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PREFACE

The primary purpose of training is to produce a combat Navy
which can guarantee victory at sea. This victory is dependent upon
the readiness of the personnel aboard. Each individual is assigned
tasks to perfc m dependent upon the needs of the ship. The informa-
tion in this . inual relates to tasks required to meet shipboard
needs tasks that are assigned to personnel aboard ship, serving
as a Patternniaker Third Class and Pact Second Class. This
rate training manual provides infornation related to the duties re-
quired k..) operate and maintain pattern shop equipment and the man-
ufacture and maintenance of shipboard patterns. It is only when we
have personnel aboard who can and do perform these tasks efficiently
that we have each ship operating at a high state of readiness and
add her contribution essential to victory at sea. When you are assigned
duties aboard ship as an PM3 or PM2, you will be expected to have a
thorough knowledge of the information contained in this manual. The
degree of success of the Navy will depend in part on the ability you
possess and the manner in which you perform your assigned duties.
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THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY
The United States Navy is responsible for maintaining control of the sea
and is a ready force on watch at home and overseas, capable of strong
action to preserve the peace or of instant offensive action to win in war.

it is upon the maintenance of this control that our country's glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy's heritage from the past. To
these may be added dedication, discipline, and vigilance as the watchwords
of the present and the future.

At home or on distant stations we serve with pride, confident in the respect
of our country, our shipmates, and our families.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea, under
the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in war.

Mobility, surprise, dispersal, and offensive power are the keynote: of
the new Navy. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.
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CHAPTER 1

PREPARING FOR YOUR CAREER
AS A PATTERNMAKER

If you want to be the key figure in the triple
play of the Patternmaker to Molder to Machinery
Repairman and want to build and create items
from wood and metal, want to use your hands
and head and if you can visualize, imagine,
and draw, as well as work with tools, Pattern-
making is the job for you. Patternmaking is
one of the most interesting and challenging
jobs anyone can have in civilian and military
life. The work is never monotonous because
every pattern presents new and different
problems.

Among skilled men, ashore and afloat, the
old-fashioned wood plane rating insignia is
recognized as the emblem of a craftsman
possessing the creative conception, practical
ability, precise skill, and sound judgment com-
bined with practical knowledge necessary to
transform an idea into an object having the
length, breadth, and thickness required to
produce any conceivable form to be cast in
metal.

In this chapter, and the others that follow,
you will find general and technical information
which will aid you in attaining the knowledge
and skills necessary to win the Patternmaker's
emblem. Start working for it now. It's worth
having. Keep in mind, however, that you cannot
depend on the printed word alone to become

Patternmaker; you must supplement the
information you obtain from books with actual
practice, and with the knowledge acquired from
observing experienced men at work.

Thi3 training manual will aid you in furthering
your career as a Patternmaker. However, it
is not a prerequisite to advancement. It is,
instead, a manual designed to aid in your training
so that you may reach higher and higher levels
of proficiemy as a Patternmaker.

The occupational, professional, or technical
quals for the PM rating that were used as a
guide in the preparation of this manual were
current through change 2 (1972) to the Manual
of Qualifications for Advancement, NAVPERS
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18068-C. Therefore, t 4!s in the qualifications
occurring after change .1 to NAVPERS 18068-C
are not necessarily reflected in the information
given here.

The information contained in this training
manual has been organ'zed in such a way as to
permit you to progre. s at a reasonable rate
from the general and technical subject matter
related to the PM rating to simple patterns,
and finally to more complex patterns and core
boxes.

Chapter 2 provides information on the various
foundry processes, the basic parts of the mold,
and the basic design rules necessary for the
construction of a pattern that will be used in the
production of a sound, usable casting.

Chapters 3, 4, and 5 discuss woodworking
handtools, portable power handtools, and wood-
working machinery.

Chapters 5 and 6 discuss the variousstructural
materials used in Navy patternmaking and the
construction techniques used in assembling and
constructing patterns.

Chapters 8 and 9 discuss the mathematics
of patternmaking, blueprint reading, and layout
construction.

Chapters 10 and 11 discuss the various types
of pattern equipment, coos, and core boxes
that you should be familiar with in order to
become an effective PM.

Chapters 12 through 16 are actual pattern
projects, starting with a simple pattern and
progressing into more complex patterns and core
boxes. These projects are designed to give you
a broad knowledge of the various construction
techniques employed in the PM trade.

On the last page of each chapter, when
appropriate, you will find definitions of technical
terms that appear in the following chapter for
the first time in the manual. You must learn
these terms and their definitions as they are
part of the PM's "language." It is not possible
to understand patternmaking nor what another
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PM is talking about without a good voca'mlary
of these terms.

The rem Under of this chapter give s informa-
tion on the Patternmaker rating. the requirements
for advancement and references that will help
you in reaching higher standards in the per-
formance of you]. duties. This chapter also
includes information on how to make the best
use of rate training ma -tals. Therefore, it is
recoinniended that you study this chapter care-
fully before beginning intensive study of the
remainder of this manual.

THE PArl'ERNMAKER RATING

The Patternmaker rating, which is a general
rating, does nut have any service or emergency
ratings. The -cope of the Patternmaker rating
entails the responsibility of making wood,
plaster, and metal patterns, core boxes, and
flasks us, by the Molder in a Navy foundry;
m'unting pattexlis on match plates and follow
boards for production molding; making master
patterns; making full-scale layouts of wooden
patterns, core boxes, and templates; and indexing
and storing patterns.

In general, the Patternmaker is assigned to
a repair ship or tender where he operates the
power-driven woodworking machinery and the
handtools necessary to construct a pattern which
is used as a toot in the hands of the Molder
to produce a .lound usable casting. Aboard a
repair ship or tender, you will find the carpenter
and the pattern shops together. These two
activities are placed next to each other and
share the use of the same woodworking machines
and equipment. Space is precio'is as repaii
ships ate(' tenders are combinations of a floating
navy yard, a supply depot, and a training
station.

In the pattern shop of a repair ship or t.nder,
the Fireman, who is striking for Patternmaker
3, is basically on the getting acquainted-orienta-
tion detail. Usually he has had some experience
in woodworking or mechanical drafting before
coming into the Navy. There are usually one or
two strikers in each pattern shop; they help the
third, second, and first class Patternmakers in
the performance of their duties. The striker
cleans, sandpapers, shellacs, and stores patterns.
As he progresses, he helps make the simple
patterns and learns the fundamentals of the
trade. One of his principle duties is learning
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how to maintain all of the woodworking machines
in the shop and Warning all the pertinent safety
precautions.

The is also a Patternmaker Third Class
who has started to go places in the Patternmaker
rating. lie reads blueprints and makes simple
patterns from them. Usually he makes his pat-
terns from worn or broken castings. Occasionally
he will help make a required core box of a more
complicated nature. In actual practice, many
third and second class learn to do this in the
lower ratings.

The Patternmaker Second Class gets into
the more complicated pattern and core box
work. He makes patterns from blueprints that
require more detailed work, such as the hand-
carving of pattern members. He also makes
core boxes as necessary.

In the normal complement of a shipboard
pattern shop there is a Patternmaker First
Class and a Chief Patternmaker. The PM1
handles the more detailed patterns and core
boxes. In the absence of the chief, he takes over
the responsibility of the operation of the pattern
shop. The PMC is usually primarily interested
in supervisory duties. He trains the lower rated
moan, assigns work, checks the quality of the
workmanship, handles personnel matters, works
out new procedures, makes reports, orders
supplies and materials, and performs other
additional duties required of the Chief Petty
Officer.

As a Patternmaker, you will be concerned
mostly with repair activities. The Navy operates
a number of different types of repair ships, but
those to which you are most likely to be assigned
are destroyer tenders (AD), repair ships (AR),
internal combustion engine repair ships (ARG),
heavy-hull ships (ARM, and submarine
tenders (AS'. Repair ships and tenders are
specially uecAgned naval ships whose primary
mission is to provide repair facilities and
services to the forces afloat. These ships are
floating bases, capable of accomplishing a large
variety of general and specialized work, In
theory and in fact, these ships are small scale
navy yards.

When your assignment sends you to shore
duty, you will work within the framework of
an organization having a similar repair mission.
Occasionally the Patternmaker performs duties
other than those of Ls rating, such as shore
patrol, master at arms, and special details.
Naturally, there are some exceptions, but gem-
erally, a Patternmaker, whether ashore or afloat,
is assigned to the repair department.
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The Patternmaker should have a good back-
ground in and an aptitude for mathematics. For
those lacking in this area, the training manuals
listed later in this chapter are strongly recom-
mended. In addition to mathematics, the Navy
Patternmaker should have a working knowledge
of foundry and machine shop practices. The
Patternmaker must have an ability to work with
his hands as well as his mind. However, if you
have not had much experience working with your
hands, you will gain confidence in yourself
and in your work through performance of your
daily duties.

Your ability as a Patternmaker is not
measured in terms of the amount of shop equip -
mnt tnat you can operate, but your ability is
measured in terms of how well you can get the
mast out of the existing equipment to get the
job done. Regardless of the type of shop equip-
ment ,hat you may have at your duty assignment,
the experience gained will be beneficial in helping
you progress to the higher levels of pattern-
making.

As stated in General Order 21, naval leader-
ship is "the art of accomplishing the Navy's
mission through people." As you prepare for
advancement to Patternmaker Third Class and
then to Patternmaker Second Class, you C11 hear
a great deal about your responsibility in
connection with General Order 21 and the naval
leadership program. The object of the general
order is to revitalize and reemphasize naval
leadership in all its aspects. You must be a
respected and accomplished example of military
and professional competence in order to
accomplish the four basic principles of your
naval mission which are:

1. Assure the highest level of combat ef-
fectiveness now and in the future.

2. Maintain good order and discipline.

3. Achieve the objectives of the Department
of Defense Human Goals Program as set forth
by the Secretary of Defense in 1969.

4. Implement the various people-oriented
directives as set forth by the Chief of Naval
Operations (CNO).

Although the general principles and techniques
of leadership are fully covered in Military
Requirements for Petty Officer 3 & 2, NAVPERS
10056-C, consider how you can live up to General
Order 21 on a day-to-day basis.
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Assume that you are aboard ship assigned
to the pattern shop. Assume you also are the
senior Patternmaker aboard and that you tia..ie
several PM strikers in the shop. A big part of
y:ho. job is to 1( aril everything you can about
patternmaking and 'oundry practice so youwill be
able to pass this information and knowledge to
your men. You must also inspire your strikers
to do their work as efficiently as possible.

A characteristic of the American fighting man
is that he wants to know the reason behind his
being called upon to perform certain tasks. You
must explain to your strikers the importance
of their work and how it affects the overall
fighting efficiency of your ship. Show them that
even routine tasks greatly contribute to the
overall effort. During exercises and drills, make
them feel that they are contributing to the
overall efficiency of the ship. When led with
courage, spirit, and intelligence, your men will
respond by backing you up. Remember that
enthusiasm is contagious, therefore you must
serve as the inspiration for your men.

To lead your men effectively and gain the
confidence of your superiors, you must also
have a strong moral character. Some of the
character traits that can be developed by
conscientious study and practice are loyalty,
integrity, and self-confidence.

Loyalty is one of the most essential qualities
of a good leader. Loyalty to your country, to your
Navy, to your division, to your chief, io your
senior petty officers, and to the men who work
with and for you is essential if you are to
succeed.

Deal with your men squarely and honestly.
If you do, you will win and hold their respect.
Be dependable. Keep your promises. A reputation
of being a "square shooter" is worth every
effort you put into obtaining it.

Remember that good leaders display self-
confidence based on the rough knowledge of their
job and the ability to perform their job. If you
have confidence in yourself, you will not find it
difficult to inspire confidence in your men.

TRAINING FOR THE JOB

Highly trained personnel are essential to the
successful functioning of the Navy. As you continue
your training and become more and more pro-
ficient in job performance, you as well as the
Navy benefit. In addition to enjoying the satis-
faction of getting ahead in your chosen Navy
career, you will be regarded with greater respect
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by officers and enlisted personnel, your job
assignments will become more interesting and
more challenging, and your pay will increase.
As you advance from one rate level to the
next, you increase your value to the Navy in
two ways. First, you become more valuable as
a specialist in your own rating, and second,
you become more valuable as a person who can
train others and thus make far-reaching contri-
butions to the entire Navy.

QUALIFYING FOR THE JOB

What must you do to meet the job require-
ments? The requirements may change from
time to time, but usually you must:

1. Have a certain amount of time in your
present grade.

2. Complete the required military and rating
manuals.

3. Demonstrate your ability to perform all
those practical requirements applicable to the
rate for which you are striving and have them
checked off on the Record of Practical Factors,
NAVTRA 1414/1.

4. Be recommended by your commanding
officer after the petty officers and officers
supervising your work have indicated that they
consider you capable of performing the duties
of the next higher rate.

5. Demonstrate your knowledge by passing
written examinations on the occupational and
military qualification standards for advancement.

Some of these general requirements may be
modified in certain ways. Figure 1-1 gives a
more detailed view of the requirements for
advancement of active duty personnel; figure
1-2 gives this information for inactive duty
personnel.

Remember that the qualifications for advance-
ment can change. Check with your division officer
or training officer to be sure that you know the
m st recent qualifications.

Advancement is not automatic. Even though
you have met all the requirements, including
passing the written examinations, you may not
be able to "sew on the crow" or "add a stripe."
The number of men in each rate and rating is
controlled by a Navywide basis. Therefore, the
number of men who may be advanced is limited
by the number of vacancies that exist. When the
number of men passing the examination exceeds
the number of vacancies, some system must be

used to determine which men may be advanced
and which may not. The system used is the
"final multiple" and is a combination of three
types of advancement systems.

Merit rating system
Personnel testing system
Longevity, or seniority, system

The Navy's system provides a credit for per-
formance, knowledge, and seniority, and, while
it cannot guarantee 'hat any one person will
be advanced, it does 6 . antee that all men within
a particular rating wi have equal advancement
opportunity.

A change in promotion policy has been
implemented the Passed-But-Not-Advanced
(PNA) Factor. Under this policy, effective with
the August 1972 examination, a man that passed
the examination, but was not advanced can gain
points toward promotion in his next attempt.
Up to three multiple points can be gained in a
single promotion period. The points can then be
accumulated over six promotion periods up to
a maximum of 15. The addition of the PNA
factor, with its 15 points maximum, raised the
number of points possible on an examination
multiple from 185 to 200. This gives the examinee
added incentive to keep trying for promotion
in spite of repeated failure to gain a stripe
because of quota limitations.

The following factors
computing the final multiple.

Factor

are considered

Maximum

in

WeightPointt

Examination Score 80 40%

Performance (Average
of nrurks received) 50 25%

Total Active Service
(1 per yr) 20 10%

Time in Present Grade
(2 per yr) 20 10%

Medals and Awards 15 7.5%

PNA. (Maximum 3 per
exam cycle) 15 7.5%

200 100%

4



Chapter 1 PREPARING FOR YOUR CAREER AS A PATTERNMAKER

REQUIREMENTS El to E2 E2 to EA
,

E3
to E4

t E4
to E5

t E5 t E6
to E6 to E7

I tE7
to E8

t E8
to E.p.

SERVICE

4 mos.
service-

or
comple-
tion of
Recruit
Trainingl_r

8 mos.
as E-2.

.::::::::!::::
::::::::::::::::::::::,!
iiii:;:;:;:;:;:.:.
li::::::i:i:::i:i
:::::::::::::::

:::::::::::::::::::::::;:::::;
:::::::::::::::
::::::ilii:i1:::Iii
:;:i:::::i:::::::::::::::::
:::::::;*;:;:i:
-:...L:.

Record

6 mos.
as E-3.

Class A
for PR3,::::::::::::::::::.::::.

DT3,
PT3,
A MEmor.L.F...2,:::::.:....:::.:::
HM 3,
PN 3,
FTB 3,
MT 3,

.
12 mos.
as E-4.

r.. 7-:"-..:777,7,......
::::.:.:::::::.::::::::::::::::....

:::::::::::::::::::::::::::.

::::::::::::::::::::::::..............

:::::::::::::::
:':':*:*:':':
:::::::::::::::::::::::.

-;-:..:::::::::::::::.....

24 M06.
as E-5.

...
...

...............

.. :
.

.

::::::,:,
**:::::

.-

36 mos,
as E6.
8 years
total

enlisted
service.

Class B
for AGC,

MUC,
MNC3 t

36 mos.
as E-7.
8 of 11
years
total

service
must be
enlisted.

24 mos.
as E-8.
10 of 13
years
total

service
must be
enlisted.

SCHOOL

Recruit
Training.
(C.O.
may ad-
vance upup
to 10%
of gradu-
ating
class. .2,...::::::

Locally
prepared
check-
offs.

PRACTICAL
FACTORS

of Practical Factors, NavEdTra 1414/1, must be
completed for E-3 and all PO advancements.

PERFORMANCE
TEST

:::::::::: .:::::::::.:.::::.7':::::v:- . Specified ratings must complete
applicable performance tests be-

fore taking examinations.

::::::::?:::::
:.:: ..........................::::::::
::.::::::::::::::::::::::::.:::-.:-::

::::::::::-

ENLISTED
PERFORMANCE

EVALUATION

As used ey CO
when approving
advancement.

Counts toward performance factor credit
vancement multiple.

in ad-

EXAMINATIONS**
Locally

prepared
tests. below.

Navy-wide examinations required
for all PO advancements.

Navy-wide,
selection board.

RATE TRAINING
MANUAL (INCLUD-:::::::::::::::::::x:.
ING MILITARY
REQUIREMENTS)

...........,
,::::::::*:::*:::*:':*:*:':-

.*Y:**:::::.'::::::::::::........
:::::::::::
::../...,:::::.::::::::
...w.:.::::::::::..................................

Required for E-3 and all PO advancements
unless waived because, of school comple-
tion, but need not be repeated if identical
course has Already been completed. See

NavEdTra 10052 (current edition).

Nonresident career
courses and
recommended
reading. See
NavEdTra 10052
current edition .

AUTHORIZATION
Commanding

Officer
Naval Examining Center

* All advancements require commanding officer's recommendation.
4 1 year obligated service required for E-5, and E-8; 2 years for E-7, E-8, and E-9.

# Military leadership exam required for E-4 and E-5.
** For E-2 to E-3, NAVEDTRAPRODEVCEN exams or locally prepared tests may be used.

411' Waived for qualified EOD personnel.

Figure 1 -1. Active duty advancement requirements.
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REQUIREMENTS . El to
E2

£2 to
E3

E3 to
E4

14 to
E5

£5 to

E6

[6 to
E7

E8 E9

TOTAL TIME

IN GRADE
4 mos. 8 mos. 6 Rs. 12 mos. 14 mos.

36 mos.

with
total

8 yrs
service

36 mos

with

total

11 yrs

service

24 mos.

with

total

13 yrs

service

TOTAL TRAINING

DUTY IN GRADE t 14 days 14 days 14 days 14 days 28 days 42 days 42 days 28 days

PERFORMANCE

TESTS

Specified ratings must complete applicable
performance tests before taking examination.

DRILL

PARTICIPATION
Satisfactory participation as a member of a drill unit

in accordance with BUPERSINST 5400.42 series.

PRACTICAL FACTORS

(INCLUDING MILITARY

REQUIREMENTS)

Record of Pra2tical Factors, NavEdTra 1414/1, must
be completed for all advancements.

RATE TRAINING

MANUAL (INCLUDING

MILITARY REQUIRE-

MINTS)

Completion of applicable course or courses must be entered

in service record.

EXAMINATION Standard Exam

Standard Exam

required for all PO
advancements.

Also pass

Military Leadership Exam

for E4 and El.

Standard Exam,

Selection Board.

AUTHORIZATION
Commanding

Officer NAVEDTRAPRODEVC EN

Recommendation by commanding officer required for all advancements.
t Active duty periods may be substituted for training duty.

Figure 1 -2. Inactive duty advancement requirements.
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All of the above information (except the
examination score am'. the PNA factor) is sub-
mitted to the Naval Examining Center with your
examination answer sheet. After grading, the
examination scores, for those passing, and the
PNA points (additional points awarded to those
who previously passed the examination but were
not advanced) are added to the other factors
to arrive at the final multiple. A precedence
list, which is based on final multiples, is then
prepared for each pay grade within each rating.
Advancement authorizations are then issued,
beginning at the top of the list, for the number
of men needed to fill the existing vacancies.

PREPARING FOR THE TASK

What must you do to prepare for the next
level of proficiency? You must study the qualifi-
cations for advancement, work on the practical
factors, study the required rate training manuals,
and study other material that is required to
meet job requirements. This will require that
you be familiar with (1) the Quals Manual,
(2) the Record of Practical Factors, NAV TRA
1414/1, (3) a NAV TRA publication called Bibli-
ography for Advancement Study, NAVTRA 10052,
and (4) applicable rate training manuals. The
following sections describe these materials and
give you some practical suggestions on how to
use them in preparing for the next level of
proficiency.

The Quals Manual

The Manual of Qualifications for Advancement,
NAVPERS 18068 (with changes), gives the
minimum requirements for levels of proficiency
within each rating. This manual is usually called
the "Quals Manual," and the qualifications them-
selves are often called "quals." The qualifi-
cations are of two general types: (1) military
requirements, and (2) professional or technical
qualifications.

MILITARY REQUIREMENTS apply to all
ratings rather than to any one particular rating.
Military requirements for advancement to third
class and second class petty officer rates deal
with military conduct, naval organization, mili-
tary justice, security, watch standing, and other
subjects which are required of petty officers in
all ratings.

PROFESSIONAL QUALIFICATIONS are tech-
nical or professional requirements that are
directly related to the work of each rating.

Both the military requirements and the pro-
fessional qualifications are divided into subject
matter groups; then, within each subject matter
group, they are divided into PRACTICAL FAC-
TORS and KNOWLEDGE FACTORS. Practical
factors are things you must be Able io DO.
Knowledge factors are things you mst KNOW

in order to perform the duties of rating.
Study these qualifications and the military

requirements carefully. The written examination
for advancement will contain questions relating
to the practical factors and the knowledge
factors of both the military requirements and
the professional qualifications. If you are working
for advancement to second class, remember
that you may be examined on third class
qualifications as well as on second class qualifi-
cations.

The Quals Manual is kept current by means
of ci anges. The professional qualifications for
your rating were-current at the time this manual
was printed. By the time you are studying
this manual, however, the quals for your rating
may have been changed. Never trust any set
of quals until you have checked the change
number against an UP-TO-DATE copy of the
Quals Manual.

Record of Practical Factors

Before you can take the servicewide exam-
ination for advancement, there must be an
entry in your service record to show that you
have qualified in the practical factors of both
the military requirements and the professional
qualifications. A special form known tus the
RECORD OF PRACTICAL FACTORS, NAVTRA
1414/1, is used to keep a record of your practical
factor qualifications. This form is available for
each rating. The form lists all practical factors,
both military and professional. As you demon-
strate your ability to perform each practical
factor, appropriate entries are made in the
DATE and INITIALS columns.

Changes are made periodically to the Manual
of Qualifications for Advancement, and revised
forms of NAVTRA 1414/1 are provided when
necessary. Extra space is allowed on the Record
of Practical Factors for entering additional
practical factors as they are published in changes
to the Quals Manual. The Record of Practical
Factors also provides space for recording
demonstrated proficiency in skills which are
within the general scope of the rating but which
are not identified as minimum qualifications
for advancement.
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If you are transferred before you qualify in
all practical factors, the NAVTRA 1414/1 form
should be forwarded with your service record
to your next duty station. You can save yourself
a lot of trouble by making sure that this form is
actually inserted in your service record before
you are transferred. If the form is not in your
service record, you may be required to start
all over again and requalify in the practical
factors which have already been checked off.

NAVTRA 10052

Bibliography for Advancement Study, NAVTRA
10u52 (revised), is a very important publication
for anyone preparing for advancemeAt. This
bibliography lists required and recommended rate
training manuals and other reference material to
be used by personnel working for a higher rate
level. NAVTRA 10052 is revised and issued
once each year by the Naval Training Command.
Each revised edition is identified by a letter
following the NAVTRA number. When using this
publication, be SURE that you have the most
recent edition.

If extensive changes in qualifications occur
in any rating between the annual revisions of
NAVTRA 10052, a supplementary list of study
material may be issued in the form of a NAVTRA
Notice. When you are preparing for a higher
level, check to see whether changes have been
made in the qualifications for your rating. If
changes have been made, see if a NAVTRA
Notice has been issued to supplement NAVTRA
10052 for your rating.

the required and recommended references
are listed by rate level in NAVTRA 10052. If
you are working for the level of third class,
study the material that is listed for third class.
If you are working for the level of second
class, study the material that is listed for second
class; but remember that you are also responsi-
ble for the references listed at the third class
level.

In using NAVTRA 10052, you will notice that
some rate training manuals are marked with an
asterisk (*). Any manual marked in this way is
MANDATORYthat is, it must be completed at
the indicated rate level before you can be eligible
to take the servicewide examination for advance-
ment. Each mandatory manual may be completed
by (1) passing the appropriate enlisted cor-
respondence course that is based on the mandatory
training manual; (2) passing locally prepared
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tests based on the information given LI the
training main al; or (3) in some cases, success-
fully completing the appropriate Class A school.

(NOTE: The Navy's only Patternmaker school
is a Class A school situated in San Diego,
California. This school condenses the equivalent
of a 10,600-hour civilian patternmakerapprentice
program into a 20-week course. You should
contact your information and education office
or your career counselor for information about
attending this school if it is your desire to do
so.)

Do not overlook the section of NAVTRA
10052 which lists the required and recommended
references relating to the military requirements
for advancement. Personnel of ALL ratings
must complete the mandatory military require-
ments training manual for the appropriate rate
level before they can be eligible to advance.

The references in NAVTRA 10052 which are
recommended but not mandatory should also be
studied carefully. ALL references listed in NAV-
TRA 10052 may be used as source material
for the written examinations, at the appropriate
rate levels.

Rate Training Manuals

There are two general types of Rate Training
Manuals. TRAINING MANUALS (such as this one)
are prepared for most enlisted ratings. A rate
training manual gives information that is directly
related to the professional qualifications of ONE
rating. SUBJECT MATTER MANUALS or BASIC
MANUALS give information that applies to more
than one rating.

Rate Training Manuals are revised from time
to time to keep them up-to-date technically.
The revision of a Rate Training Manual is
identified by a letter following the NAVTRA
number. You can tell whether any particular
copy of a Rate Training Manual is t....)e latest
edition by checking the NAVTRA number and
the letter following this number in the most
recent edition of List of Training Manuals and
Correspondence Courses, NAVTRA 10061. (NAV-
TRA 10061 is actually a catalog that lists all
current training manuals and correspondence
courses and is revised annually. You will find
this catalog useful in planning your study
program.)

The following suggestions may help you to
make the best use of this manual and other
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Navy training publications when you are preparing
for a higher rate level.

1. Study the military requirements and the
professional qualifications for your rating before
you study the training manual, and refer to the
quals frequently as you study.

2. Set up a regular study plan. It will
probably be easier for you to stick to a schedule
if you can plan to study at the same time each
day. If possible, schedule your studying for a
time of day when you will not have too many
interruptions or distractions.

3. Before you begin to study any part of the
training manual intensively, become familiar
with the entire book. Read the preface and the
table of contents. Check through the index.
Thumb through the book without any particular
plan, looking at the illustrations and reading
bits here and there as you see things that
interest you.

4. Look at the training manual in more
detail, to see how it is organized. Look at the
table of contents again. Then, chapter by chapter,
read the introduction, the headings, and the
subheadings. This will give you a pretty clear
picture of the scope and content of the book.
As you look through the book in this way, ask
yourself some questions: What do I need to learn
about this? What do I already know about this?
How is this information related to information
given in other chapters? How is this information
related to the qualifications for advancement?

5. When you have a general idea of what is
in the training manual and how it is organized,
fill in the details by intensive study. In each
study period, try to cover a complete unit it
may be a chapter, a section of a chapter, or
a subsection. The amount of material that you
can cover at one time will vary. If you know the
subject well, or if the material is easy, you
can cover quite a lot at one time. Difficult or
unfamiliar material will require more study
time.

6. In studying any one unit chapter, section,
or subsectionwrite down the questions that
occur to you. Many people find it helpful to
make a written outline of the unit as they study,
or at least to write down the most important
ideas.

7. As you study, relate the information in
the training manual to the knowledge you already
have. When you read about a process, a skill,
or a situation, try to see how this information
ties in with your own past experience.
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8. When you have finished studying a unit,
take time out to see what you have learned. Look
back over your notes and questions. Maybe
some of your questions have been answered, but
perhaps you still have some that are not
answered. Without looking at the training manual,
write down the main ideas that you have gotten
from studying this unit. Don't just quote the
book. If you can't give these ideas in your own
words, the chances are that you have not really
mastered the information.

9. Use Enlisted Correspondence Courses
whenever you can. The correspondence courses
are based on Rate Training Manuals or on
other appropriate texts. As mentioned before,
completion of a mandatory Rate Training Manual
can be accomplished by passing an Enlisted
Correspondence Course based on the Rate
Training Manual. You will probably find it helpful
to take other correspondence courses, as well
as those based on mandatory training manuals.
Taking a correspondence course helps you to
master the information given in the training
manual, and also helps you see how mud'. you
have learned.

10. Think of your future as you study Rate
Training Manuals. You are working for advance-
ment to third class or second class right now,
but someday you will be working toward higher
rates. Any' Wing extra that you can learn now
will help you both now and later.

SOURCES OF INFORMATION

One of the most useful things you can learn
about a subject is how to find out more about it
No single publication can give you all the infor-
mation you need to perform the duties of your
rating. You should learn where to look for
accurate, authoritative, up-to-date information
on all subjects related to the military require-
ments for advancement and the professional
qualifications of your rating.

Some of the pUblications described here are
subject to change or revision from time to time
some at regular intervals, others as the need
arises. When using any publication that is subject
to change or revision, be sure that you have
the latest edition. When using any publication
that is kept current by means of changes, be
sure you have a copy in which all official changes
have been made. Studying canceled or obsolete
information will not help you to do your work or
to advance; it is likely to be a waste of time,
and may even be seriously misleading.
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NAVAL. TRAINING
(NA"I'liA) PUBLICATIONS

Effective 15 January 1972, the Naval Training
support Command and its field activil.ies came
directly under the command of the Chief of
Naval Training. Training materials published
by the Naval Training Command after the above
date are designated as NA"I'RA in lieu of
NAVPERS; the number remains as originally
assigned for most publications. The designators
of publications printed prior to the above date
will be changed as each publication is revised.

Sonic of the publications that you will need to
study or refer to as you prepare for a higher
rate level have already been discussed earlier
in this chapter. some additional publications
that you may find useful are listed here.

Tools and Their Uses, NAVPERS 10085-B
Blueprint Reading and Sketching, NAVPERS

10077-C
Fireman, NAVPERS 10520-1)
Mathematics, Vol. 1, NAVPERS 10069-C
Molder, NAVPERS 10584-C

In addition, you may find it useful to consult
the Rate Training Manuals prepared for other
Group VII (Engineering and Hull) ratings.
References to these training manuals will add
to your knowledge of the duties of other men
in the engineering and repair departments aboard
ship.

NA PS PUBLICATIONS

A number of publications issued by NAVSHIPS
will be of interest to you. While you do not need
to know everything that is given in the publications
mentioned here, you should have a general idea
of wilt. :e to find information in NAVSHIPS
publications.

The Naval Ships Technical Manual is the
basic doctrine publication of NAVSHIPS.Chapters
of particular importance to you include the
following:

Chapter 9005. . . Tables of Technical Data
Chapter 9910. . . Workshop Equipment on Ships

The Foundry Manual, NAVSHIPS 250-0334 is
the basic manual for foundry practice in the
Navy. It is intended primarily for use by foundry
personnel aboard repair ships and tenders.

The Naval Ship Systems Command Technical
News is a monthly publication which contains

interesting and useful articles. This magazine
is particularly useful because it presents in-
formation which supplements and clarifies
information given in the NAVSHIPS Technical
Manual and because it presents information on
new developments.

MANUFACTURERS'
TECHNICAL MANUALS

The manufacturers' technical manuals that
are furnished with most machinery units and
many items of equipment are valuable sources
of information on operation, maintenance, and
repair. The manufacturers' technical manuals
that deal with NAVSH1PS machinery and equip-
ment are given NAVSHIPS numbers. You should
also become familiar with patternmaker's hand-
books, machinery handbooks, and machinist's
handbooks, so that you will know how to locate
information in these publications.

TRAINING FILMS

Training films available to naval personnel
are a valuable source of supplementary infor-
mation on many technical subjects. Training
films are listed in the United States Navy Film
Catalog, NAVAIR 10-1-777. Copies may be
ordered in accordance with the Navy Stock
List of Forms and Publications, NAVSUP 2002.
Supplements to the Film Catalog are issued as
appropriate.

When selecting a film, note its date of issue
listed in the Film Catalog. As you know,
procedures sometimes change rapidly. Thus some
films become obsolete rapidly. If a film is
obsolete only in part, it may sometimes be
shown effectively if before or during its showing
you carefully point out to trainees the procedures
that have changed.

GLOSSARY OF TERMS

The following definitions are of terms used
in Chapter 2.

AIR HOLE Hole in a casting caused by air
or gas trapped in the metal during solidification.

ALLOYAny composite metal produced by the
mixing of two or more metals.

ALUMINUMA light, white metal obtained from
clays.
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IIMUNI

ATMOSPHERIC PRESSURE The pressure of
air at sea level, approximately 14.7 pounds per
square inch.

BASIN A cavity on top of the cope into which
metal is poured before it enters the sprue.

BENCH NIOLDING The process of making
small molds on a bench.

tosmits Materials used to hold molding sand
together.

BLIND RISER An internal riser which does
not reach to the exterior of the mold.

BLOW 110LE A hole in a casting caused by
trapped air or gases.

BOSS A projection on a casting of circular
cross section

BOTTOM BOARD A rough board similar to
a molding board upon which the finished mold
rests.

BOTTOM POUR MOLD Mold with the gate
so positioned as to allow the molten metal to
enter the mold cavity at the lowest possible
point.

BRASS An alloy composed chiefly of copper
and zinc.

BRONZE An alloy composed chiefly of copper
and tin.

CAST IRON The most common of metals,
mined as iron ore.

CAST STEEL Cast iron that has been hardened
and toughened by one of the various steelmaking
processes.

CENTERLINE Well defined knife or gage line
placed upon the work to serve as a basis from
which dimensions are to be measured.

CENTRIFUGAL CASTING Process of filling
molds by pouring the metal into a sand or
metal mold revolving about either its horizontal
axis or vertical axis, or pouring the metal
into a mold that is revolved before solidification
of the metal is complete. The molten metal is
moved from the center of the mold to the
periphery by centrifugal force.
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CHAPLET Metal supports used to hold a core
in place with the size of the core seat is in-
adequate.

CONTRACeloN - The amount that the metal will
have decreased in size from the tinle it is poured
to the time the temperature has fallen to the
normal temperature of the metal.

CONTRACTION, LIQUIDShrinkage or contrac-
tion in molten metal as it cools from one
temperature to another while in the liquid state.

CONTRACTION, SOLIDShrinkage or contrac-
tion as a m?tal cools from the solidifying
temperature to room temperature.

COPE - The top section of a flask.

CORE That part of a mold or body of sand
which forms a hole, a recess, or the interior
of a casting. Particularly applied to those bodies
of sand formed within a core box and subsequently
baked.

CORE BOX Specially constructed form into
which sand is rammed to give the required
shape to a core.
CORE CAVITY The interior form of a core
box that gives shape to the core.
CORE PLATE Metal plate used to support
cores while they are being baked.

CORE PRINT That part of a pattern which
has been so designed as to form a seat to
locate and support a core within a mold.

CORE SANDSand free from clay; it is nearly
pure silica (any sharp sea sand).

CRACKER CORE A vent core used to break
the skin in the riser and allow the atmospheric
pressure to push the metal into the mold cavity.
Also called a "fire-cracker."

CROSS SECTIONA view of the interior of an
object that is represented as being cut in two,
the cut surface presenting the cross section of
the object.

DRAFT The angle of slant tending away from
the line of parting given to those surfaces of
a pattern which would lie in the direction in which
the pattern or its component parts are drawn
from the sand.
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DRAG The bottom section of a flask.

DRAWING Removing a pattern from the sand.

DRY SAND MOLD A mold which has been
baked in an oven to fix its shape permanently
and to give it a hard surface.

FEED HEAD A reservoir of molten metal
from which the casting feeds as it solidifies.
Also called a riser.

FEEDING Supplying additional molten metal to
a casting to compensate for volume shrinkage
during solidification.

FERROUS Relating to or containing iron.

FILLET Concave corner piece used at the
intersection of surfaces. A struck fillet is one
that is dressed to shape in place. A planted
fillet is one that is made separately and affixed
in place.

FINISH ALLOWANCE An amount of stock left
upon the surface of a casting for the operation
of machine finish.

FLOOR MOLDING The process of making large
molds on the foundry floor.

FOUNDING OR FOUNDRY PRACTICE The art
or craft in which molten metal is given shape
by being poured into molds.

FOUNDATION MEMBERS Permanent or tem-
porary members over which a pattern is built.

FREEZING The solidification of molten metal
in the mold.

GATE Channel that conducts the metal from
the sprue to the mold cavity. Specifically, the
point where molten metal enters the casting
cavity. Sometimes employed as a general term
to indicate the entire assembly of connected
columns and channels carrying the metal from
the top of the mold to that part forming the
Casting cavity proper. Term also applies to the
pattern parts which form the passages, or the
metal that fills them.

GREEN SAND Sand containing sufficient re-
fractory clay substance to bond strongly without
destroying the venting quality when rammed to
the required degree cl hardness.

GRIND Truing up the surface of a casting
with an abrasive wheel or belt.

HORN GATE A circular-shaped gate or sprue
form having a rectangular or round cross section,
used when the molten metal is to enter the mold
cavity well below the parting line.

LOAM MOLD A mold built up of brick, covered
with a loam mud and then baked before being
poured.

MACHINE FINISH Oper.ition of turning or
cutting an amount of stock from the surface
of metal in order to produce a finished surface.
Allowances for machine finish have to be made
on the pattern.

MALLEABLE CAST IRON Cast iron made
ductile through an annealing process.

METAL PATTERN Patterns made from alumi-
num, brass, bronze, white metal, and cast iron
used as patterns in high production work.

MODEL A facsimile of an object, either
miniature or full size.

MOLD As applied to founding is a body of
sand containing the impression of a pattern.
MOLD CAVITY Impression left in the sand
by a pattern.

MOLD WEIGHTSWeights placed on the cope
of the mold to help overcome the lifting pressure.

NATURAL BONDED SAND Sand containing a
sufficient amount of clay bond, either presentin its natural state or added before shipment,
to make the sand suitable for immediate use.

NONFERROUS Pertaining to metals not having
iron as the base metal.

NOWEL The lower section of the flask, more
commonly called the drag.
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OPEN RISER A riser that is not covered. It
is open to the atmosphere.

PADShallow projection on a casting distin-
guished from a boss or lug by shape and size.
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PADDINGIs used to induce progressive solidi-
fication in members or sections of uniform
thickness and to prevent the defect known as
midwall, or centerline shrinkage.

PARTED PATTERN Pattern made in two or
more parts. See split pattern.

POURING BASIC CORE A cavity on top of
the cope into which metal is poured.

PARTING Joint or plane of separation in a
mold of two or more sections.

PARTING LINE That line about a pattern where
the pattern or its mold separates.

PATTERN Form modeled in ,iny material from
which a mold may be made; it is the basis of
foundry practice.

PATTERNMAKING Deals with the m3deling in
wood, metal, or other materials, of objects
that are to be cast in metal.

PERMANENT MOLDA long-life mold into
which metal is poured by gravity.

PERMEABILITY Refers to the venting qualities
or to the rate at which gases can pass through
the sand.

PIT MOLDING The process of making very
large molds in pits in the foundry floor.

PLASTER PATTERN A pattern made from
plaster of paris.

POURING Filling the mold with molten metal.

RAMMINGPacking sand around the pattern
in making a mold.

REFRACTOR Material having heat-resisting
qualities.

RIBA stiffening memher.

RISER An opening made from the mold cavity
to the top of the mold in which the metal will
rise during the pouring operation and which
may later act as a feeder for the prevention
of porosity in the casting due to shrinkage.
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RUNNER Channel through which the molten
metal is conductcd to the gate or gates from the
sprue or down gate.

SHELL MOLDINGA sand molding process in
which a mixture of sand and thermosetting
plastic is applied to a heated metal pattern.

SHRINK HOLE A hole or cavity in a casting
resulting from contraction and insufficient feed
metal, and formed during the time the metal
changes from the liquid to the solid state.

SHRINKAGE Arrangement of the molecules of
metal as it passes from a liquid to a solid
state. (See contraction.)

SKIN-DRYING Drying or baking only the surface
of the mold.

SLUSH MOLDING A process in which the metal
is allowed to cool long enough to form a shell,
and then the mold is inverted and the remaining
molter. metal is poured out, leaving a hollow
center.

SPRUE An opening that conducts the metal
from the top of the mold to the gate or gates.
The term SPRUE is also applied to the metal
which fills the pouring channels and is found
attached to the casting.

STRESS RELIEVINGHeat treatment to remove
stresses or casting strains.

SYNTHETIC SANDSand which is mixed in
correct proportions of unbonded sand and a
suitable binder such as clay, and then tempered.

TEMPERING SANDDampening and mixing
sand to produce a uniform distribution of

moisture.

VENTAn opening L a mold or core to permit
escape of steam and gases.

VENTING Perforating the sand over and around
a mold cavity with a venting needle to assist
in the escape of the gases.

WHIRL GATE A gate or sprue arranged to
introduce metal into a mold tangentially, thereby
giving the metal a swirling motion.



CHAPTER 2

PATTERNMAKING AND FOUNDING

As a patternrnaker, you will probably be
assigned to a repair ship or tender and will
work closely with the foundry and other shops
within the repair department. Therefore, this
chapter includes information on the types and
functions of repair ships and tenders, and the
repair department organization and the functions
of its officers, personnel, and shops; greater
detail is provided about your Job and some of
the skills you must have.

REPAIR SHIPS AND TENDERS

In effect, repair ships and tenders are float-
ing bases, capable of performing a variety of
maintenance and repair services that are beyond
the capabilities of the ships they serve. They
are rather like small-scale Navy yards, with
the same primary mission: to provide repair
facilities and services to the forces afloat.

The most common type of repair ship, desig-
nated AR, provides general and specific repairs
to all types of ships. Special types of repair
ships have been developed for special uses;
for example, the ARG is designed for the repair
of internal combustion engines.

Each type. of tender provides services for
one type of ship, as indicated by the designationof the tender. The two best known types of
tenders are the destroyer tender (AD) and the
submarine tender (AS). Both conventional sub-
marines and fleet ballistic missile submarines
are tended by AS's; however, the organization
of the repair department of an AS that tends
fleet ballistic missile submarines differs some-
what from that of an AS that tends conventional
submarines.

Since repairs and services to other ships
are the primary functions of all repair ships
and tenders, it is obvious that the repair de-
partment on a repair ship or tender makes a

direct and vital contribution to fleet support.
The operating forces of the fleet depend upon
the services provided by all personnel of the
repair department.

REPAIR DEPARTMENT

The type of repair ship to which you will
probably be assigned will be one of the following:
destroyer tender (AD), repair ship (AR), internal
combustion engine repair ship (ARG), or sub-
marine tender (AS). When you are assigned to
shore duty at your trade, you will almost
certainly be assigned to a billet in the Repair
Department, of the shore installation. Since the
shore-based installation has the same essential
mission as the repair ship, the organization will
be similar.

When you report aboard ship, you will need
to learn the lines of authority and responsibility
in the repair department. You will need to find
out where your orders and assignmentsoriginate,
exactly what is expected of you, and where to go
for information, assistance, and advice. You
can start acquiring this knowledge by studying
the following material on repair department
organization and personnel.

Repair department organization varies some-
what from one ship to another, as may be seen
by comparison of figures 2-1 and 2-2. Figure
2-1 shows the organization of the repair de-
partment on a typical repair ship (AR); figure
2-2 shows the organization of the repair depart-
ment on a fleet ballistic missile (FBM) submarine
tender (AS).

In comparing these two illustrations, you
will notice several differences. For one thing,
the repair department on the AR includes an
ordnance repair division (R-5) which is not
included in the repair department of the AS.
Instead, the AS has a separate weapons repair
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MAINTENANCE DATA
COLLECTION COORDINATOR

REPAIR OFFICER SHIP SUPERINTENDENTS

ASSISTANT REPAIR
OFFICER

ADMINISTRATIVE
ASSISTANT

R-1 DIVISION R-2 DIVISION R-3 DIVISION R4 DIVISION R5 DIVISION

HULL REPAIR MACHINERY REPAIR ELECTRICAL REP 442 ELECTRONICS REPAIR ORDNANCE REPAIR

SHIPFIT TER SHOP
SHEETmETAL SHOP

FOUNDRY
MACHINE SHOP

ELECTRICAL REPAIR
SHOP

TYPEWRITER & GAGE
SHOP

CANVAS SHOP
OPTICAL SHOP

PIPE SHOP OUTSIDE REPAIR SHOP 1.C. REPAIR SHOP WATCH I CLOCK SHOP PHOTO SHOP

CARPENTER SHOP BOILER SHOP ELECTRONICS SHOP ORDNANCE

DIVING DIESEL SHOP TELETYPE SHOP FIRE CONTROL

DING SHOP ENGRAVING SHOP ELECTRONICS CALIBRA DRAFTING

VALVE SHOP TtON LAB PRINTING

TOOL ROOM
PATTERN SHOP

Figure 2-1. Organization of repair department on typical repair ship (AR).

department under a weapons repair officer.
Another difference is in the location of the
shops you will work in. On all types of repair
ships, you will probably be assigned to the R-1
or R-2 division. The pattern shop is normally
within the R-1 division organization; however,
depending largely on the ship's structure, the
pattern shop could be within the R-2 division
organization. Regardless of the division, your
duties will be the same.

The duties of personnel in the repair depart-
ment vary somewhat according to the type of ship.
However the following description of personnel
functions will give you a general idea of the way
things are in most repair departments.

REPAIR OFFICER

On a repair ship or tender, the repair officer
is head of the repair department. As head of
the repair department, the repair officer is
responsible under the commanding officer for
the accomplishment of reps irs and alterations
assigned by competent authority to be accom-
plished on the ships tended or granted avail-
abilities. The repair officer is also responsible
for the accomplishment of repairs and altera-
tions to the ship itself (terbier or repair ship)
that are beyond the capacity of the engineering

65.10 (AR)

or other departments. It is the responsibility
of the repair officer to maintain a well
organized and efficiently operated depa..tment,
or, in other words, ensure that his subordinates
are performing as required. To do this, he issues
and enforces repair department orders which
govern department procedures. Like other de-
partment heads, he is also responsible for
enforcing orders of higher authority. He must
know the current workload and capacity of his
crew and facilities, and keep the staff maintenance
representative informed of the current status
in order that the latter officer may properly
schedule and assign ships. He is responsible for
the review of work requests received via the
staff maintenance representative from the ships
assigned for repair, and for acceptance or
rejection of the individual jobs according to the
capacity of his department. He is responsible
for the review and acceptance of any work
lists or work requests which develop after an
availability period has started. He is also re-
sponsible for operating his department within
the allotment granted, and for the initiation of
requests for further funds, if required. He must
ensure the accuracy, correctness, and prompt-
ness of all correspondence, including messages,
prepared for the commanding officer's signature.
The repair officer is charged with the review
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Figure 2-2.Organization of repair department on fleet ballistic missile submarine tender (AS).

of all personnel matters arising within his
divisions such as training, advancement, assign-
ment to divisions, and leave. In order to acquire
a thorough knowledge of conditions and ensure
adequate standards, he must make frequent
inspections of his department and require his
division officers to make corrections as
necessary.

16

Specific duties of the repair officer vary
somewhat, depending upon the type of repair
ship or tender. In general, however, a summary
of the repair officer's duties include the followings

1. Planning, preparing, and executing sched-
ules covering alterations and repair work as-
signed to the repair department.
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2. Establishing and operating the Planned
Maintenance Subsystem .31 the 3-M System.

3. Coordinating repair capabilities, work as-
signments, and available personnel to ensure
maximum utilization of manpower.

4. Supervising and inspecting repairs and
services to ensure timely and satisfactory com-
pletion of work; providing controls for quality
control.

5. Preparing records, reports, forms, and
orders in connection with repair functions and
duties.

6. Ensuring proper operation of all equipment
and material assigned to the repair department.

7. Ensuring strict compliance with safety
precautions and security measures.

8. Reporting progress of major repairs and
alterations to the com manding officer; keeping
the executive officer informed; reporting prompt-
ly any inability to meet scheduled completion
dates.

ASSISTANT REPAIR
OFFICER

In the absence of the repair officer, the
assistant repair officer is charged with the
responsibilities of ithe repair officer. As the
assistant repair officer, he is the personnel
administrator for the repair department. Under
his cognizance are the assignment of personnel,
the adm,.nistrative control of the repair office,
and the depa client control of training.

Specific duties of the assistant repair officer
may vary somewhat, depending upon the type
of repair ship or tender. In general, however,
the duties of the assistant repair officer include
the following:

1. Assigns persorinel to divisions, schools,
shore patrol, and beach guard.

2. Maintains a basic knowledge of applicable
courses, schools, and rating programs necessary
to further the men's education and their advance-
ment for the benefit of the men, the ship, and
the Navy.

3. Maintains the office stores and accounts.
4. Assists the repair officer in all matters

pertaining to general office routine, current
availabilities of ships assigned to the repair
ship or tender, and liaison between the repair
office and the ships alongside, and shipyards.

5. Reviews all work requests on receipt.
6. Assigns work and priority rating to the

divisions and shops.
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7. Maintains liaison with the supply depart-
ment for materials on order, or to be ordered
for the work requested.

8. Procures the necessary blueprints,
sketches, or samples for the shops,

9. Schedules the serves of tugs, cranes,
and technical services, as available, for suc-
cessful completion of an availability.

10. Surveys the reports from the shops to
ascertain the successful completion of all work
during the allotted time.

11. Analyzes man-hour shop reports to deter-
m'ne an even balance of work versus personnel
assigned. Regulates the coordination between
the repair office and the shops towards the full
productive capacity of the repair facilities.

OTHER ASSISTANTS

In addition to the assistant repair officer,
there are usually several other officers who
assist the repair officer in the performance of
repaor department functions. These may include
a production engineering assistant, a repair
assistant, a radiological control officer, a de-
partment training officer, and an administrative
assistant.

DIVISIoS OFFICERS

Each division within the repair department
is under a division officer. The division officer
may be a commissioned officer, a warrant
officer, or a chief petty officer. The duties of
the division officer vary, of course, according
to the nature of the work done in the division.

ENLISTED PERSONNEL

As a Patternmaker assigned to the repair
department of a repair ship or tendei , you will
work with men in a number of other ratings. It
will be very much to your advantage to learn who
these people are and what kind of work they do.
Ratings that are often assigned to the repair
department include (but are not limited to) the
following: Opticalmen, Electronics Technicians,
Radiomen, Tire Control Technicians, Gunner's
Mates, Draftsmen, Lithographers, Hull Mainte-
nance Technicians, Molders, Machinery Repair-
men, Machinist's Mates, Boiler Technicians,
Boiler Repairmen, Enginemen, Electrician's
Mates, and I. C. Electricians. Ratings with which
you will work closely, especially on castings,
are the Molder, the Machinery Repairman, and
the Hull Maintenance Technician.
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You can get some idea of the )rk done by
men of these ratings by looking through the

anual of Qualification for Advancement, NAV-
litS 1-1'1'1 (revisd). You can also learn about
the work of these ratings by observing how the
wwk is handitli in the repair department. In
handling ren tir work, it is often necessary for
two or tno:.4 shops (and two or more ratings)
to cooperate in order to complete corrective
maintenance actions.

REPAIR DEPARTMENT
Slic)PS

Each shoi in the repair department is as-
signed to one of the divisions. As a Patternmaker,
you will by concerned primarily with the pattern
sh T. Ilower, you will find it very useful to

as much as you can about the other shops.
Atter you have gotten acquainted with personnel
in your own shop and have learned to find your
way around your own working spaces, make an
effort to find out something about the other
shops in the division and department. Find out
where each shop is located, what kind of work
is done in each shop, and what administrative
procedures are necessary when one shop must
call on the services of another for assistance
in completing corrective maintenance actions.

On most repair ships and tenders, the pattern
shop will be combined with the carpenter shop
and will be responsible for all kinds of work
involving the use of wood. However, the pattern
shop's primary mission is the production of
patterns for the foundry. Thus, it is obvious
that the shop layout and work schedules in a
combined pattern and cal punter shop must be
flexible to allow for the various sizes of jobs
which may be scheduled.

Shop layout and arrangement vary somewhat
from one ship to another, depending upon the
space available, the nature and amount of equip-
ment provided, and the services that must be
provided by the ship.

PATTERNMAKING

Patternmaking and foundry practice (found-
ing) are two of the various crafts or trades
comprising the metal industry; patternmaking
is one of the most important of these skills but
is probably the least understood. Patternmaking
and founding date hack to the very first time man
created implements for his own use by pouring
liquid metal into a simple mold.
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Patternmaking is the process consisting of
forming in wood, metal, plaster or plastics (to
exact specifications) patterns of inventions, tools,
machinery parts, and other items. The pattern
is used as a tool in the foundry for making
a mold of appropriate material for the sole
purpose of casting liquid metal into the required
size and shape. Founding includes the making
of a mold from an appropriate mold material,
the selection and melting of the proper metal
or alloy, and the pouring and cooling of the
liquid metal in the mold cavity so that sound
usable castings result.

To meet the demands of patternmaking and
founding, a Patternmaker must be able to use
all of the conventional and certain special wood-
working tools (hand as well as mechani.m1), read
blueprints, and visualize the shape and form of
the pattern to be constructed. In addition, he
must know woods and other pattern materials
in order to select the material best suited. He
must have a working knowledge of foundry work
and machine shop practice, Moreover, the
Patternmaker must be able to compute metal
shrinkage for the construction of a pattern that
is accurate to within 1/64 of an inch of the
desired dimensions given by the engineering
designer. Therefore, patternmaking and found-
ing are closely related trades, particularly as
founding applies to the practice of producing
objects from metal by one of the casting
processes.

Because of the importance of foundry prac-
tice, castings are usually classified by using the
terminology of the method of molding, the casting
process, and the mold material. Whichever com-
bination is used in the production of a casting,
it is controlled by certain advantages and limita-
tions of the variety of materials to be used in
constructing the mold.

Casting processes offer the engineering
designer the greatest possible variety of design
features and metallurgical properties. There-
fore, among the different processes available for
shaping metal, the casting process is the most
flexible. Without a pattern of some description
the foundries of today would find it very difficult
if not impossible to operate.

Before foundry practice was developed into
a highly technical skill, most decisions per-
taining to pattern construction and the method
to be used to produce the cast part were made
by the Patternmaker. Pattern construction rather
than mold design was too often the primary
consideration. Now though, it is fully realized
that the pattern is merely a means to an end;
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the mold's design, with which a metallurgically
sound casting may be produced, is considered
before the pattern is made. Experience has
shown that sound castings are consistently
produced in the most economical manner when
supervisory personnel, representing the shops
concerned with the several phases of a casting's
production, cooperate in planning the production
method. Pooling the skills of such a planning
team is necessary to create a sound pattern
design that will produce a serviceable casting
free from sand, shrinkage, porosity, hot tt rs,
cracks, blow holes, cold shuts, drops, rat tails,
pin holes, and other imperfections.

To define a pattern accurately in all its
aspects is difficult, but in simple terms a pattern
is a model or guide with which a mold is made.
From the Molder's viewpoint the model (pattern)
is an imitation of a part that is to be made from
metal. The pattern is constructed with certain
modifications in order that the Molder may
accurately duplicate it in molding sand. Core
prints are attached to the pattern for support
of the dry sand cores that will form the interior
part of the casting. Additional metal thickness
(finish) is added to provide for final machining
of the casting. The pattern is also made slightly
oversize to compensate for the natural shrinkage
or contraction of the metal as it cools to room
temperature.

The mold is actually a negative print of
the pattern in molding sand. The pattern must
be removed from the sand, leaving an undamaged
cavity that can be filled with molten metal. To
remove (draw) the pattern from the mold, a
parting line (parting) and draft must be provided
on the pattern. Prior to the construction of the
pattern, these things must be determined and
they are as much the responsibility of the Molder
as they are of the Patternmaker. In effect, the
plan for the molding procedure is set t.p before
the pattern is even started.

Where does this pla i for the molding pro-
cedure come from? Actually, there are two
common sources, either an old casting or a
blueprint. If the source is an old casting, the
planning will be simplified. The metal of the
old casting must be identified, the parting line
and the amount of draft must be determined,
and the sections (interior or exterior) that are
to contain a core are established. A close
visual inspection of the old casting will provide
the answer to most of these questions. The
parting line can usually be determined by a thin
line of metal (fin) protruding a short distance
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from the side of the casting. The draft extends
from the parting line on a slight angle to the
surface that is away from the parting line. When
the source of a plan is a blueprint, it becomes
necessary for the Molder to read and interpret
the blueprint if he is to assist the Patternmaker
in planning the construction of the pattern and
the mold. (Additional information on blueprints
and blueprint reading may be found in chapter
9 of this training manual and in Blueprint Reading
and Sketching, NAVPERS 10077-C.)

FOUNDRY WORK

Founding or foundry practice, involves four
basic procedures: molding, coremaking, melting
and pouring molten metals, and cleaning and
finishing. Each of these basic procedures may
be considered a trade within itself, and each
requires special skills and knowledge that are
peculiar only to the foundry. Briefly, the four
basic procedures in the production of a casting
are described in the following paragraphs.

The MOLD may be considered the heart of
the foundry because it represents the center of
all activities and other phases of foundry prac-
tices are grouped around it, The purpose of
a mold is to form a cavity with accurate dimen-
sions that will hold and support molten metal
until it beco lies solid. A mold is constructed
of tempered sand bonded with clay or binders
that is rammed in a flask and around a pattern
that has the required shape and size for the
&sired casting. Provisions are made for the
opening of the mold and the withdrawal of the
pattern. An opening is provided for introducing
the molten metal into the mold cavity left when
the pattern is removed.

COREMAKING is closely related to the mold
because the core actually becomes a part of the
mold prior to pouring of the molten metal. The
purpose of a core is to form a cavity within the
casting or to aid the Molder when the surface
of the mold cavity is irregular or difficult to
form mok:ing sand. The core has a difficult
job to perform and therefore core sand mi:ttures
require a special treatment. The sand from
which the core is made is prepared from mate-
rials that provide the core with the ability to
occupy these cavities in the mold without col-
lapsing. The prepared sand mixture is rammed
into CORE BOXES that will give the core the
desired shape. The core box is removed from
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the core and the core is placed on a flat metal
plate and baked in an oven to fully develop the
properties that are characteristic of the materials
that are used in the core said mixture. After
finishing and assembly, the core is placed in
the mold cavity where it serves to form part
of the interior or exterior of the casting.

MELTING and POURING of metals is a
science that requires the utmost accuracy and
skill if sound usable castings are to be pro-
duced that will meet the rigid specifications
set forth by NAVSHIPS. Melting is done in units
called FURNACES, either oil-fired or electric.
Heats are prepared from basic metals and
placed in the furnace. The furnace operator
melts the metal and brings the temperature
up to the required pouring temperature. When
the metal or alloy is ready for pouring, the
metal is tapped from the furnace into ladles,
transported to the mold, and poured into the
mold cavity through the opening in the mold
provided by the :Molder. As the metal becomes
solid, the casting will assume the shape of the
original part or pattern from which the mold
was made.

After cooling to room temperature, the mold
is opened and the sand is removed from around
the casting. The casting is now ready for the
final phas, of producing a casting, CLEANING
and FINISHING. When a casting is taken from
the mold there is a certain amount of sand that
will adhere to the surface of the casting. High
temperature metals will fuse or penetrate the
sand to depths of varying degrees. Therefore
the sand must be removed by sand blasting, wire
brushing, or chipping prior to the machining
of the casting. All cores must be knocked out
of the casting, all projections not part of the
zinished casting are to be removed, and all
as-cast surfaces must be smooth. Any defect(s)
in the casting must be found, and repaired if
possible; when repairing is not possible, the
casting is rejected and another made.

In the Navy, these founding practices are
accomplished in foundries which are classified
according to the type and volume of work
accomplished.

The equipment required for a specific class
foundry, however, is determined by its intended
services. For example, a foundry that is capable
of casting steel, cast iron, brass, and bronze
up to 800 pounds maximum weight, would have
two electric furnaces (capacity 500 pounds each),
one oil fired furnace, one sand muller (3 cubic
foot), one or two core ovens, one sand blast
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cabinet, one metal cutting bandsaw, and one
floor grinder.

Unlike the above class foundry, another in-
tended service class foundry may be established
at approximately 300 pounds for brass and
bronze. In this instance, some of the equipment
necessary for the 800 pound foundry would not
be required in a 300 pound foundry. Therefore,
carious foundries will have limited equipment
.formally based on the intended service.

Classes A, B, r, D, and E representfoundries
designed for five types of services in accordance
with the type of metal used or quantity of metal
poured. However, due to variations within a
class, the type of equipment allowance for each
specific ship will be determined by its intended
service, as indicated in the ship's specifications.

Class A foundries are capable of casting steel,
cast iron, brass, and bronze, up to 800 pounds
maximum weight; and casting aluminum, babbitt,
and zinc up to 200 pounds maximum weight.

Class B foundries are capable of casting
steel on a limited basis up to 500 pounds; cast
iron, brass, and bronze up to 700 pounds; and
aluminum, babbitt, and zinc up to 200 pounds.

Class C foundries are capable of casting
steel on a limited basis up to 300 pounds, and
cast iron up to 400 pounds on a limited basis.
Brass and bronze up to 600 pounds, and aluminum,
babbitt, and zinc up to 200 pounds, can be cast
in Class C foundries. In foundries of this class,
an oil-fired furnace is used when electric power
is limited.

Class D foundries are capable of producing
castings principally cif brass and bronze up to
600 pounds, and only a limited amount of cast
iron where additional air is available for higher
heat input.

Castings of brass and bronze up to 300 pounds,
and low temperature allows up to 100 pounds,
can be produced in Class E foundries. Although
cast iron may be melted in Class E foundries,
it is costly to do so. A knowledge of the capacity
and heat output of the furnaces aboard your ship
or station will enable you to determine the
maximum weight casting of a certain alloy that
can be produced with this equipment. In addition,
the molding method employed, and many other
factors will determine the soundness of the
casting which can be produced.

FOUNDRY PROCESSES

The selection of the proper casting process
best suited for a design depends on both the
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technical and economical aspects; that is, such
features as size and shape, section thickness,
dimensional tolerances, finishing requirements
and the number of castings to be produced,

Because each casting process has its own
limitations and possesses certain design re-
quirements, a general acquaintance with the
various casting processes commonly used in the
Navy is necessary. The various casting proc-
esses and their effect upon certain pattern
construction features described in the
following paragraphs.

SAND CASTING PROCESS

Of all the casting processes used in the
production of castings, the most common is the
sand casting method. In the sand casting method,
sand is used which contains sufficient refractory
cl'.y substance to bond strongly without destroy-
ing the venting quality when it is rammed to the
required degree of hardness for tie size and
shape of the casting.

Based upon the sand conditionirg treatment
prior to use and before the casting is poured,
molds may be green sand, dry said, or skin-
dried.

Green Sand Molding

Green sand molds may be of naural bonded
sand or synthetic (all purpose) sand and can be
poured as soon as they are rammed.

Molds made from natural bonded sand contain
a sufficient amount of clay bond either present
when the sand was taken from its deposit site,
or added before shipment to make the sand
suitable for immediate use. Adding moisture and
tempering ;s the only treatment necessary before
use. Molds made from synthetic siaid are made
by mixing correct proportions of an untended
sand and a suitable binder such as clay, and
tempering the mixture before use.

Detailed information on molding sands used
for ferrous and nonferrous metals and alloys
may be found in the Navy Training Manuals
prepared for the Molder rating.

Dry Sand Molding

A dry sand mold is slowly baked in an oven
before it is used. Dry sand molds are generally
used for heavy castings. Dry sand molding has
certain disadvantages. The rigidity of the mold
resists metal contraction during the solidifica-
tion of the casting; this resistance is sometimes
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great enough to cause the casting to crack. On
the average, however, dry sand molds provide
the best type of molding process for producing
heavy castings which will be dependable under
normal operating service conditions.

The hard mold surface of a dry sand mold
enables it to (1) withstand the eroding action
and the force of the flowing metal, and (2) support
the weight of large volumes of metal. The baking
of the mold eliminates moisture, lessening the
possibility of the formation of mold gases and
rapid chilling of the metal.

Skin-Dried Molding

A skin-dried mold is one that has been
surface heated with a torch; it is used when the
requirements call for a mold having the surface
characteristics of a dry sand mold, combined
with the collapsibility of a green sand mold.
Skin-dried molds may also be used when an
ove:i is not available for baking a dry sand mold.
When using a skin-dried mold, the melt (liquid
metal) must be ready to pour as soon as the
mold is completed. The effect of skin-drying
will be lost if the mold is allowed to stand, since
moisture from the backing sand will penetrate
back to the mold cavity surface.

Bench, Floor, and Pit Molding

Molds may be classified according to size:
bench molds, floor molds, or pit molds. Bench
molds are those small and light enough to be
handled by one man; most of the molds required
in Navy work will be of this type. A mold that
is too large for one man to handle is usually
constructed on the foundry floor. Pit molds are
used when the size of the casting requires a
mold constructed in a large pit in the foundry
floor. A Navy Molder will rarely, if ever, have
to construct a pit mold.

Shell Molding

Shell molding is a sand molding process
consisting of the direct application of heated
metal patterns and thermosetting plastics. This
procc ss takes advantage of the thermosetting
properties of the phenolic resins to bind the fine
sili( a grains of sand in the construction of a
mold, The shell molding technique is used for
making castings in a mold that is merely a
shell of sand varying in thickness from I/8
to 3/1d inch, depending upon he weight add
size of the casting.
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Some of the advantages of shell molding
are:

1. 13 casting quality.
2. oser tolerances.

Minimized burn-in, resulting in cleaner
castings.

4. Better as-cast surface finish.
5. Sounder castings.
6. Minimized locked-in stresses.
7. hinriz castings per ten of metal poured.
8. Greater machinability.
9. Greater pickup of detail.

10. Thinner sections may be poured.
11. Need for chaplets is reduced.
12. Lightness of molds results in lower mold

cost.
13. Less sand handling, resulting in cleaner

working conditions.

SPECIAL MOLDING
PROCESSES

The previously mentioned molding methods
are the methods and processes most commonly
used in the Navy. However, several other methods
of producing castings are available to the
foundryman: plaster, permanent, precision in-
vestment, centrifugal, and slush molding. A
brief description of these special processes is
given in the following paragraphs.

Plaster Mold Casting

Plaster molding is a definite refinement of
the sand casting method of producing castings.
The patterns used for this process are not
subjected to the abrasion action of the mold
material as in sand molding. In contrast to
other methods of casting metals, plaster mold-
ing uses an investment material such as gypsum
(plaster of parts) to provide the controlling
factors cur liquid metal poured into molds that
are properly treated with water and dried. To
the mold investment material various other
ingredients, such as talc, asbestos fiber, silica
sand, or silica flour have been added to obtain
the required mold properties.

When properly employed, plaster molding
produces a mold that will result in a casting
with a smooth casting surface, free from holes,
surface marks, and other casting defects. In
addition, this method makes possible the exact
duplication of the fine detail of the pattern.

. The plaster mold is made by placing a suit-
able frame (flask) over the pattern and pouring
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the prepared liquid investment (slurry) into
the frame. When the investment sets, (hardens)
the pattern is removed from the mold and
processed by heating to dehydrate the finished
mold. The parts of the mold (cope, drag, cores,
etc.), are then assembled and poured.

Due to the insulating characteristics of the
dehydrated mold, a lower pouring temperature
than is required for the sand casting method,
may be used without danger of premature
solidification (freezing) of the casting.

Permanent Mold Casting

The term "permanent mold" is somewhat
of an incorrect designation, as there is no
truly permanent mold. However, the term is
applied to that type of foundry mold made of
metal or a refractory material capable of being
used to produce a large number of castings.
Castings made from permanent molds are some-
what finer in grain structure than those cast by
the sand casting method due to the more rapid
solidification of the metal. Therefore, machining
of small castings made from permanent molds
may be eliminated because of better surface
conditions of the metal.

Erosion of the metal mold caused by high
pouring temperature is the limiting factor in
determining the life expectancy of the per-
manent mold. Therefore, the first consideration
in the mold construction is the proper selection
of the best material at the most economical
cost. Cast iron, steel, brass and bronze are
the materials used in metal molds. (Cast iron
is the most commonly used.)

Other factors to be considered for the life
expectancy of the mold depend on the charac-

istics of the metal being cast, the mold
design, mold construction, and the basic design
of the finished casting.

Precision Investment Casting

Precision investment casting is a modern
version of the Lost Wax Process where the wax
pattern is embedded in an investment of silica
sand instead of refractory clay.

The process begins with the preparation of
one or mare patterns which are made oversize
to compensate for the shrinkage upon solidifica-
tion of the metal in the manufacture of a metal
mold. The mold is finished and used to produce
the required number of wax patterns. From the
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wax patterns (pattern, sprue, runner, and gates
attached), a silica sand investment mold is made.

When the investment hardens, the mold is
inverted and heated to melt out the wax pattern,
thus producing a mold cavity having the exact
shape and size of the pattern.

Centrifugal Casting

In centrifugal casting, liquid metal is poured
into a rotating mold (either sand-lined or carbon
or permanent). The speed of the rotating mold is
limited and controlled by the size and weight
of the casting. While the mold is rotating, a
centrifugal force of 75 times the force of gravity
is produced to force the molten metal against
the mold wall and hold it there until freezing
(solidification) of the metal.

The pressure created by the centrifugal
force, produces desirable characteristics in the
casting, such as: greater density, freedom from
gases, and freedom from inclusions.

Castings produced by the centrifugal casting
method have a better surface finish and require
less machining on the outer surface than sand
castings. However, they require more machining
on the inner surfaces due to the lightness of
the impurities in the molten metal; the im-
purities are forced to the inside of the mold
by the greater centrifugal force of the heavier
metal.

Centrifugal castings have a finer grain
structure and better mechanical properties than
ordinary sand castings. In addition, it is possible
to produce thinner walled castings (such as
cylinder liners, piston rings, engine cylinder
barrels, and pipe) than by any other casting
process. The thickness of the casting depends
only upon the amount of molten metal that is
introduced into the mold.

Slush Casting

Slush castings of a small nature are made
by utilizing sand or metal molds to produce
thin walled castings primarily for ornamental
or statuary work. In this process, the metal
is allowed to cool long enough to form a shell.
As soon as the desired thickness of the shell
is obtained, the mold is inverted and the re-
maining liquid metal is poured out, leaving a
hollow center in the casting. This casting
process is used only for castings of the lean
and zinc alloys.

Lost Wax Process

One of the oldest and most fascinating
methods of casting metals is the CIRE PERDU
or LOST WAX PROCESS. The lost wax process
was used by the ancients in the casting of
statuary bronzes. Castings have been found that
were molded and cast before 3000 B. C. Even
today, to the average person, including a vast
army of foundrymen (Patternrnakers and
Molders), the entire process is wrapped in
mystery.

Basically, the process involves making a
wax pattern or model over which a semiplastic
or plastic refractory clay is poured or worked
about the pattern. The refractory clay (mold) is
allowed to dry and harden after which it is baked.
During the baking, the wax melts and runs out of
the mold, leaving a cavity to be filled by the
metal being cast, duplicating the fine detail left
by the wax pattern. The mold is provided with an
aperture or gates for the removal of the melted
wax and for pourfqg o: the molten metal. Small
holes or mold vents are also provided to release
any trapped gases during the pouringof the metal.

Because of the melting of the wax (destruction
of the pattern) in the evolution of making the
meld, the lost wax process is slow and very
expensive. However, the basic principles of the
lost wax process are used in the manufacture
of castings by the precision investment method.

An interesting fact is that the Navy Dental
Technician also uses the basic principles of
the lost wax process and centrifugal casting in
the manufacture of dentures.

ELEMENTS OF A MOLD

A mold is a form into which molten metal is
poured to produce a casting. A number of dif-
ferent materials (loam, cement, plaster of parts,
metal) may be used to construct molds, but in
the Navy foundries the basic molding material
is always sand. This sand may be natural bonded,
or it may be synthetic (all purpose).

Besides the factor of good sand control,
there are a number of other requirements that
must be met in constructing an adequate mold.
The sand must be properly rammed; the pattern
must first be properly set in the mold, and later
properly withdrawn; the system of sprues and
gates must be designed so that the molten metal
will flow freely into the mold cavity; risers

23



PATTERNMAKER 3 & 2

must be provided, in all but the simplest cast-
ings, as a reservoir of hot metal to com-
pensate for shrinkage as the casting solidifies;
and molds must be vented to permit easy escape
of gases.

Some applications will require the use of
cores, to provide for bolt holes, bosses, etc.,
on the finished casting. It may be necessary to
use chaplets to hold such cores in place. In
occasional cases, facing nails must be used to
lock the mold cavity surface with the body
of the mold. In heavy sections of a casting,
chills may be needed to ensure directional
solidification.

A single design that might be invariably
followed in constructing a mold is not feasible,
since the kind of pattern, and the material, size,
and operating requirements of the castings,
necessitate many variations. This chapter,
therefore, is not designed to tell you how to
construct the ideal mold. Its purpose is rather
to give you the general principles of mold
design.

The size and shape of the casting determine
the kind of mold to be used as well as the de-
tails of its construction. Nevertheless every
mold has several common component p.ols.
Obviously, a mold requires a cavity having the
shape of the desired casting. Of equal import-
ance, though, is the means provided for the
ehtrance of molten metal and the provisions
made for insuring proper solidification, and thus
a sound casting. Normally, the parts of a mold, in
addition to the cope, drag, and mold cavity, are
the pouring basin, sprue, gate, riser, and vents.
Sometimes, a core may be required.

The path of the molten metal is as follows:
Molten metal is poured into a basin located in
or on the top of the cope; from there it passes
down a vertical sprue through the cope, and into
a horizontal channel or gate that is cut in the
parting plane of the drag and leads into the
mold cavity. These basic elements are shown
in figure 2-3. The riser and vents, also 11-
hu.trated in the figure, are not a part of the
design for conducting the molten metal from
ladle to mold cavity. However, vents always,
and risers usually, are necessary to the casting
process.

MOLD CAVITY

For very simple castings, the molding cavity
may be confined to the drag portion of the
mold, but in most cases you will ram up your
pattern so that the mold cavity is in both cope
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68.1
Figure 2-3. Basic parts of a mold.

and drag, in relatively equal proportions. The
procedures that you should follow in constructing
the cavity are discussed in a later section of
this training manual.

The fundamental requirement is that, after
drawing the pattern, you have a cavity left
that is essentially the size and shape of the
casting to be made.

Sprues, gates, and risers are rammed up
at the same time as the pattern. After the
pattern is withdrawn, the Molder can add any
required finishing touches to sprees and gates.
Such finishing touches would be slicking town
the sand, and rounding off sharp edges.

POURING BASIN
AND SPRUE

Several designs of pouring basins are satis-
factory. A tapered, conelike cavity can be formed
directly over the sprue; this is probably the
most commonly used design. However, the basin
may also be shaped like the mouthpiece of
a trumpet, or it may be located alongside the
sprue. Typical pouring basin designs are
illustrated in figure 2-4.

A pouring basin of the type shown at A in
figure 2-4 has the diameter at the top of the
cup about 2 1/2 or 3 times that of the sprue,
and has the cup walls at a steep angle. The
depth of the cup should be slightly less than the
diameter at the wide part. This is the general
type that you should use on molds with a sprue
diameter of 2 inches or more.

The type of pouring basin illustrated at B
in figure 2-4 is used for castings' where the
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C

68.2
Figure 2-4. Pouring basins.

sprue is less than 2 inches in diameter. The
diameter at the top of the basin should be
about three times that of the sprue, and the
depth of the basin should be slightly less than
the diameter. The shape of this bas!, provides
a larger metal capacity than does the cone-
shaped type of similar dimensions; it enables
you to pour the metal without splashing, and to
keep the cup filled while the casting is poured.

The type of basin illustrated at C of figure
2-4 utilizes the damlike entrance to the sprue
to separate the slag from the molten metal.
Like types A and B, of figure 2-4, this pouring
basin mist be wide enough and deep enough to
prevent the splashing of metal during pouring.
The basin must be adequate for the sprue, and its
capacity must be sufficient to permit pouring
without splashing. The basin may be constructed
either in the cope or as a separate structure on
top of the cope, depending upon the amount of
space that is available in the cope.

Unless the basin is kept filled during the
pouring procedure, it will fail to serve its
function of excluding slag and dirt from the
mold. Since the slag and dirt rise to the top
of the molten metal, the chances of keeping it
out of the mold cavity are better if you can
fill the pouring basin before any metal runs
through the sprue.
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GATES

The gate is an opening between the sprue
(or runner) and the mold cavity, providing a
channel for the molten metal. Actually, few
molds are made with a single gate, since
multiple gating ensures rapid filling of the mold
cavity, and prevents the concentration of hot
spots. However, in discussing the various types
of gating systems, we can speak of each type
as a single gate.

Gating from the top of the mold cavity leads
to turbulence in the molten metal, and is likely
to cause erosion of the molding sand. Gating
from the bottom of the mold cavity cuts down
turbulence and erosion, and is a practical aid to
the production of clean castings.

Regardless of type of gate, there are certain
important principles necessary in producing
sound castings:

1. A gate must be small enough so that it
is kept full of molten metal during pouring.

2. The gate must be large enough to admit
a sufficient amount of metal to fill the cavity
before the metal freezes and stops flowing.

3. Size, shape, and cross-section thickness
of the casting help to determine the type of gate
to be used.

4. Gates should be placed where it will be
easy to grind the casting true.

Unless the type of gate that is used is
capable of feeding the required amount of metal,
there may be a malformation of the casting.
To ensure proper feeding for the various sizes
and shapes of castings, the foundry industry
has developed a number of different designs for
gating.

PARTING LINE GATES are easilyconstruct-
ed; in most cases they are simply channels,
between sprue and mold cavity, cut in the drag
of the mold parting joint. Figure 2-3 illustrates
a mold with a parting line gating system.

BOTTOM GATING is especially good for
working with bronzes or with alloys that have
a tendency to drossing. This type of gating
introduces the metal into the cavity with a
minimum of turbulence. Figure 2-5 illustrates
a mold gated with a bottom gating system.

TOP GATING is suitable for use only if the
mold is capable of withstanding erosion, and if
the casting metal is nondrossing.

STEP GATES illustrate a type of combination
gating system that includes the good features
of both top and bottom gating. Each gate is
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constructed with an upward incline, as indicated
in figure 2-6. The first metal in the mold
enters through the bottom gate; as the cavity
fills, a higher level gate becomes active.

WHIRL GATES combined with parting gates
are a useful device for collecting and trapping
dross, dirt, and eroded sand. This combination
develops a swirling action which washes dirt and
sand on top of the metal stream into the riser.

A SKIMMING GATE is advisable in cases
where dirt-free castings are required. The
skimmer is very much like a riser, but its
primary function is to receive excess liquid
metal rather than to feed it.

COPE

MOLD
CAVITY

DRAG

11O? OM
ROARO

POURING RASSAI
WEIGHT -stk

GATE CORE

68.3
Figure 2-5. Mold gated from bottom, with gate

core used to prevent cutting.

CASTING STEP GATES

Figure 2-6. -- Step gating.

Skimming gates are rarely used except
where clean castings are definitely required,
since the use of this type of gate demands mare
metal than would ordinarily be melted for a
casting of the specific size.

PENCIL GATES can be used when a rela-
tively large volume of metal must be rapidly
introduced into a thin casting. These gates have
a circular cross section and are usually em-
ployed in clusters.

HORN GATE, which is just what the name
suggests, is a common design for a bottom
gate. It is a circular-shaped gate or sprue form
having a rectangular or round cross section,
and is used when the molten metal is to enter
the mold cavity well below the parting line.

RISERS

When a casting is bulky, and slow to solidify
in the center, the gating system alone is not
enough to feed the casting; this is because the
gate, which must be kept relatively small, could
freeze completely while the bulky part of the
casting is still liquid. The dam produced by
the solidified metal in the gate would obstruct
any additional feed to the casting. When feed
is obstructed, the shrinkage that occurs as the
casting solidifies will leave cavities in the
finished casting.

The use of risers to feed the casting is
designed to prevent this type of cavity from
developing. The riser, of course, must be large
enough so that the metal for which it serves
as a reservoir will remain liquid until the
casting has solidified.

The principal funetiou of a riser is to serve
as a source of molten feed metal for those
portions of a casting that are the last to
solidify. Determine which sections of a casting
will need to be fed, and then design risers that
will supply these sections. It is important, too,
that you know the alloy used in the specific
casting, because solidification problems vary,
depending upon the type of metal involved.

There are a few general rules concerning
shape and dimensions of risers:

The SHAPE of the riser is ordinarily cy-
lindrical, in order to provide the greatest
practical ratio of volume to surface area. It is
important that this ratio be greatx for the
riser than for the section that it feeds. If the
metal in the riser and in the section were to

68.4 solidify at the same rate, the riser would serve
no purpose.
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A spherical shape has the smallest sur-
face area for a given volume, but it is not a
practical shape for an open riser. Blind risers
usually approximate the form of a sphere.
Rectangular shapes are inefficient, since their
corners rapidly solidify, and the effective porti
for feeding is limited to the largest ellipse
or circle that can be inscribed in the cross
section of the riser.

To determine the DIAMETER of the riser
where it contacts the casting section, draw a
cross-sectional view of the section, and inscribe
within it the largest possible circle. Measure
the diameter of the inscribed circle, and multi-
ply it by 1.5, to obtain the diameter of the riser
where it contacts the casting. The riser should
widen to a slightly greater diameter above the
point of contact, or neck.

A HEIGHT of 1 1/2 times the diameter
should give maximum effectiveness to the riser.
Do not be misled into thinking that giving added
height to the riser will ensure keeping the neck
area open, because of the added pressure from
the column of molten metal. Actually, you will
only be decreasing the number of casting that
can be poured from a given melt, since you
will be wasting metal to keep the too large
riser filled. Too short a riser is equally in-
efficient, since it will fail to provide sufficient
metal to compensate for casting shrinkage.

The open riser, cut all the way through
the cope, is easier to construct than the blind
riser. Further, it is open to the atmosphere,
and atmospheric pressure on the surface of the
metal in the riser operates to feed the casting.

The blind riser is more efficient in the de-
livery of feed metal. The dome shape, a closer
approach to the ideal spherical shape, makes it
more effective as a reservoir. Because the
riser is surrounded by sand, it does not lose
heat through radiation to the atmosphere. To
provide a specific amount of feed, therefore,
the blind risPe may be smaller than an open
riser; this results in a conservation of metal.

The same need for atmospheric pressure to
force feed metal into the casting exists in the
case of the blind riser. Here the pressure
passes through the permeable sand in the mold,
and is given access to the riser through a vent
core. The size of the vent core should be
proportional to the diameter of the riser.

The small gate through which a blind riser
is poured freezes soon after pouring is com-
pleted. Riser and casting then form a closed
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system. As shrinkage occurs in the casting,
a partial vacuum is created; atmospheric pres-
sure on the metal in the riser forces metal into
the casting, to relieve this vacuum.

VENTS

Molds must be vented to expedite the escape
of steam and gas generated within the mold as
the sand is raised to a high temperature. These
vents are made after the cope has been rammed
and struck off, by forcing the vent wire down
through the cope to the mold cavity.

Pressure of the molten metal against the
mold sand forces the steam (from the moisture
in the sand) to flow away from the casting, and
deeper into the sand. As it reaches sand that is
still cold, the steam condenses, and thus adds
more moisture content to this portion of the
mold. With the heat from the casting penetrating
deeper into the mold, the moisture is driven
farther away, until it is concentrated in a thin
envelope of sand surrounding the casting.

Once this impermeable envelope forms, the
steam is forced back into the casting which is
still liquid. These kickbacks of steam may carry
some sand with them; the result will be that the
casting will show blowholes and sandholes, or
streaks of unsound metal.

Besides causing these defects in the castings,
confined gases may build up pressure sufficient
to blow some of the liquid metal out of the mold.
Venting, therefore, is a very important factor in
obtaining good castings. Locating the vents is
also important; they must be within the im-
permeable envelope of sand, or else they will
prove utterly useless in providing for the'etscape
of gas.

BASIC DESIGN OF CASTINGS

The Patternmaker's major goal is the pro-
duction of precision patterns that will enable
the Molder to make sound castings. Many of
your jobs as a Patternmaker will involve
working from blueprints which give you a great
deal of information in concise form. Blueprints
give you the name of the part, the material to be
used, the number of castings required, the kind
of finish, and heat treatment data, as well as
the size and shape of the object. Yet, a lot of
important information needed to produce the
casting is not shown on the drawing. Usually, no
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information is given on how the pattern should
be constructed or how the part should be
molded. These details are left to the crafts-
manship of the Patternmaker and the Molder. It
is important, therefore, that the Patternmaker
confer with the Molder, and sometimes with the
Machinery Repairman and Hull Maintenance
Technician as well, before building the pattern.
In a few instances, however, when a certain
special result is required, the molding method
or the position of molding may be specified
on the blueprint.

When the design of the part is complicated,
it is often difficult to visualize the casting from
the print. Under these circumstances it is
helpful to construct a model, either to scale or
full size, to eliminate the possibility of error
in visualization. With this model you can better
visualize how the metal will enter the mold and
how it will solidify. It will help you to decide
how the casting is to be molded, and to see
more clearly the problems that will face the
Molder. It also will help you to plan the pro-
cedures for constructing the pattern.

The patterns made in the pattern shop must
be well planned, designed, and constructed to
enable the Molder to produce sound castings.
Normally, design is the responsibility of a
design engineer. Occasionally, the Patternmaker,
in cooperation with the Molder, may be called
on to create a new part or to redesign an old
part that has prematurely and repeatedly failed
in service. Therefore, it is the Patternmaker's
responsibility to know the sound, basic rules
of design or redesign so that the casting will
have the requisite strength and function prop-
erties that are required. A knowledge of the
basic engineering and foundry principles that are
fundamental to producing sound castings will
help in making good patterns.

BACKGROUND FOR DESIGN

In designing a casting, you must consider
and provide for the solidification characteristics
of the metal used. Molten metal solidifies $n
the mold as a gradually thickening envelope or
skin. The rapidity of this solidification is
governed primarily by the relation between the
section mass, mold surface area, and the
solidification range of the metal. Obviously,
other things being equal, the thinner sections
will solidify before the thicker ones.

During solidification of the metal, a pro-
nounced contraction takes place. This means
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that additional metal, more than that required
for the initial filling of the mold cavity, must
be supplied or fed to the solidifying casting to
ensure internal soundness. This additional metal,
stored in the risers, must remain liquid until
the casting has solidified. It is important that
the casting sections be proportioned and
positioned so that the sections most distant
from the risers solidify first. Subsequent
solidification then progresses toward the risered
section where the hottest metal is located.

While solidifying, the cast metal takes on
an increasingly rigid form. The solidification
is accompanied by contraction. The pattern's
shrinkage allowance must compensate for this
contraction or castings will not be the desired
size. This contraction in the cast metal is
opposed by the mold, and often by parts of the
casting itself because of its irregular shape.
This is likely to result in severe contraction
stresses; and castings then must be heat-treated.
The different cooling rates of thin and heavy
sections result in the cooling and severe
contraction of the thin sections prior to the
complete solidification of the heavy sections.
This results in stressing the partially solidified,
and still very weak, heavy section.

Besides solidification, the crystal structure
of metals requires consideration from the
designer. Most metals solidify by the forma-
tion and growth of crystals. The relative size
of the crystals is determined largely by the time
consumed in solidifying and cooling in the mold.
As this time is greater for heavy sections,
the crystalline structure of a heavy section is
correspondingly coarser than that of the lighter
sections. In the case of steel, coarse crystal-
lization means lower physical properties. With
the nonferrous metals, a separation of the lower
melting point constituents is likely to occur.

In designing a casting, follow the specific
design rules as much as possible. Try to sim-
plify the design wherever you can. Simple
designs reduce the patternmaking and molding
costs. If a complicated design is unavoidable,
check the possibility of making the part in
sections which later can be bolted, riveted,
or welded together. If possible, avoid using
loose pieces, deep pockets, or closer dimen-
sional tolerances than necessary, in the pattern.
Do not let the simplicity of shape fool you,
though. Frequently, those parts having what
appear to be simple shapes present the most
difficult feeding problems. For example, a
brick-shaped object is one of the most difficult
shapes to cast with complete internal soundness.
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Large, flat-plate castings or thin walled cy-
linders also look simple but pose some very
difficult molding problems.

SPECIFIC DESIGN RULES

There are several specific rules to follow
in designing a casting. One rule is to avoid
sharp angles by using gradt.il contours. The
shape of the casting section affects the metal
structure. Rounded corners are advantageous in
the formation of the crystal grains.

A design must also provide for the shrinkage
which occurs in metals when they change from
a liquid to a solid state. The parts must in-
crease in thickness progressively to points
where risers will provide the metal needed to
offset the metal shrinkage. A riser cannot feed
a section of uniform thickness for a distance
greater than approximately 4 1/2 times the
section thickness. Therefore, it is important
that casting sections having considerable length,
but not accessible for risering, be tapered

RISER

SHRINK DEFECT

A
INCORRECT

(NOTE SHRINKAGE IN RISER
AND CASTING

rather than uniform in cross section. Further,
the larger portion of the section should be near
the riser. Figure 2-7 illustrates two examples
of correct and incorrect methods of designing
for casting soundness.

Castings should be designed co that large
differences in cross sections do not exist. The
various sections should be as uniform as possible.
But at the same time, the length of uniform
sections must not exceed the ability of the
riser to feed the section. Heavier sections should
be tapered into the lighter one gradually, never
abruptly.

A minimum casting thickness must be main-
tained, The minimum cross-section thickness
through which a molten metal will normally flow
is indicated in the following guide:

Inch
Aluminum 1/8
Brass and bronze 3/32
Casi iron 1/8
Steel 3/16

SHRINK DEFECT

RISER

CORRECT
(NOTE SHRINKAGE IN RISER )

68.6
Figure 2-7. Use of taper in casting design.
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The sections should be no thicker than neces-
sary, but should be sufficiently thick to permit
the proper running of the metal in the mold.

In designing adjoining sections, there are a
few rules to follow. Figure 2-8 illustrates the
avoidance of sharp corners by using a curve to
avoid heat and stress concentration. Intersecting
members of equal cross-sectional thickness do
not create a molding problem if the joint loca-
tion can be directly fed by a riser. All too
frequently, though, it is impossible to feed these
members directly. One way to avoid an area
of excessive mass and at the same time obtain
a more uniform section thickness is to stagger
the intersecting members. Stagger the cross
members or ribs, and eliminate sharp corners
at adjoining sections. Do not bring more than
three sections together, because shrinkage and
porosity troubles occur most frequently at
member junctions. If the gradual blending of the
sections is not possible, use fillets at the
junctions,

Use fillets at all sharp angles, especially
at inside corners, to make the corners more
moldable and to eliminate a plane of weakness
resulting from a peculiar type of grain growth
which occurs at sharp internal angles. The ar-
rangement of the grain growth (crystals) is
so that the lines of strength are perpendicular
to the face of the casting. The size of the fillet
depends on several factors: the kind of metal,

STRESS 41111110CONCENTRATION
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SHRINKAGE
OR DRAW

the thickness of the wall section, and the shape
and size of the casting. Large fillets produce
nonuniform metal thickness and tend to cause
nonuniform cooling, resulting in a weak casting.
Fillets that are too large are just as bad as none
at all. A good rule is to make the radius of the
fillet one-half to one-third the size of the mean
cross-sectional thickness of the sections joined.
(See fig. 2-9.)

Bosses and pads should not be included in the
casting design unless absolutely necessary. They
increase the metal's thickness and create hot
spots which may lead to improper solidification
and to coarse grain structure. If bosses and
pads arr, used, they should be blended into the
casting by tapering or flattening the fillets.
If several pads are required for one surface,
they should be joined as a panel of uniform
thickness. (See fig. 2-10.)

If possible, design a casting so the surfaces
to be machined are cast in the drag section of
the mold. If such surfaces must be cast in the
cope section, you must provide an extra allow-
ance for the finish.

In addition to bosses and pads, a Pattern-
maker may be confronted with the problem of
designing ribs. The primary use of ribs is to
reinforce the casting without increasing overall
wall thickness. Properly designed ribs also
reduce the tendency of large flat areas to distort.

FILLET ADDEO TO ELIMINATE
CASTING STRESSES

23.6(68)Figure 2-8. Design for adjoining sections.
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A
SHARP

CORNERS

B
ROUND ON
OUTSIDE

C
FILLET INSIDE,
ROUND OUTSIDE

Figure 2-9. Grain structure created by fillets.

PANEL OF UNIFORM THICKNESS INSTEAD
OF MANY PADS

SHRINKAGE
OR DRAW

0
FILLET TOO LARGE;
ROUND TOO SMALL

68.6

For maximum effectiveness, ribs must not
be too shallow in depth nor too widely spaced.
Ribs should also be rounded at the edges, cor-
rectly filleted, and not more than 80 percent of
the casting thickness. When a reentrant angle,
an angle having toes projecting inwardly, is to
be made with ribbed strengtheners, casting
difficulties may be eliminated by using cores
to provide holes in the ribs. In this way, the
sectional mass of metal may be reduced at the
juncture of the rib and the angle, thus con-
tributing to proper metal solidification. This
background in casting design and foundry
principles should enable you to select the type
of pattern equipment most suitable for each
specific job.

GLOSSARY OF TERMS

The following definitions are of terms used in
chapter 3.

CHAMFER To bevel a sharp edge.

CONTRACTION RULE (shrinkage rule) A
rule having the graduations so enlarged as to
compensate for the lessening in the size of a
casting caused by the decreasing size of the
cooling metal.

23.10(68) CORNER TOOLA tool used for slicking the
Figure 2-10. Designing a panel to simplify corner of a mold, inaccessible to the ordinary

form of finishing tools.machining.
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COUNTERBORE The cylindrical enlargement
of the end of a hole for receiving and setting
the head of a screw below the surface.

DOWELS Pins of various types used on the
joint between the sections on parted patterns
or core boxes to assure their correct registering.
Also used on loose pieces for temporary attach-
ment to patterns or core boxes while sand is
being rammed.

JIG - Any device so arranged that it will expedite
a hand or machine operation.

LAYOUT BOARD A board upon which a layout
of a pattern is made.

PATTERN LAYOUT Full -size layout on aboard
of a pattern to be constructed using shrinkage
rule and showing its arrangement and structural
features.
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STRAIGHT EDGE Relatively long piece of
material having one or both edges a true plane.

SEGMENTAL CONSTRUCTION Building up in
a series of courses a pattern structure of seg-
ments with the alternating end joints occurring
midway between those of the preceding course.

TEMPLATE This piece of material with the
edge corresponding to a specific contour and
used as a guide for checking purposes.

WORKING EDGE Edge surface of a piece of
material that has been planed straight and square
with the working face.

WORKING FACE Surfitce of a piece of material
that has been planed true and that is to be used
as a basis for the dressing of all other surfaces.



CHAPTER 3

PATTERNMAKER HANDTOOLS

Although machines are used by the Pattern-
maker, a great deal of his work must be done
by hand as no machine has yet been designed
that can replace the skill of the Patternmaker
with his handtools.

Patternmaking requires the use of many
different woodworking tools and drawing instru-
ments, each of which is designed to do a specific
job. The skilled craftsman knows what each
tool can and cannot do and selects the proper
equipment for the particular job. The proper
use of tools not only enables you to turn out
quality work but also helps you to develop
safe working habits.

Many of the tools used by the Patternmaker
are the same as those used by the draftsman,
carpenter, and cabinetmaker. However, the
building of wooden patterns from which metal
castings are to be made, presents special
problems requiring special tools. For example,
the Patternmaker works to such close tolerances
that the thickness of a pencil line is often enough
to cause an error in measurement. Thus, the
Patternmaker scribes all lines on the layout
with a bench knife. The Patternmaker also uses
a shrink rule (which allows for the normal
contraction of cooling metal) in drawing a layout
for a pattern. Forming curved sections of a
pattern and core box may require the use of
planes, sole planes, spokeshaves, special carving
tools, and templates. The rough handling to which
a pattern is exposed and the tendency of wood
to warp under the extremes of temperature and
humidity in the foundry make it necessary for
the Patternmaker to glue and to fasten securely
the component parts of the pattern. For this,
he uses special holding tools, clamps, pinch
dogs, and jigs. The direction of wood grain
must also be taken into consideration during
the fabrication of a pattern.

The most important handtools are arranged
and discussed in groups according to the kind
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of work they are designed to do, such as meas-
uring, marking or laying out, cutting and carving,
forcing and holding, and abrading.

The various tools discussed in this chapter
are by no means all the tools that exist in these
categories, however, they are the tools you will
normally find in a Navy pattern shop.

MEASURING TOOLS

The measuring tools normally found in a
Navy pattern shop are various types of rules,
calipers, squares, and gages.

Their primary function is the measuring of
lengths, diameters, angles, radii, and all other
geometric forms.

RULES

The chances are that you have used numerous
rules. The three types of RULES most used in
the pattern shop are The SHRINK RULE, 6-FOOT
FOLDING RULE, and the STANDARD STEEL
RULE or scale. Figure 3-1 illustrates the com-
parison of a standard steel rule to shrinkage or
contraction rules.

Shrink 11 ule

The SHRINK or CONTRACTION PULE has
been devised to compensate for the contraction
of a casting while its metal is cooling and
contracting. IL is an expanded rule which has
had its graduations increased to allow for this
decrease in size of the casting. Since all metals
do not contract the same, it is necessary to
have more than one shrink rule. A variety of
such rules are therefore in use, but Ur most
common ones are the 1/10-inch-shrink-per-foot
rule for cast iron, the 3/16-inch rule for brass
and bronze, and the 5/32-inch rule for aluminum.
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STANDARD II' I' 5" 3"RULE to e ra rd

SHRINKAGE OR CONTRACTION RULES,

Figure 3-1. Comparison of a stardard rule to shrink rules.
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Linear contractions of metal and alloys have
been determined by experimentation and con-
verted into tables. (See chapters 8 and 10 of
this manual.) Such tables are intended merely
as guides because each specific job in;ty require
some minor deviation.

The shrink rule conies in 6 -inch, 1-foot,
and 2-foot lengths. Actually, the 24-inch shrink
rule for bronze and brass is 24 3/8 inches in
length. In using the shrink rule, the Pattern-
maker proceeds just as though he were using a
standard rule. However, when the pattern is
completed its dimensions are longer in the same
proportion than the shrink rule is longer than
the standard rule.

When making a layout from a blueprint, it
is advisable to stow in a bench drawer all other
shrink rules not being used at the .aement, to
prevent picking up the wrong rule.

When working from a sample casting, the
Patternmaker will first take measurements from
the casting with a standard rule and then use
the proper shrink rule for the layout work.
Some kind of suitable standard or common rule
is used.

Folding Rule

The 6-FOOT FOLDING RULE (fig. 3-2) is
can monly used for measuring rough stock and for
estimating sizes of castings. It is not used for
accurate final measurement in layout and pattern
construction. Be careful when folding and un-
folding this rule as it is easily broken. Oil
the joints occasionally, and be sure that you
keep glue and shellac out of the joints.

4.16(133F)
Figure 3-2. Multiple folding rule.

Standard Rule

When mare accurate measurements are
required than can be obtained with the folding
rule, the STANDARD STEEL rule is used (fig.
3-1). This rule is quite similar .W the shrink
rule except that it is graduated in standard or
normal length. The lengths normally found in
a Navy pattern shop are 6, 12, 24, and 36 inet.es.

The standard rule is used chiefly to measure
castings. Keep it clean and oil it down at the
end of the day to prevent rusting. Never use a
standard rule (or any other rule) as a plying
tool or screwdriver since it is quite brittle.

Even with adequate maintenance and care,
the ends of a steel scale have a tendency to
wear off through normal usage over a period
of time. For this reason, most Patternmakers
develop the habit of making all measurements
from the 1-inch graduation mark rather than
from the zero end of the scale.

CALIPERS

There are many types and variations within
types of calipers. What we will discuss here
are the types that will normally be found in a
Navy pattern shop.

Calipers are used for measuring diameters
and distances or for comparing sizes or dimen-
sions with standards such as the standard rule.

There are INSIDE and OUTSIDE calipers,
the size of which are determined by the length
of one leg which is the maximum dimension
they are designed to measure. For example, a
3-inch caliper will measure a distance 013 inches
with accuracy. If the designed distance is ex-
ceeded (some calipers will exceee. their designed
size by over 30 percent), the legs will usually
be sprung resulting in an inaccurate measure-
ment.

The basic types of calipers normally found
in Navy pattern shops are the SPRING, FIRM
JOINT, and LOCK JOINT CALIPERS shown
in figure 3-3.

Spring Calipers

The spring caliper (fig. 3-3A) is available
in sizes from 2 to 8 inches. The friction of
the adjusting nut and screw works against the
tension of the spring which holds the legs in
any set position. They are available with either
the quick spring adjusting nut or the more
common solid nut. The quick adjusting nut is
the most desirable as it allows you to make
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OUTSIDE
SPRING

OUTSIDE
FIRM JOINT
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INSIDE
SPRING

INSIDE
FIRM JOINT

OUTSIDE INSIDE
LOCK JOINT LOCK JOINT

quick and positive adjustments. The threads of
the nut firmly engage the screw at the slightest
pressure from the leg and when the pressureis removed, the nut is released and allowed
to slide freely over the screw.

Firm Joint Calipers

The firm joint type (fig. 3-3B) is available
in a number of sizes from 3 to 24 inches. This
type of caliper is equipped with a nut and stud
that provides sufficient friction to hold the
legs in any set position. Some calipers of this
type are equipped with an adjusting screw for
fine adjustments.

Lock Joint Calipers

The lock joint caliper (fig. 3-3C) is availablein 4 to 24 inch sizes. It features a joint that
can be quickly and firmly locked by a slight
turn of the large knurled disk. A spring washer
under the disk maintains proper tension of the
legs when the joint is unlocked.

These calipers are also provided with an
adjusting screw to permit close adjustments
for fine measurements. After the legs have
been set to the approximate size and the joint
locked, the final adjustment is made by a few
turns of the adjusting nut.

A variation of the lock joint caliper is the
lock joint transfer caliper (fig. 3-4). It is also
available in 4 to 24 inch sizes. It has the same

4.17(68C)A 4.17(68C)BFigure 3-3. Basic types of calipers. Figure 3-4. Lock joint transfer calipers.
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features of the look joint caliper plus a leaf.
or transfer arm that is looked in place by the
large disk. One leg of this caliper is secured
to the leaf by a binding nut which, when released,
allows the leg to swing free. This feature allows
you to take measurements from the inside of
chambered cavities, over flanges and other places
where it is necessary to MOVE) the legs after
they have been set to size. The transfer caliper
is also available as a firm joint type (fig. 3-5). 4.17D

However, the lock joint is considered to be Figure 3-7. Measuring a hard to reach inside

superior, dimension with an inside transfer caliper.
To use it, set the size, lock the joint by

tiottening the large disk, loosen the binding
nut (the leg will swing free, but the leaf will
stay in place), remove the caliper, then return
the leg to its place in the leaf and tighten the
binding nut. The exact size can now be trans-
ferred to a rule. Figures 3-6 and 3-7 illustrate
the use of transfer calipers.

A

LEAF

4.17A.3&.7
Figure 3-5. Firm joint transfer calipers.

A B

4.17C
Figure 3-6. Measuring the thickness of the
bottom of a cup with an outside transfer caliper.
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4.17(68C)C
Figure 3 -8. Hermaphrodite calipers.
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Another useful variation of both the lock and
firm 'oint types is the hermaphrodite caliper
(fig. 3-8). It is actually a cross between a
civider and a caliper as it has one leg of each.
It is used for scribing parallel lines from an
edge or locating the center of circular objects,
as shown in figure 3-9.

Use of Calipers

A caliper is generally used in one of two
way:). Either the caliper is set to the dimension
of the object and the dimension transferred to
a scale, or it is set to a scale and the object
worked until it checks with the dimension set
up on the caliper. Figures 3-10 and 3-11 illustrate
the use of outside and inside calipers.

A good sense of feel must be acquired to
use calipers properly. They shou.1 be adjusted
to where just enough drag or friction is felt
to ensure contact of both legs to the object
being measured. They should never be forced
over the work. Too much drag will spring
the legs and result in an inaccurate measurement.

When adjusting calipers to a scale, it is
good practice to measure from the 1 inch mark
rather than from the end. The end of the scale
may be worn or damaged which would result
in an inaccurate setting.

SCRIBING LINE
OUTSIDE CALIPER
SETTING

4.17L
Figure 3-9. Using the hermaphrodite caliper.
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4.17B
Figure 3-1.0. Using an outside caliper.

KEEP CALIPERS ON AXIS
OF WORK

CORRECT INCORRECT

4.17(68C )D
Figure 3-11. Using inside calipers.
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Calipers are measuring instruments and must
be properly cared for. They must be kept clean
and lightly oiled. Do not over-oil the joint of
firm joint calipers or you may have difficulty
in keeping them tight. In storing them, always
hang them .tp. Never throw them loose into a
drawer or cabinet. Never use calipers for any
use other than for what they were intended.
Remember that the accuracy of your work
depends upon the accuracy of your measuring
instruments. NOTE: Never set a caliper on
work that is revolving in a machine. The contact
of one leg of a caliper on a revolving surface
will tend to draw the other leg over the work
because of the friction between the moving
surfaces. Only a slig,at force is necessary to
spring the legs of a eiliper so that measure-
ments made on m.w;ng surfaces are never
accurate.

COMBINATION SQUARE

A complete combination squa,. qet (fig. 3-12)
is the most versatile layout and measuring tool
used by the Patternmaker. It comt)ines the
functions of several tools and serves a wide
variety of purposes.

CENTER HEAD

PROTRACTOR

It consists of a grooved, hardened STEEL
SCALE (blade), SQUARE HEAD, CENTER HEAD,
and PROTRACTOR HEAD all of which are
removable.

The blade is usually 12 inches long although
blades are available from 4 to 24 inches in
length. It is usually engraved in four graduated
scales; 1/64, 1/32, 1/16, and 1/8 inch. Used
alone it serves as a very accurate standard
scale and straight edge.

The square head consists of three faces,
a spirit level, scriber, and a thumb nut for
holding the blade firmly in position. Two of
the faces are ground at right angles (90° to
each other and the third at 45°). The head can
be adjusted and secured to any position on the
blade. It can thus serve as a depth gage, height
gage, scribing gage, or for checking a circular
cavity for trueness as well as laying out or
checking for squareness and 45° angles.

The center head is a V shaped attachment
with two faces ground at 90° to each other.
When the blade is inserted, it bisects the angle
thus enabling you to find the exact center of
circular objects such as bosses or shafts.

The protractor head is available in two types;
the "single" or "non reversing" type which

REVOLING
TURRET

SCRIBER

SQUARE HEAD

29,25

Figure 3-12.-- Combination square set.
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has only one shoulder or the "double" or
"reversing" type which has two shoulders. They
both consist of a revolving turret which has
a receptacle for the blade, a thumb nut for
holding the blade firrn,y in place, and on some
models, a small spirit level. Located on the
bruly of the protractor are two small thumb
screws for locking the turret in position.

The turret is engraved with angular gradua-
tions of either 0 to 180° or 0 to 90° right or
left in 1° increments thus allowing you to layout
or check angles within 1°. Some models will
have both 90 and 180 degree scales engraved
on the face of the turret and some will have both
right and left 180° scales engraved which enables
you to read not only the angle required but also
the supplement to that angle. For instance, if
the angle required is 70°, the supplement to
that angle will read 110°. Figures 3-13 through
3-16 illustrate some of the uses of the com-
bination square.

SLIDING "T" BEVEL

The sliding "T" bevel (fig. 3-17) is an
adjustable try square consisting of a slotted
steel blade, beveled on one end, and either a
wooden or metal handle. The blade may be
adjusted to any angle and secured in place by
a nut on the hinge or a thumb screw on the butt
of the handle.

28.19
Figure 3-14. Using a combination square to lay

out a 45° angle.

28.20Figure 3-15. Drawing angular lines with a
combination square.

The sliding "T" bevel has no graduations,
therefore, if a given angle is to be set or an
existing angle read, it must be used with a
protractor, square, or other graduated meas-
uring device (fig. 3-18).

The sliding "T" bevel is used for trans-28.16 ferring angles, testing chamfers for trueness,Figure 3-13. Squaring a line on stock with a and is also handy for laying out and testing thecombination square. draft of a pattern (fig. 3-19).
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28.21
Figure 3-16. Locating a center with a combi-

nation square.

SLIDING T
BEVEL

44.26
Figure 3-17. Sliding T-bevel.

COMBINATION
SQUARE SETTING THE T-BEVEL

44.26A
Figure 3-18. Adjusting a sliding T-bevel to a

desired setting.
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44.26B
Figure 3-19. Testing the trueness of a bevel.

FILLET GAGE

A FILLET or RADIUS GAGE, shown infigure
3-20, is a useful tool for measuring fillets
and radii. Notice that it can be used to gage
inside as well as outside corners. When a blade
is found that fits the curve being checked, read
the fractional size on the face of the blade. When
you are using this gage to measure the sample
casting from which you are making a pattern,
remember to take into consideration the fact
that the corners of the old sample casting are
probably well worn, giving youexcessive readings
on the gage.

5.14(68)
Figure 3-20.Radius and fillet gage.
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MARKING OR LAYOUT TOOLS

Marking or layout tools are normally used
along with measuring tools. They are used to
scribe or cut lines and outlines in the various
geometric shapes necessary for pattern layout
and construction.

The BENCH KNIFE (fig. 3-21) is probably
the tool that is most used in the pattern shop.
This knife is used to strike straight lines on
layout work, to strike off accurate measurements
on stock during construction, to whittle or carve
patterns, and to cut and trim leather fillets.
The bench knife has its blade loose in a slot
so that the length of the blade can be increasedas it is worn or ground down. Likewise, the
sharpened portion of the blade can be withdrawn
into the handle to protect the cutting edge when
it is not in use.

The SCRIBE (fig. 3-22) is used to strike
straight or irregular lines on metal surfaces as
well as on layouts and patterns.

44.210(68C)
Figure 3-21. Bench knives.

Figure 3-22. Scribe.
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The MARKING GAGE (fig. 3-23) is used to
scribe lines parallel to the working edge. It
is a rod about 6 inches long with a sliding head.
The marking is done by a small point fitted
at one end of the rod.

The PANEL GAGE (fig. 3-24) is another
commonly used marking gage. its head is machlarger and its rod longer (usually about 18
inches long) than that of the marking gage. This
gage has a much greater range of distance and is
used mainly for layout work where the other type
will not reach.

DIVIDERS (figs. 3-25 and 3-26) are essentially
two legs hinged together at the top with some
type of locking or adjusting device provided. The
legs may both be sharpened or one leg may be
designed to receive a pencil or otter marking
instrument.

The size of dividers is determined by the
length of one leg and they come in a variety of
sizes and types.

The types of dividers are the same as calipers;
spring joint, firm joint, and lock joint, the
spring joint type being the most popular. However,
the lock joint type divider (also called the "wing
divider") differs from the lock joint caliper
in that the divider has a quadrant that is attached
to one leg and passes through the other (fig,
3-26). The locking device is either on the
quadrant or on the leg through which the quadrant
passes.

In setting dividers to a dimension on a
scale, the usual procedure is to locate one point
in one of the inch graduations of the rule andto adjust the nut or screw so that the other
point falls easily into the correct graduation
(fig. 3-27A). Make certain points of the divider
are not blunt (fig. 3-27B).

Figure 3-23. Marking gage.
68.199
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Figure 3-24. Panel gage.

45.132(68C)A
Figure 3-25. Dividers.
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ADJuSTtNG
SCREW

45.132(68B)

WING

SETSCREW

45.132(68C)B
Figure 3-26. Wing divider.
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A BLUNT POINT WILL CAUSE
AN INACCURATE SETTING

SETTING DIVIDER
ON RULE

45.132(68C)C
Figure 3-27.Setting dividers.

Figure 3-28. Trammels.

When transferring a dimension from a part
or tool to the scale on a rule, use the same care
in adjusting the points of the dividers, making
sure that there is no pressure tending to spring
the points either in or out.

The primary functions of TRAMMELS (fig.
3-28) are the same as those of the divider, but
for work that is beyond the capacity of dividers.
They can also be used as calipers if you are in
possession of the auxiliary attachments.

The basic trammel is a set consisting of
two heads (trams) and either a metal or wooden
beam. The wood beam must be manufactured by
the Patternmaker as it is not provided by the
manufacturer.

The trams have provision for attaching points
which are available in various lengths. Some
types may also have provision for a pencil or
pencil lead on one tram. Usually one tram will
have a device for fine adjustment.

The auxiliaries usually consist of two sets
of caliper legs and a set of ball points with
holder. The ball points with holder are used
for scribing or measuring from the center of
a hole.

The SURFACE GAGE (fig. 3-29) is a tool
used in pattern layout and construction to pick
up or transfer a line and indicate the accuracy
or parallelism of one surface to another.

The surface gage consists of a base which
has a deep "V" groove out into the bottom and
allows it to be clamped to a cylindrical surface,
a rocker adjusting screw for fine adjustments,
gage pins which, when depressed, allow you to
scribe lines parallel to an edge, a spindle
rocker bracket, and a spindle nut. An adjustable
spindle is attached to the base by inserting
it through the spindle nut mounting. The adjustable
spindle is equipped with a clamp and scriber
nut for securing a scriber. A dial indicator
may be used in place of the scriber or the
scriber can be attached directly to the spindle
nut mounting and used where the working space
is limited and the height of the work is within
range of the scriber.

The size of the surface gage is determined
by the length of the spindle and is available in4 to 18 inch lengths, the average or most
commonly used size being 9 to 12 inches.

34 The surface gage (fig. 3-30) is often used
together with a SURFACE PLATE which is
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SCRIBER

ROCKER
ADJUSTING

SCREW
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SCRIBER
NUT

P-SPINDLE

SPINDLE
ROCKER

BRACKET

SPINDLE

'MI
GAGE PINS

BASE

28.25.3
Figure 3-29. Surface gage.

usually a rectangular steel or cast iron plate
that is heavily ribbed and reinforced on the
underside. The surface of the plate is ground
to a true plane and can be used for testing a
surface or edge for flatness as well as a level
base on which the surface gage and the part to
be measured are placed to obtain accurate
measurements (fig. 3-31).

The surface plate must be kept lightly oiled
to prevent rusting and pitting and should be
covered when not in use to prevent scratching,
nicking, and denting. It mast be handled care-
fully to prevent twisting and warping. Never use
the surface plate as an anvil or as a workbench
except for precision layout work.
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le

44.28
Figure 3- 30. Surface plate.

The MONKEY GAGE is a modification of the
surface gage. It permits the Patternmaker to
make a measurement and to pick up a line
behind an obstruction where the conventional
surface gage is unable to reach.

A MOUSE is a sharp-pointed tool (fig. 3-32)
used for marking off material to fit closely
to an irregular surface. The point of the tool is
flush with the face andwith the aid of a square-
edged block --can be used to project lines from
the top to the bottom of any irregularly shaped
object.

CUTTING AND CARVING TOOLS

At the beginning of this chapter it is stated
that ".,a machine has yet been designed that can
replace the skill of the Patternmt.ker and his
handtools." This is especially true in the case
of cutting and carving tools for these are the
tools that you will use to actually form the
pattern.

HANDSAWS

The term "handsaw" is usually used in
reference to the wood cutting rip saw or crosscut
saw. However, there are a large variety of
hand operated saws designed to serve special
purposes, some of which are the HACKSAW,
PATTERNMAKER'S SAW, DOVETAIL SAW, and
COPING SAW.

As their names imply, the ripsaw has teeth
designed for cutting with the wood grain (ripping)
and the teeth of the crosscut saw are designed
for cutting across the wood grain (crosscutting).

Figure 3-33 illustrates the two different
blade shapes of handsaws (skew back and
straight back) and identifies their various parts.
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Figure 3-31. Using a surface gage and surface plate to lay out a centerline.

SCRIBER

FACE

Figure 3-32.A mouse.
68.7
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TOE

28.25(68)

29.15(68C)AX
Figure 3 -33. Handsaw.
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The SKEW HACKSAW has a slight curve
toward the top of the blade. This gives the saw
greater flexibility over the STRAIG'IT BACK -
SAW and makes it possible to cut slight curves
with the toe end of the blade.

Special note should be taken of the number
stamped near the heel of the blade. This tells
you how many teeth per inch ( points) are contained
in the saw blade.

The blades of handsaws are made of spring
steel that have been specially tempered so that
they will retain their shape and cutting edge
and still be easily sharpened and set. The cutting
edge of the blade is usually thicker than the
back edge. This gives additional strength to
the cutting edge while giving clearance to the
rest of the saw blade.

Handsaws vary in length from 20 to 28
inches. The most common length being 26 inches.
The blade length and number of teeth per inch
identify the size of the saw. For instance, a
ripsaw may be identified as a 5 point 24. This
tells you that the saw has 5 points (teeth) per
inch and is 24 inches long.

Ripsaws

The teeth of a ripsaw are shaped like small
chisels and are slanted at an angle of 8° (fig.
3-34A) so that the wood fibers can be ripped
as well as cut. Figure 3-35 Illustrates the
cutting action of the ripsaw.

A ripsaw will normally have from 4 to 8
points. The 8 point saw is used for thin stock.
As the stock thickness increases, use a coarser
saw (less points). The most c6mrnon ripsaws
have. 5 1/2 or 6 points.

Listed below are some pointers on using
the ripsaw.

1. Select the proper saw and layout the
guide lines on the stock.

2. support the stock so that it will not
rock or teeter making certain that there is enough
height to allow for the saw stroke.

3. Hold the saw so that it is in line with
your shoulder and also the guide line (fig. 3-36).

4. Place the heel of the saw alongside
the guide mark en the waste side, holding the
saw at about a 60° angle (fig. 3-37).

NOTE: If the saw does not cut smoothly
on the downstroke, decrease the angle until the
saw cuts smoothly.
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A SELECTED VIEWS OF RIPSAW T'''ETH

11,=air=:=1;=2111.cr
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B SELECTED VIEWS OF CROSSCUT TEETH

29.15(68C)ax
Figure 3-34. Ripsaw and crosscut saw teeth.
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CUTTING SEQUENCE OF RIPSAW TEETH

FRONT VIEW
OF CUTTING ACTION

t/

.1.:T:11:111: VIEW
OF CUTTING ACTION

1

29.15(68C)CX
Figure 3-35.Cutting action of a ripsaw.
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lengthen the stroke keeping a light, even pres-
sure on the saw. The toe of the saw should be
about 3 inches below the stock at the end of the
upward stroke. If it is pulled back further, the
saw is apt to buckle on the downstroke.

CAUTION: Do not force the saw. If you
force the raw, it is apt to buckle. If you force
the saw when starting the out it may Jump out
of the kerf and cut your thumb.

9. As the saw cut nears completion, shorten
the stroke and support the waste stook with your
free hand.

10. If the saw binds on long outs, place a
wedge in the saw kerf to hold it open.

Crosscut Saws

The teeth of a crosscut saw are knife shaped
(fig. 3-348), to produce a scoring and cutting
action across the grain on either the up or down
stroke with about 75 percent of the action being

29.15(68C)D done on the downstroke. The cutting action ofFigure 3-36. Using the crosscut handsaw. a crosscut saw is illustrated in figure 3-38.
Crosscut saws normally range from 6 to

14 points. The most common crosscut saws
have 8 to 10 points.

As is the case with ripsaws, the coarser
saw is designed for heavier material while the
finer the saw, (more points) the smoother the out
will be.

29.15(68C)EX
Figure 3-37. Sawing with a ripsaw.

5. Place the thumb of your free hand against
the side of the blade and above the teeth as
a guide (fig. 3-36).

6. Draw the saw lightly toward you until a
saw kerf (cut) has been formed.

7. Gently push the saw down and deepen
the kerf.

8. Use short, gentle strokes until the sawis well started. As the saw kerf d^epens,
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CUTTING SEQUENCE OF CROSSCUT TEETH

3

FRONT VIEW
OF CUTTING ACTION

PICTORIAL VIEW
OF CUTTING ACTION

29.15(68C)FX
Figure 3 -38. Cutting action of a crosscut saw.
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The cutting procedure for the crosscut saw
is the same as for the ripsaw except that the
saw is held at about a 45° angle (fig. 3-39).

Backsaw

The backsaw (fig. 3-40) is usually a thin,
crosscut type saw having from 10 to 14 points
and used for precision cutting such as in pattern
joinery and miter cutting. The blade has a
reinforced back for rigidity and is made in
8 to 26 inch lengths. The longer hacksaws are
sometimes called miter saws.

The hacksaw is designed to make smooth,
finish cuts. Therefore, the cut must be made to
the guide line.

29.20(68C)AX
Figure 3-39. Sawing with a crosscut saw.

METAL REINFORCING

i/// :///////17

LENGTH 0.-1
Figure 3-40. Backsaw.

29.20(68C)B
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When starting the cut with a hacksaw, angle
the saw slightly (fig. 3-41) and as the cut
progresses, gradually decrease the angle until
you are .lutting parallel to the face of the stock
as in figure 3-42.

Dovetail Saw

The dovetail saw (fig. 3-43A) is a type of
hacksaw used for very fine, smooth work where
a hacksaw would not be practical. The blade
is very thin and ranges in length from 6 to 10
inches.

Patternmaker's Saw

The Patternmaker's saw (fig. 3-43B) is also
designed for very fine, smooth cutting. It is
usually 7 1/2 inches long and normally has 14
points. Because of its size and shape, the
Patternmaker's saw can be used in small, "ard

29.20(68C)CX
Figure 3-41. Starting the cut.

BENCH HOOK
OR

SCRAP BOARD

29.20(68C)DX
Figure 3-42. Using the hacksaw.
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to get at areas where most saws couldn't be
used.

Coping Saw

The coping saw (fig. 3-44) is used for making
very fine, irregular cuts on thin material and
for forming the end cuts (joints) on moldings.

The coping saw consists of a spring steel
frame, two slotted pawls for holding the blade,
two lugs for turning the blade, and a wooden
handle into which the rear pawl is threaded for
tensioning the blade.

mere are both flat and spiral blades made
cor the copinc saw. The spiral blade is similar
to a round rasp which allows you to cut in any
direction without turning the saw frame. The
normal flat blade requires you to turn the
frame or blade in order to follow an irregular
line.

mutuThimmulinlinp4e1,-;Y.
/4'

A. DOVETAIL SAW

B. PATTERNMAKERS SAW

29.20(68C)E
Figure 3- 43.-- Dovetail and Patternmaker's saws.

29.21
Figure 3-44. Coping saw.

The blade is normally inserted into the
frame with the teeth pointing away from the
handle. However, some cuts are best made with
the teeth pointing toward the handle. When in-
serting the blade, sufficient tension should be
applied so that the blade will not buckle under
normal cutting conditions.

The best method for learning to put accurately
with the coping saw is by practicing on scrap
stock. The coping saw requires a great deal of
skill and, when used by a skilled craftsman,
can be a very accurate cutting tool.

Safety Precautions
and Maintenance

1. Select the right saw for the job. Dan't
use a ripsaw for crosscutting or visa versa,
etc.

2. Never force a saw. If a saw binds in the
cut and then is forced through the wood, a
kink is almost certain to result. A kinked saw
is useless. Use a wedge to hold the saw kerf
open.

3. Make certain that nails, staples, and other
foreign objects are removed from the wood
before it is sawed.

4. Be sure that the piece to be cut is well
supported or secured.

5. Ensure that the material to be cut is
supported high enough to allow for the full
stroke of the saw without striking the floor
or other object.

6. Do not leave saws laying around or stored
loose in a tool box. When the saw is not in
use, stow it away by either hanging it by the
handle or in notches with the cutting edge up.

7. Keep all saws clean and free of rust by
lightly oiling or by waxing the blade.

WOOD CHISELS

A wood chisel is a steel tool fitted with a
wooden or plastic handle. It has a single beveled
cutting edge on the end of the steel part, or
blade. According to their construction, chisels
may be divided into two general classes: TANG
chisels and SOCKET chisels (fig. 3-45).

The SOCKET CLASS has the blade and
handle socket forged from one piece of high
carbon steel and is usually used for heavy work
where a great deal of force if; required. One
end of a wooden or plastic handle is tapered
to fit into the socket which allows you to use a
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TANG CHISEL

THE Swop< oP THE ersa HAS A PCAtT THAT IS
STUCK INTO TIE HANDLE. THE POINT tS CALLED A TANG
AND THE CHISEL IS CALLED A TANG CHISEL

SOCKET CHISEL

IF THE SHANK OF THE CHISEL IS MADE LIKE A CuIs, THE
HANDLE WILL FIT Kro IT THIS IS CALLED A SOCKET CHISEL

29.9B
Figure 3-45. Tang and socket wood chisels.

wooden, plastic, or leather mallet for striking.
Never use a hammer for striking as this will
tend to mushroom the handle.

The TANG CLASS is also forged in one piece,
but the handle is drilled and the tang inserted
into the handle and reinforced with a ferrule
or metal band. Tang class chisels are usually
lighter and have thinner blades than the socket
class and are to be used with hand pressure only.

Types of Wood Chisels

Wood chisels are also 'divided into types
which are determined by their weight and thick-
ness, the shape or design of the blade (fig. 3-46),
and the work they are intended to do. There are
numerous types designed for a wide variety of
individual carving or cutting applications, but
the most common types used by the Pattern-
maker are the FIRMER, BUTT, and PARING
CHISELS (fig. 3-47).

The firmer chisel blade has a strong, rec-
tangular or beveled cross section and is used
for medium as well as light duty work. It is
available in either the socket or tang class
and is preferred by some Patternmakers.

The butt chisel is similar to the firmer
chisel, but has a short blade designed for work
in hard to get at places.

The most widely used chisel and the one
preferred by most Patternmakers, is the paring
chisel. Its blade is relatively thin and is available
in either rectangular or .beveled el oss section.
However, the beveled cross section is more
widely preferred.
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Figure 3-46.Wood chisel blade shapes.

The paring chisel is designed for light duty
work and is available only with a tang. The
handle may be straight or bent shank. The bent
shank variety is preferred as it prevents the
hand or handle from coming in contact with the
work.

The size of a chisel is determined by the
width of the cutting edge and ranges from 1/8
to 2 inches.

Use of Wood Chisels

When roughing in or removing excess stock,
use the chisel with the bevel side down. For
finishing and smoothing, the bevel side must be
up (fig. 3-48). Whenever possible, the chisel
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SOCKET FIRMER CHISEL

TANG PARING CHISEL

BUTT CHISEL

29.9C
Figure 3-47. Shapes of common types of wood

chisels.

BEVEL DOWN BEVEL UP

ROUGHING FINISHING

29.9(68C)B
Figure 3-48. Chisel positions.

should be moved laterally as it is moved for-
ward. This produces a shearing or slicing effect
which, with care, will produce a smooth and true
surface even when cutting crossgrain.

Before making a finish cut, remove the
excess material to within 1/16 inch of the
finish dimension with a socket class chisel,
saw, or other appropriate machine or tool.

The following are basic cuts and the methods
of carving them with a wood chisel.

To cut horizontally with the grain, grasp
the chisel handle in one hand with the thumb
extended towards the blade (fig. 3-49). The
cut is controlled by holding the blade firmly
with the other hand, knuckles up and the hand
well back of the cutting edge. The hand on the
chisel handle is used to force the chisel into
the wood. The other hand pressing downward

52

on the chisel blade regulates the length and depth
of the cut. The chisel will cut more easily and
leaves a smoother surface when the cutting edge
is held slightly diagonal to the direction of the
cut, or is given a slight lateral sliding motion
(fig. 3-50). This is done by holding the tool at
a slight angle and moving it to one side as it
is pushed forward, or by moving it slightly from
left to right at the same time you push it forward.
With cross-grained wood, it is necessary to
work from both directions to avoid splitting the
wood at the edges. Do not hurry. Cut only fine
shavings. If thick shavings are cut, the tool may
dig in and split off a piece of wood which was
never intended to be removed.

In cutting horizontally across the grain, the
work must be held securely, as with a vise,
clamp or Jig. Most of the waste wood is re-
moved by the chisel with the bevel held down.
To avoid splitting at the edges, cut from each
edge to the center and slightly upward so that the
waste wood at the center is removed last (fig.

29.20(68C)FX
Figure 3-49.Hand positions.

GRAIN DIRECTION

MONT WRONG

Figue 3-50.Cutting techniques.
29.9
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3-51). Finishing cuts are made with the flat
side of the chisel down. Never use a mallet
when making finishing cuts, even on large work.
One hand pressure is all that is necessary to
drive the chisel which is guided by the thumb
and forefinger of the other hand. Finish cuts
should also be made from each edge toward the
center. Do not cut all the way across from one
edge to another or the far edge may become
split.

To cut diagonally across the grain, (fig.
3-52) as much waste wood as possible is first
removed with a saw. Clamp the work in a vise
with the guideline horizontal. Use the chisel
as in cutting horizontally with the grain. It is
necessary to chisel with the grain and to hold
the chisel so that the cutting Sedge is slightly
diagonal to the direction of the cut.

To cut a round corner on the end of a piece
of wood, first lay out the work and remove
as much waste as possible with a saw (fig. 29.9E

3-53A). Use the chisel with the bevel side Figure 3-52.Chiseling diagonally across grain.
down to make a series of straight cuts tangent

BEVEL DOWN BEVEL UP
FOR ROUGHING FOR SMOOTHING

LEFT HAND
GUIDES CUTTING

to the curve. Move the chisel sideways across
the work as it is moved forward. Finish the
curve by paring with the bevel side up. Convex
curves are cut in the same manner as a round

BEVEL SIDE DOWN
corner.

FOR ROUGHING CUT To cut a concave curve, remove most of

REVEL SIDE UP
the waste wood with a handsaw or coping saw.

FOR SMOOTHING CUT Smooth and finish the curve by chiseling with
the grain holding the chisel with the bevel side
down (fig. 3-53B). Use one hand to hold the
chisel against the work, press down on the
chisel with the other hand, and, at the same
time, draw back on the handle to drive the
cutting edge in a sweeping curve. Care must
be used to take only light cuts or the work may
become damaged.

Vertical chiseling means cutting at right
angles to the surface of a horizontal piece of
wood. It is used on ends and edges as well as
for forming recesses and depressions such as
the mortise.

Before chiseling, remove as much excess
material as possible with a saw, drill, or other
appropriate machine or handtool, then grasp
the chisel handle in one Land with the thumb
pressing down on the top of the handle as shown
in figure 3-54. Using the other hand as a guide,

29.9D start a light cut using a shearing motion. A

Figure 3 -51. Chiseling horizontally across the light out producing thin shavings will result
in a smooth and true surface.

THUM$ AND
FINGERS OF
LEFT (SAND

GUIDE CUTTING
EDGE AND ACT AS

SNAKE

F

TO AVOID SPLINTERING CORNERS
WHEN CHISELING ACROSS GRAIN CUT

HALFWAY FROM EACH EDGE TOWARD CENTER

grain.
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CURVE
LAID OUT

ROUGHING
IS DONE

WITH BEVEL
DOWN

A

B

CORNER
SAWED

OFF

FINISH BY
PARING WITH

BEVEL UP

HOLD BEVEL SIDE OF
CHISEL AGAINST WORK

CUT FROM BOTH ENDS
Of CURVE TOWARD

MIDDLE

WORK WITH GRAIN
FROM EDGE

TOWARD END

.
29.9G

Figure 3-53.Chiseling corners and curves.

Figure 3-64. Vertical chiseling.
29.9H

54

GOUGES

A gouge is a chisel with a circular cross
section. It is used when hollow or concave
surfaces are to be carved. They are classed
the same as chisels, tang and socket, and are
available in a wide variety of types. However,
the types generally found in Navy pattern shops
are the PARING AND FIRMER GOUGES.

The paring gouge (fig. 3 -55) is a companion
to the paring chisel. It is ground or beveled
on the inside face of the blade and is designed
for fine, finish work. It is available only as a
tang class and may have either straight or
bent shank handles. The bent shank paring gouge
is excellent for finishing half round core boxes.

The firmer gouge (fig. 3-56) is a companion
to the firmer chisel. It is ground on the outside
face of the blade and is used for the heavier
work that cannot be done with a paring gouge.
Like the firmer chisel, it is available with
either a tang or socket.

The principles of using a gouge , the
same as those of the chisel except that the
shearing cut is produced by slightly revolving
the gouge instead of sliding the tool diagonally.

Oilitsamm.

INSIDE GROUND

29.9(68C)CX
Figure 3-55. Bent shank paring gouge.

OUTSIDE GROUND

29.9(68C)DX
Figure 3-56. Firmer gouge.
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Gouges are made in sizes ranging from 1/8
to 2 inches. These sizes are specified by the
manufacturer. Gouges are also available in three
different SWEEPS; FULL, MIDDLE, and FLAT
(fig. 3-57).

The method of determining gouge sizes and
sweeps can be very confusing so read the fol-
lowing carefully.

Relative to size, a full sweep gouge with
a specified size of 1 inch will cut a hole having
a 1/2 inch radius. A middle sweep gouge having
a specified size of 1 inch will cut a hole having
a 1 inch radius, and a flat sweep gouge having
a specified size of 1 inch will cut a hole having
a 3-1/2 inch radius.

FLAT MIDDLE FULL

29.9(68C )EX
Figure 3-57. Sweeps of gouges.

FULL SWEEP

Sweep, as applied to full and middle sweep
gouges, refers to the radius of the circle in
which the cutting edge is formed in relation
to the specified size.

Sweep, as applied to flat sweep gouges, is
established by the manufacturer, apparently,
with no relation between sweep or size.

The cutting edge of a full sweep gouge roughly
forms a half circle, thus the diameter (2 x
radius) of the gouge would be equal to the
specified size of the gouge. Since, in this case,
sweep and radius mean the same thing, the sweep
of a full sweep gouge whose specified size is
1 inch, would be 1/2 inch.

The cutting edge of a middle sweep gouge
roughly forms 1/4 of a circle. The sweep and
specified size are equal. A middle sweep gouge
with a specified size of 1 inch will have a
sweep (radius) of 1 inch. Table 3-1 illustrates
the curvatures of full, middle, and flat sweeps
for the various gouge sizes.

Table 3-1. Gouge Sizes and Sweeps

I1/4"

/IN

14,

MIDDLE SWEEP

2"

/**--7/7:'
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FLAT SWEEP

134"
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HAND CARVING CHISELS
AND GOUGES

There are numerous hand carving chisels
and gouges which are available as sets or
separately. They are made in a wide variety
of shapes, sizes, and lengths. The principles
of their use are the same as for wood chisels
and gouges. A few of the more popular hand
carving chisels and gouges are shown in figure
3-58.

HAND BRACE

The hand brace, figure 3-59, is a tool designed
to turn and guide any of the wood boring tools
or special bits which have,...a square tang or
flats ground on their shank.

Although the hand brace has been largely
replaced by the portable drill, it is still the
best tool for very accurate wood boring and
counterboring.

The type of brace normally found in Navy
shops is the RATCHET BRACE. It includes

-

RATCHET ENO,
SOX

RATCHET PAWL
CAM RING

culla.

SWEEP MI
DIAMETER
OF SWING HEAD

JAWS
SNELL

SOW

ANDLE

44.20(68C)AX
Figure 3-59. Hand brace.

a ratchet device (fig. 3-59) which makes possible
its use in close, confined spaces where there
is not enough room to make a full turn (sweep)
of the handle. The ratchet may be locked or
made to turn in either direction.

The size of the brace is determined by the
sweep of the handle, figure 3-59. Sweep is
the diameter of the circle the handle makes
when it is revolved. The most common size

1.-;: °

,", -:(-,;:z-...11

±,2.._D So;

. 4;

y 1

;
ha , ,

.
;1/4,- h

CARVING GOUGES

glEM61161:0010u--
STRAIGHT GOUGE

U42101411g...
FRONT BENT GOUGE

CARVING GOUGES

V ti1:311
PARTING TOOL

taii=M4610--
STRAIGHT GOUGE

Figure 3-58. Hand carving tools.
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brace is i .) inches. However, the 8 inch brace
is best suited for pattern shop use.

There are two types of chucks made for the
brace. The preferred type has a square driving
socket at the bottom of the chuck as shown
in figure 3-60. The end of the bit tang mist
be inserted into this socket as with this type
of chuck, the jaws serve to support and hold
the bit in center while the turning force is
transmitted by the socket.

The second type of chuck has no driving
socket. Therefore, the jaws must also transmit
the turning force to the bit. With this type chuck,
care must be taken to seat the corners of the
bit tang into the "V" grooves of the chuck
jaws.

HAND DRILL

Because it is small and light, the hand drill
is one of the most useful tools in the Pattern-
maker's tool chest. It is designed to use either
twist drills or drill points for boring small
holes at fairly high speed.

The hand drill has a three-Jawed, hand-
tightened chuck (fig. 3-61) which will accom-
modate straight shanked4bits ranging from 1/16
to 3/8 inches in diameter. Some hand drills
have a hollow handle with a removable top for
storing small drill bits or a set of drill points.

CRANK HANDLE

3 JAWED CHUCK

ro1411115__
.

V-GROOVES

DRIVING SOCKET

44.20G
Figure 3-60. Hand brace chuck.

The hand drill is especially useful for
counterboring and countersinking in soft woods.

WOOD BORING BIM'
AND DRILLS

The wood boring bits and drills usually found
in the pattern shop are shown in figure 3-62.
Included are the AUGER BIT, EXPANSIVE
BIT, MACHINE SPUR BIT, MULTI-SPUR BIT,
FORSTNER BIT, and TWIST DRILL.

RATCHET WHEEL

,...

wmillgiw

Figure 3-61.Hand drill.
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A. AUGER BIT

B. EXPANSION BIT

C. TWIST DRILL

D. FORSTNER BIT

E. MACHINESPUR BIT

F. MULTI-SPUR BIT

44.20(68C)B
Figure 3-62.Wood boring bits and drills.

Auger Bits

The auger bit is the most common of the
wood boring bits and is designed for use with
the hand brace. Basically, it consists of three
parts; the head, twist, and shank as shown in
figure 3-63.
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CUTTING EDGE
OF LIP

SCREW
POINT

CUTTING EDGE
OF LIP

SPUR OR NIB i. SPUR OR NIB

TWIST

PARTS OF THE HEAD

HEAD TWIST SHANK

SOLID CENTER TANG

44.20(68C)CX
Figure 3-63.Parts of an auger bit.

COARSE (FAST; MEDIUM FINE (SLOW)

44.20(68C )DX
Figure 3-64. Twes of screw points.

The SCREW POINT functions to center the
bit and also to pull the bit through the stock.
There are three types of screw points made;
coarse, medium, and fine as shown in figure
3-64. The bit will be drawn through the stock
faster by a coarse screw point than a fine one.
However, more roughness will result from the
faster cut.

The SPURS function to score the outer edge
of the chip as the cutting lips chisel or cut
the waste material loose. It is important that
the spurs and cutting lips be sharp in order to
produce a smooth hole.

The TWIST of the auger bit is responsible
for removing waste material after it has been
cut loose by the spurs and cutting lips and is
usually slightly smaller in diameter than the
head. The twist is made in three styles; SINGLE
TWIST, SINGLE TWIST WITH SOLID CENTER,
and DOUBLE TWIST as shown in figure 3-65.

The single twist has less tendency to bind
in certain materials but is more fragile than
the single twist with solid center and can easily
be broken.
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-"RIPark

SINGLE TWIST SOLID CENTER

ininninindtArtiD=11"Sia
SINGLE TWIST

466622615=Sia
DOUBLE TWIST

Figure 3-65. Types of twist.

The single twist with solid center clears
chips more rapidly, is stronger, and more
commonly used than the single or double twist.

The double twist bit bores more slowly
than either of the others. However, it produces
a very clean, smooth, and more accurate hole
and is the most suitable of the three to bore
holes for wooden dowels.

The SHANK is that part of the auger bit
which fits into the chuck of the brace. It contains
a square-tapered tang which has the drill size
number stamped into one of the flats. This
number represents the drill size in sixteenths
of an inch (fig. 3-66). For instance, if the
number stamped on the flat is 12 the drill
size is 12/16 inch or 3/4 inch. NOTE: All bits
having a tang type shank will be numbered and
sized in this manner.

Auger bits usually come In sets containing
1/4 inch ( #2) to 1 inch (#16) bits. However,
auger bits are made up to 2 inches (#32) in
diameter.

Many different lengths of auger bits are
available but are generally made in three sizes
which have corresponding names. The DOWEL
BIT is about 5 inches long, the MEDIUM BIT
about 8 inches long, and the SHIP BIT is from
18 to 24 inches long.

The "medium bit" is the length most
commonly used.

Expansion Bit

Another bit designed for use with the brace
is the expansion or expansive bit shown in
figure 3-62B. This bit is designed for boring
holes larger than 7/8 inch in diameter.

The expansion bit is composed of a screw
point, body cutting edge, and usually, three
adjustable cutter blades which permit the boring
of holes up to 4 inches in diameter.
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44.20F
Figure 3-66.Size markings on auger bits.

The adjustable cutter blade is usually adjusted
by either a mocrodial (fig. 3 -6 ?) or a simple
screw arrangement.

After an expansion bit has been adjusted
and the cutter blade locked in place, it is good
practice to make a trial cut on scrap stock
to ensure that the bit is cutting the exact
diameter desired.

Twist Drills

Twist drills (fig. 3-62C) are normally used
by the Patternmaker for boring small holes 1/2
inch in diameter and under. They can be used
with the drill press and portable drill motors
as well as most of the hand drills and braces.

The twist drill is usually made of high carbon
steel or high speed steel. The carbon steel drill
is for low speed metal boring or high speed
wood boring and the high speed steel drill is
for high speed boring of metals.

Twist drills are sharpened at various angles
for boring different materials. The two most
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BLADE
CUTTING

EDGE

44.21A
Figure 3-67. Expansive bit.

common angles are the REGULAR POINT (fig.
3-68) and FLAT POINT (fig. 3-69).

The regular point has an angle of 118° and
is used for general purpose boringwhich includes
wood.

The flat point has an angle of 135° and is
used for boring hard and tough materials.

Twist drills are made with various type
shanks. The most common and the type used in
most Navy pattern shops is the carbon steel
drill with a straight shank.

With the exception of the bit stock drill,
twist drills are sized in one of three different
ways: by fraction, number, or letter.

Fraction designators denote the actual
fractional size of the drill. Fractional sets of
drills ranging in size from 1/16 to 1/2 inch are
commonly used in the pattern shop.

Number and letter designators merely identify
the particular drill. A drill gage or reference
chart (Table 3-2) must be used to obtain the
actual size of the drill. Number drills range
in size from # (.338") through #80 (.0136")
and lettered sizes range from "A" (.234")
through "Z " (.413"). Note that the letter sizes
are larger and start where the number sizes
stop.

DRILL POINT
ANGLE

CUTTING LIP

LIP CHISEL EDGE
ANGLECLEARANCE

ANGLE
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44.20S
Figure 3-68. Specifications for grinding a

regular point twist drill.

DRILL POINT
ANGLE

LIP
CLEARANCE CHISEL EDGE

ANGLE ANGLE

4AO

At\ CHISEL
EDGE

44.20T
Figure 3-69. Specifications for grinding a flat

point twist drill.

Forstner Bit

The forstner bit (fig. 3-62D) is designed
for boring flat bottomed holes partway through
the stock. It is not meant for boring completely
through stock (fig. 3-70).

The forstner bit is composed of a circular
steel rim, two cutting lips, and a shank.

The circular steel cutting rim is beveled
from the inside to form a sharp edge. Special
care must be taken not to damage this edge
as it cannot be resharpened.

The cutting lips of the forstner bit serve
the same purpose as do those of the auger bit.
However, there is no twist to carry the waste
stock out of the hole. Therefore, if a deep
hole is to be bored, the bit must be drawn out
of the hole frequently to remove the waste
stock.

The forstner bit is made with or without
a tang and can be used in a drill press if a
slow turning speed is employed.



Chapter 3- PATTERNMAKER HANDTOOLS

Table 3-2.- Twist Drill Sizes

Decitnal equiv. Decimal equiv. Dee 1=1
Sit; Size Size equividenta

'lento aleht*

)4 0.5000 C 0.2420 30 0. 1285
.4844 13 .2380 % .1250
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.4219 2 .2210 34 .1110

. 4130 h . 2187 35 . 1100
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It
. 3906 6
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. 2031 9 .
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091095

5

V .3770 7 .2010 40 .0980

% .3750 8 .1990 41 .0960

17 .3680 9 .1960 .0937
H .3594 10 . 1935 4 .0935

T . .1910 43 ... ...... . 0890

S .3480 12 .1890 44 .0860
R. 3437 At . 1875 4S .0820

R 3390 13 . 1850 46 . 0810

. 3320 14 . 1820 47 0785

4. ..... .3281 15 .1800 isi .0781

P . 3230 16 . 1770 48 .0760

D .3160 17 .1730 49 .0730

0
.3125 ii .1719 50 .0700
.3020 18 .1695 51 .0670

ki 2950 20
.2969 19 . 1660 52

. 1610 lag
.0635
.0625

L .2900 21 .1590 53 .0595

k
2812 22
2810 if

. 174
. 15562

0 5
SS .052200. 20

i
2770 23
2720 24.

. 1540 i&

. 1520 56
. 040
.0465

H ... ...... .2660 25. .1495 57 .0430

ii 2656 26 .1470 58 .0420

G ... ..... .2610 27 .. .. . .1440 59 .0410

F .2570 fi .1406 60 .0400

F. 5i . 2500 28 . 1405
D 2460 29 .1360

AUGER FORSTNER

//, /////:,

44.20(68C)GX
Figure 3-70. -Comparison of forstner to auger

bit hole.
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The forstner bit ranges in size from 1/4
to 2 inches in diameter and if it is a tang
e* it will be numbered the same way as an
auger bit. If it is a straight sharked bit, it
will have the fractional size stamped into the
surface of the shank.

Since the forstner bit has no screw point
or centering point, the exact size of the hole
must be scribed with a set of .dividers and
the rim of the bit pressed into the scribed
impression.

Machine Spur Bit

The machine spur bit (fig. 3-62E) may only
be used in a drill press. It is a high speed,
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smooth cutting bit used for boring deep, flat
bottomed holes into stock. It is a more efficient
bit than the forstner bit as it has a centering
point and a twist to remove waste material.

The machine spur bit is made in sizes
ranging from 1/8 to 1/2 inch in diameter.

Multi-Spur Bit

The multi-spur bit (fig. 3-62F) may also
only be used in a drill press. It is designed
to bore larger flat bottomed holes than the
machine spur bit and ranges in size from 1/2
to 4 inches in diameter.

NOTE: As bit sizes are increased, drill press
speed must be decreased.

Countersinks

The countersink is used, after a hole has
been bored, to form a seat for the head of a
flat headed wood screw.

Three types are shown in figure 3-71. Type
"A" is made for the hand brace. Types "B"
and "C" are used in either the hand drill,
portable electric drill, or drill press. Although
type "B" cuts more rapidly, it also produces
a rough surface. Type "C" produces a very
smooth seat and is the best type to use for
pattern work.

Figure 3-71. Types of countersinks.

Combination Countersinks
and Counterbores

There are many types of combination counter-
sinks and counterbores. However, they all have
the same function and save a lot of time.

A combination countersink is illustrated in
figure 3-72. It makes the pilot hole, shank
clearance, and countersink in one operation
for a variety of wood screw sizes ranging
from 1/2 inch X #5 to 2 inch X #12.

Combination .ounterbores (fig. 3-73) perform
the same tasks as the combination countersink
plus boring a plug hole for wooden plugs. They
are made for screw sizes ranging from 1 inch
X #8 to 2 inch X #18.

The size of both the combination countersink
and ccunterbore is determined by the particular
size of wood screw it is designed to accom-
modate. They are both designed for use with
the hand'drill, portable electric drill, and drill
press.

DRILLS TO
CORRECT DEPTH

COUNTERSINK

SHANK
CLEARANCE

PILOT HOLE

28.59(68C)AX
Figure 3-72.Combination countersink.

DRILLS TO
CORRECT DEPTH

PLUG HOLE

COUNTERSINK
SHANK

CLEARANCE

PILOT HOLE

28.59 28.59(68C)BX
Figure 3-73.Combination counter bore.
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Plug Cutters

Plug cutters (fig. 3-74) are used to cut
wooden plugs for placing in counterbored holes
to conceal the heads of screws and to keep the
pattern surface uniform. They can only be used
with low speed portable drills or a low speed
drill press.

Plug cutters range in standard sizes from
3/8 to 1 inch in diameter and will usually out
end-grain plugs up to 2 inches long and cross
grain plugs up to 1 inch long.

Screwdriver Bits

Screwdriver bits are made with either the
REGULAR or PHILLIPS POINT for use with the
hand brace (tang shank) or variable speed portable
electric drill (straight shank) as shown in figure
3-75.

The regular point bits have tips which range
in size from 3/16 to 1/2 inch and the phillips
type is made in number 1, 2, and 3 point sizes.

Screwdriver bits can be great time savers,
but special care must be taken not to twist off
the head of the screw.

Drill Points

Drill points (fig. 3-76) usually come in sets
ranging from 1/16 to 11/64 inches in increments

Figure 3-74. Plug cutter.
68.11

REGULAR

0 PHILLIPS

1.14(68C )AX
Figure 3- 75. Screwdriver bits.
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of 1/64 inches. They are designed for light
duty wood boring in soft textured woods and are
used with the hand drill or push drill shown
in figure 3-77.

Drill points for push drills have a special
shank while those designed for hand drills are
straight sharked.

The drill point is primarily suited for boring
pilot holes for wood screws.

PLANES

Planes comprise another important category
of cutting and carving tools. They are made
in different forms for a variety of different
jobs but are all basically tools for smoothing
or shaping the surface of wood.

Planes may be classified into the following
three categories:

1. BENCH PLANES which contain the jointer
plane, fore plane, jack plane, and smooth plane.

2. HAND PLANES which contain the block
plane.

3. SPECIAL PLANES, some of which are the
rabbet plane, bullnose rabbet plane, sole plane,
circular plane, "V" type core box plane, and
the radial core box plane.

41===, --ai=2=Ern
atii el

L7LCb CD

!MCCMX:13: 7;1
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44.117(68C)AX

Figure 3-76. Drill points.
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CHUCK SLEEVE
DRILL POINT
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44.116(68C)AX
Figure 3-77. Push drill.
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Bench planes (fig. 3-78) are used primarily
for shaving and smoothing with the grain of the
wood to obtain a perfectly flat surface.

The chief difference between them is in the
length of the plane's sole (bottom). The longer
the sole of the plane is, the more uniformly
flat and true the planed surface will be. Conse-
quently, the choosing of a suitable plane for
a particular job depends on the length of the
stock and the requirements for surface trueness.

The JOINTER PLANE (fig. 3-78A) has a
bottom from 22 to 24 inches in length and is
used whet.. the planed surface must meet the
highest requirements for trueness. The bottom
of the plane may be smooth or corrugated.
The plane-iron is from 2 3/8 to 2 5/8 inches
in width, and is ground at right angles to the
edge. The proper shape for the jointer plane-
iron is illustrated in figure 3-79.

The FOREPLANE (fig. 3-78B) has a bottom
18 inches in length an I is sometimes called
a GAGE or SHORT jointer plane. The bottom
of the plane may be smooth or corrugated.
The plane iron is 2 3/8 inches in width and is
pound to the shape illustrated in figure 3-79A.

The JACK PLANE (fig. 3-78C) is the general
"jack -of- all -wort' of the bench plane category.
It has a bottom from 14 to 15 inches in length
with a plane-iron from 2 to 2 1/4 inches in
width, ground to the shape illustrated in figure
3 -79A.

The SMOOTHING or SMOOTH PLANE (fig.
3-781)) is a short, finely set plane of 7 to 10
inches in length, used for smoothing and finishing
flat work. It has a plane iron of 1 1/4 to 2
inches in width, ground to the shape illustrated
in figure 3-79A.

The principal parts of a bench plane and
the manner in which they are assembled, are
shown in figure 3-80. The part at the rear
that you grasp to push the plane ahead is called
the handle; the part at the front that you grasp
to guide the plane along its course is called
the knob. The main body of the plane, consisting
of the bottom, the sides, and the sloping part
which carries the plane iron, is called the frame.
The bottom of the frame is called the sole,
and the opening in the sole, through which the
blade emerges, is called the mouth. The front
end of the sole is called the toe; the rear end,
the heel.

A plane iron cap, which is screwed to the
upper face of the plane iron, deflects the shaving
upward through the mouth, as indicated in figure
3 -81C, and thus prevents the mouth from becoming
choked with jammed shavings. The edge of the
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29.12(68C)AX
Figure 3 -78. Bench planes.
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Figure 3-79. Comparison of plane blades.
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Figure 3-80. )arts of a bench plane. Figure 3-81. Plane iron and plane iron cap.
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cap should fit the back of the iron as shown in
figure 3-81A, not as shown in figure 3 -81B.
The lower end of the plane iron cap should be
set back 1/32 inch from the edge of the plane
top, as shown in figure 3-81A. The iron in a
bench plane goes in bevel-down.

The edge of the plane iron is brought into
correct cutting position by the manipulation of
first the ADJUSTING NUT and next the LATERAL
ADJUSTMENT LEVER, as shown in figures
3-82 and 3-83. The adjusting nut moves the edge
of the iron up or down; the lateral adjustment
lever cants it to the right or left. To adjust
the plane you hold it upside-down, sight along
the sole from the toe, and work the adjusting
nut until the edge of the blade appears. Then

CLOSE-uP OF
ADJUSTING NUT
AND BLADE

SIGHT ALONG HERE FRONT VIEW

ADJUSTING NUT

A C

29.12C(68C)
Figure 3-82. Adjusting a plane for depth.

29.12D
Figure 3-83. Effect of manipulation of the

lateral adjustment lever.
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work the lateral adjustment lever until the edge
of the blade is in perfect alignment with the
sole, as shown in figures 3-82B and 3-83B.
Then use the adjusting nut to give the blade the
amount of protrusion you want. This amount
will depend, of course, upon the depth of the
cut you intend to make.

Before using any plane, it is important to
inspect the blade for damage. If the blade is
free of damage, check it for sharpness by
following the procedures listed below.

1. Adjust the blade so that it projects slightly
beyond the sole of the plane by sighting down
the sole and turning the adjusting nut as in
figure 3-82.

2. Adjust the lateral adjustment lever until
the corners of the blade project beyond the
sole at the same distance.

3. Clamp a piece of scrap stock into a vise
so that its edge projects above the vise about
2 inches.

4. Make several successive strokes with the
grain of the wood.

If the plane is sharp and adjusted properly,
a thin, curling shaving of equal thickness should
be produced without having to force the plane.

If a lot of force is required or the plane
jumps, it is either dull or too deep a cut is being
taken.

If the cut is rough and the wood surface
is being torn or chipped out, it is probably
because you are planing against the grain.

If the plane will not make a thin cut, it is
definitely dull and must be sharpened.

CAUTION: Do not test the plane blade for
sharpness by running your thumb or finger
over the blade. Even a dull plane blade will
cut you.

Another adjustment that should be made at
this point is to the THROAT OPENING or
MOUTH of the plane. This is accomplished by
loosening the bed screws (fig. 3-84A) and turning
the frog adjustment screw (fig. 3-84B). This
adjustment controls the length that a shaving
will run before breaking and has an effect on the
smoothness of the cut.

A narrow throat opening will produce a
shorter shaving and a smoother cut. If the



Chapter 3 PATTERNMAKER HANDTOOLS

29.12(68C)CX
Figure 3-84. Adjusting throat.

throat clogs with shavings, the throat opening
should be widened.

1. Select a suitable plane for the particular
job.

2. Check the material to ensure that it
contains no nails, staples or other foreign
material that would damage the plane blade.

NOTE: Hardened glue will dull a plane
blade rapidly. If you are planing a piece of
glued-up stock, make sure that any glue residue
is removed by scraping with an old plane blade
or cutting under it with a wood chisel prior
to planing.

3. Check the grain direction. Always plane
with the grain.

4. Secure the stock to be planed so that
it cannot move.

5. Take a firm position in front of the stock
with one foot placed ahead of the other for
balance.

6. Hold the plane with one hand on the handle
and the other on the front knob.

7. When beginning the stroke, bear down
firmly on the front knob and, as the cut
progresses, equalize the pressure on the knob
and handle. When completing the stroke, lighten
the pressure on the knob and bear down on the
handle (fig. 3-85). This will minimize the possi-
bility of rounding over (dubbing) the edges.

8. Whenever possible, use a full stroke.
That is, the full length of the stock.

67

9. Even on wooden bench tops, always lay
the plane on its side when it is not in use.
This prevents the blade from being dulled by
grit embedded in the bench top.

NOTE: It is not a good idea to use a plane
on stock that has been sandpapered. Particles
of sanding grit will be embedded in the stock
surface and this material will rapidly dull the
plane blade.

When planing face surfaces, it is usually
better to first plane from corner to corner
(diagonally) as shown in figure 3-86. Alternate
by planing the complete surface from one diagonal
and then planing from the opposing diagonal
until the surface is flat or very close to the
thickness desired.

Test the surface for flatness frequently by
using a straightedge in the positions shown in
figure 3-87, making sure that the edge touches
the stock surface at all points. If high spots
are present, shade them with a pencil or chalk
and plane them off. Make the final or finishing
cut by planing from end to end (fig. 3-88) after

29.12(68C)D
Figure 3-85. Pressure control on a plane.

MAKE DIAGONAL CUTS
WITH JACK PLANE

29.12(68C)EX
Figure 3-86. Using a diagonal stroke for

smoothing a surface.
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adjusting the plane blade for a shallow out and
the throat for a smooth cut.

The edge of stock is usually planed to obtain
a perfectly straight surface 90° to the face of
the stook. Therefore, it is important for the
plane blade to be parallel to the plane's sole
and for the plane to be held 90° to the face surface
of the stock. This can be done by employing
one of the methods shown in figure 3-89.

A typical BLOCK PLANE is shown in figure
3-90. It may or may not have the throat and
lateral adjustment features shown.

The block plane is primarily used for planing
end grain and small pieces of stock.

The block plane differs from bench planes
in that it is designed to be held in one hand and,
as shown in figure 3-91, the blade is set into
the plane body at a much lower angle with the
bevel up instead of down (fig. 3- ?9B). This

68.201 makes possible the slicing cut needed to planeFigure 3-87. Positions for using straightedge end grain.
when checking surface flatness. When planing end grain, care must be taken

not to splinter or break off the ends. Some

FINISH OFF WITH V400TH
PLANE STRAIGHT ACROSS

29.12(68C)FX
Figure 3-88. Using a straight stroke for finish- 29.12Eing a surface. Figure 3-90. Block plane and nomenclature.

APPLY PRESSURE HERE
AT START OF CUT

APPLY PRESSURE HERE
AT END OF CUT WILL

NOT
TIP

US! OF A BLOCK TO
KEEP SIDES SQUARE

(END VIEW )

90° GRIP WOOD 51RIP
TIGHTLY TO PLANE
SCALE AS GUM!

Figure 3-89. Procedure for planing an edge.
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of the methods of avoiding this are illustrated
in figure 3-92.

There are several different kinds of special
planes used by Patternmakers. The ROUTER
PLANE (fig. 3-93) has a cutting bit which can
be adjusted to cut at different depths below
the face of the stock. It is very useful in cutting
out recesses of depressions io a uniform depth
and in smoothing the bottom of grooves.

The CIRCULAR PLANE (fig. 3-94) has a
flexible steel sole which may be adjusted to
cut a convex or concave arc such as the outer
or inner surfaces of a wheel rim.

The CURVED-SOLE PLANE (figs. 3-95 and
3-96) is designed to plane curved surfaces.
The plane is equipped with a series of inter-
changeable soles of different degrees of curva-
ture. Cutting irons are ground to a curved
edge to match the particular sole being used.
This type of plane may be easily made in the
pattern shop. Construction details (a through f)
are shown in figure 3-97.

INDEX FINGER

KNORESTSB
ON

PALM OF HAND RESTS ON
UPPERMOST PARTS OFPLANE

'
VA. 11116

SIDES OF PLANE ARE
GRASPED BETWEEN THUMB

AND 2ND AND 3R0 FINGERS

29.12(68C)HX
Figure 3-91. How to hold a block plane.

44.110
Figure 3-92. Preventing splitting when planing

the edge of stock.
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29.12(68C)KX
Figure 3-93. Router plane.

29.12(68B)
Figure 3-94. Circular plane.

First remove the sole from an ordinary
smooth plane and replace it with a hardwood
base (a) about 12 to 14 inches long and 1/2
inch thick. Note that three metal plates (b)
are embedded in the base and are held in place
by small screws. Cut an opening (o) in the
base to provide a throat for the cutting blade.
Drill a circular hole with a slot (d) at one end
of each of the three metal plates. Make a number
of soles the size of the wood base and with
different degrees of curvature. Into each sole
insert three screws (f) spaced to fit the center
holes of the wooden base. Allow the heads of
the screws to project a little above the surface
of the sole. Pass the heads of the screws (f)
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29.12(68C)L
Figure 3-95. Curved sole plane.

29.12(68C)M
Figure 3-96. Use of the curved-sole plane.

through the holes in the wooden base (a) and pull
the sole back toward the rear of the plane. This
locks the heads of the screws firmly in the
slots (d) and clamps the sole to the body of
the plane.

The RABBET PLANE (fig. 3-98) is sometimes
referred to as the FILLISTER PLANE and is
used for planing dadoes, rabbets, and laps.
It differs from other planes in that the cutting

70
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29.12(68)EX
Figure 3 -97. Curved -sole plane.
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29.12(68C)NX
Figure 3-98.Rabbet planes.
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iron or blade extends completely across the face
of the plane.

A depth gage and a spur cutter are useful
attachments. Some rabbet planes, equipped with
convex soles, are useful for making wooden
fillets and for planing small concave grooves.

The SKEW-IRON RABBET PLANE has the
cutting edge of th- plane-iron set on a diagonal
across the face 4..i the plane and works more
smoothly than one in which the iron is set at
right angles to the side of the plane.

Another of the many variations of the rabbet
plane is the BULLNOSE RABBET PLANE (fig.
3-99). It is about 4 inches long and usually
uses a 1 inch cutting blade set well forward
in the plane. Because of its small size, it is
ideal for working in close quarters and in
corners.

The V-TYPE CORE BOX PLANE is designed
to smooth the curved surfaces of semicircular
core boxes. The sides of the plane are con-
structed at right angles to each other. The point
of the cutting blade is ground to an angle of
90°. The construction features of the V-type
core box plane are based on the geometrical
proposition that any angle scribed within a
semicircle will be a right angle. Thus when
the sides of the plane rest on the top edges
(b) and (c) as shown in figure 3-100, the cutting
blade will always cut on the circumference of
the curved surface.

The V-type core box plane is different from
other planes in that it can be used either on
the right-hand or left-hand side. This feature
is useful when making long core boxes which
cannot be reversed and in the making of long
tapered core boxes where you have to plane with

29.12(68C)P
Figure 3-99. Bullnose rabbet plane.
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29.12(68)CX
Figure 3-100. V-type core box plane.

the grain of the wood. Although the V-type core
box plane is designed for either right-hand or
left-hand use, the cutting edge of the blade can
be rounded over, thereby allowing slightly more
ease in the setting of the blade. In cases where
core boxes cannot be reversed, it is convenient
to have two cutter blades, one with the left
edge rounded over for left-hand planing and
one with the right edge rounded over for right-
hand planing.

The plane is also designed for additional
sides to be added for the planing of core boxes
of larger diameters. These sides are called
additional sections. Without these additional
sections, the V-type core box plane is limited
in the size of the box that can be cut. With the
additional sections added to the side of the plane,
the range of the plane is increased to the
cutting of boxes up to five inches in diameter.
The additional sections are held in position with
adjusting rods to hold the sides square and
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firmly in position. Each additional pair of
sections added to the plane increases the range
of the plane by adding 2 1/2 inches to the
diameter that can be cut.

The only objection to this type of core box
plane is that while it is being used for cutting
the semicircular cavity in the pattern material,
the corners of the semicircular cavity are
worn off. However, this can be overcome by
using hardwood strips tacked on the top surface
of the pattern material along the core outline,
just outside the material to b6 cut. The hard-
wood strips form rests for the sides of the
plane only while the heavier part of the work
is being done and mist be removed prior to
making the finish cut.

The RADIAL CORE BOX PLANE (fig. 3-101)
is designed to make straight circular core
boxes ranging from 3/4 inch to 6 inches in
diameter. It is simple in design and once the
proper adjustments are made, very little skill

PARALLEL
GUIDE

HANDLE

PAWL

RATCHET

is necessary to produce an accurate semicircular
core box. Due to the ease with which the radial
core box plane can be used, it is frequently
found in shipboard pattern shops. The radial
core box plane is limited in that it cannot cut
tapered core boxes, and therefore it should
not be considered as a substitute for the V-type
core box plane.

The radial core box plane, shown in figure
3-101, is simply a rotating cutter attached to a
ratchet mechanism swung between two parallel
guides. The parallel guides fit the outside sur-
face of the material to be cut. In the operation
of the plane, the rotating cutter is brought into
operation by pressing the handle in the direction
of the cut to be made. The pressure on the
handle causes the pawl to engage the ratchet
which in turn revolves the cutter bit bar several
degrees in a downward arc. The pressure on
the handle is kept constant while the plane is
pushed forward until one continuous out is made
the full length of the core box. The parallel

LOCKING NUT

ROUND
ADJUSTING

ROOS

CUTTER BIT BAR

Figure 3-101. Radial core box plane.
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guides are of sufficient length to retain their
position on the outside of the core box after
each cut is made. At the completion of the
forward cut, the pressure on the handle is
released and the plane is drawn back to its
original position. As the plane is drawn back,
the ratchet pawl is released, so that any forward
motion (pressure) on the handle will engage the
ratchet, causing the cutter blade to rotate into
position for another cut. Each cut is made the
full length of the box until a true semicircular
cavity is cut to the desired radius.

The SPOKESHAVE shown in figure 3-102
may be considered a small transverse plane
with end handles Spokeshaves are generally
used for cutting and shaving surfaces that are
irregular and uneven when a hand plane cannot
be used. The spokeshave is made in a variety
of sizes and shapes with concave and convex
bottoms.

The CORNERING TOOL, shown in figure
3-103, is used for rounding the corners of
patterns. It is a flat, steel bar that is shaped

41:-Ali1Olit-

ommailiemb
68,8(68B)

Figure 3 -102. Spokeshaves.

68.9X
Figure 3-103. Corner rounding tool.
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and ground at each end to form au elliptical
cutting edge. The elliptical shape enables you to
cut a limited depth in either direction, that is,
when pushing the tool away from you or pulling
it toward you.

The MITER BOX (fig. 3-104) is a tool designed
to hold and to guide a saw at a preset angle
during sawing operations. It is adjustable so
that cuts may be made at other angles as well
as mitering on the 450 angle. The device is
especially useful in making various polygonal
forms required in segmental pattern construction.

FORCING AND HOLDING TOOLS

The forcing and holding group of handtools,
illustrated in figure 3-105, is almost likely
already familiar to you.

The CARPENTER'S HAM VIER is made in
various weights. The two best suited for r.ttern
work are the 13-ounce and 14-ounce hammers.

Figure 3-104.Miter box.
68.10X
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Figure 3-105. Forcing and holding tools.

The head of the hammer is of forged steel,
designed with claws for pulling nails and with
a hardened face for driving.

The PATTERNMAKER'S HAMMER is a
smaller version of the carpenter's hammer,
weighing 7 ounces.

The LONG-HEAD HAMMER is used chiefly
on E mall and medium-sized work. The long end
of the hammer is used for driving in a narrow
or awkward space.

A MALLET is used primarily with chisels
and gouges. To protect the handles of these
tools, mallet heads of beech, maple, rawhide,
or solid rubber are best.
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The BRAD AWL is used to piece holes in
wood when it is necessary to bore a small hole
before driving a brad or nail in place. The brad
awl has a tapered blade, and it is available in
three sizes: 1/16, 3/32, and 1/S inch.

The MAGNETIC BRAD SET is used to insert
small brads in otherwise inaccessible to reach
locations on the pattern.

The UNIVERSAL VISE is the most convenient
holding device for pattern finishing. This vise
is adjustable for holding the pattern at any
desired angle.

CLAMPS are used primarily for holding parts
being glued together. The JORGENSEN type is
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commonly called the hand clamp or parallel
clamp. It has wooden jaws and adjustable steel
screws with which the. angle of the jaws may be
adjusted to fit the work or to overlap one jaw
beyond the other.

The CABINET CLAMP concentrates pressure
on a small area. It is used to hold stock of
quite large width that is being glued together.
This clamp is manufactured with either a screw
type of adjustment or an eccentric which tightens
the clamp instantly.

The C-CLAMP is available in several styles.
It ranges from a 2-inch to an 18-inc1. opening
and from a 1 I/4- to 416inch depth.

The PINCH DOG is used to clamp pieces of
wood together during gluing operations when
clamps cannot be used. It is also used to clamp
pieces of wood together temporarily. The outsides
of the two points are parallel to each other,
but the inside is tapered. (See fig. 3-105.) As
Cie pinch dog is driven into the wood, the taper
draws the surfaces of the pieces tightly together.
Hammering should not be done in the middle of
the pinch dog. It should be done, alternately,
first over one point and then over the other.
Continuous hammering in the middle of the pinch
dog will spring it, and in time, make is useless.

ABRAWNG TOOLS

After planes, chisels, and other edged tools
have become duU from use, they must be re-
sharpened. In order to do good work, they r.stist
have a keen cutting edge at all times. The
cutting edge obtained by grinding a tool is too
rough for paring or carving operations. It is
therefore necessary to dress the edge further by
whetting it on an OILSTONE. (See fig. 3-106
for the abrading tools group used by the Pattern-
ma ker.)

The cutting edge is placed on the oilstone so
that the entire ground edge is bearing on it.
Next, the ground edge is rubbed steadily back
and forth with long strokes in an elliptical path.
Check the edge from time to time and observe
the results. To complete the whetting, lay the
tool on its flat face and rub it back and forth
parallel to the cutting edge.

During the whetting operation, oil should be
applied freely to the surface of the stone. This
washes away the grindings L id prevents the
surface of the stone from becoming cloggeu or
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Figure 3-106. Abrading tools.

glazed. Wipe the surface frequently with waste
or a rag cloth. Before a new stone is put into
use, it should be soaked in oil for several da
Machine oil of a very light viscosity, or ordinary
machine oil cut with kerosene, should be used.

There are several types of oilstones. The
rectangular-faced stone is the most commonly
used type. There is a tendency when using it to
whet back ands rth in the center of the atone,
eventuady producing a dip or hollow on its
face. disk-shaped type is considered superior
to the rectangular-faced type because it allows
a rotary motion while whetting, so that the wear
on the stone is more evenly distributed.

SLIPSTONES, of the oilstone type, are used
to whet the cutting edges of gouges and carving
tools. During the whetting operations, however,
the slipstone is moved back and forth instead
of the tool being moved.

The Navy Stock List of General Stores lists
more than a page of files and rasps suitable
for pattern work. Only the HALF-ROUND
CABINET FILE and the HALF-ROUND CABINET
RASP are needed for ordinary work. The most
useful sizes are 6, 8, and 10 inches.

CARE AND REPAIR OF TOOLS

By this time, you are thoroughly familiar
with the Navy practice of keeping everything
shipshape. In the pattern shop, this practice is
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most important to the successful performance
of your duties. Use each tool or instrument in
the manner and for the purpose for which it
was designed. If tools and instruments are not
properly handled, they will not be in condition
to be used to do your job. Learn to handle each
one in the ,,vrect manner so that it will be ready
for use 1; times.

Here L.*:- several reminders that you will
find of assistance in caring for tools: (1) each
tool or instrument should be kept clean; (2) tools
should be wiped with an oily rag occasionally
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to prevent rusting; (3) whenever tools are not in
use, they should be put away; (4) if a tool or
instrument is damaged or nicked, it should not
be used until repaired; (5) when laying down
chisels and other cutting tools, after using them,
keep them away from the edge of the workbench
and also turn their cutting edges away from
you.

Possibly your biggest maintenance job will
be that of keeping your tools sharp. The care
and maintenance of handtools is fully covered
in Tools and Their Uses, NAVPERS 10085-8.



CHAPTER 4

POWER-DRIVEN PORTABLE HANDTOOLS

There are a limited number of portable
power tools manufactured specifically for pattern
work. Also, some of the more common portable
power tools can be adapted to pattern work.
However, the use of portable power tools in
patternmaldng is limited because of the high
degree of accuracy required of pattern work.

Although your primary function as a Pattern-
ma :er is to manufacture patterns for the foundry,
there are many other jobs that you will be called
upon to make because as a PM, you are
considered to be the finest wood craftsman
available. Many of these jobs will involve
carpentry skills such* as shoring, paneling, and
building scaffolds. Others will involve the skills
of the cabinetmaker and the furniture maker
in making such items as bookcases, desks,
cabinets, and plaque backs. Therefore, it is
necessary for you to be famtliar with some of
the tools of these trades.

While it is understood that we cannot possibly
cover all of the portable power tools that are
available, this chapter will discuss those that
are most common and usually found in the pattern
or carpenter shops aboard ship.

Most portable power tools are either electric
or air driven. The most common variety used
for woodworking is electrical.

There are several safety and operating
precautions that are relevant to all electrical
tools, the most important of which are those
related to electrical shook.

Electrical tools are manufactured in such a
way that all current-carrying parts are insulated
from the housings and handles and are laboratory
tested to ensure that they are safe to use when
new. However, if the power unit is overloaded
to the point of burnout, the tool dropped, the
switch damaged, the supply cord jerked or other-
wise abused, or the tool subjected to any other
form of abuse, a "hot" conductor may come
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in contact with the tool housing and you may
receive a serious electrical shock.

The electrical shock hazard is minimizee.
by providing a low resistance grounding wire
between the tool housing and a positive ground.

All portable electric power tools aboard
ship must have a three-wire cord of sufficient
length to allow freedom to use the tool and a
plug such as the one shown in figure 4-1. The
round prong on the plug is the ground. This
type of plug is designed to fit the grounding
type convenience outlet shown in figure 4-2.
If this type of outlet is not available, a special
adapter may be used such as the one shown in
figure 4-3. It consists of the standard two prongs
and a wire lead. The lead is the ground wire and
must be connected to a positive ground before
you use the tool. Never use a portable electric
tool without first grounding it. A 120-volt shock
can very easily kill you.

Many portable electric tool housings are now
being made of a special high impact plastic
which is more resistanttodamage than aluminum.
The plastic also helps to minimize the electrical
shock hazard. However, the use of this plastic
does not eliminate the chance of shock, nor
does it eliminate the need of a positive ground.

Because portable electric power tools made
by specific manufacturers will differ, the best
informatidn concerning maintenance of these
tools will be found in the manufacturer's in-
struction booklet provided with each tool.

In order to kedp your tools in good operating
order, you must rigidly adhere to these
instructions.

If, for some reason, a manufacturer's
instruction booklet is not available, a letter
written to the specific manufacturer's sales
and service office listing the model number,
size, type, and duty rating of the particular
tool will usually get you one by return mail.
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USE THE CORRECT PLUG !

SAFETY
GROUND

PIN

MAKE CERTAIN THAT THE TOOLS
YOU USE HAVE A SAFETY PLUG
AND CORD WITH INTEGRAL
GROUNDING CONDUCTOR.

GROUNDING SLAV_

40.67(67C)A
Figure 4-1. Three-wire grounding plug.

40.67(67C)A
Figure 4 -2. Grounding type convenience outlet.

5.13(68C)X
Figure 4-3. Grounding adapter.

6. Never use an electric tool while standing
on a wet or damp deck.

7. Do not wear loose clothing, ties, dog
tags, or the like, which might become caught
in the tool you are using.

8. Make certain that the electric cord does
not become fouled during the operation of theGENERAL SAFE1 Y PRECAUTIONS tool.

FOR PORTABLE POWER TOOLS

1. Before using the tool, inspect the electric
cord for breaks or signs of abuse.

2. Inspect the tool and ensure that it is in
good condition, properly lubricated, that all
adjustments are tight, blades and cutters are
sharp, and that all safety guards are present
and in good operating order, Ensure that the
switch is in the OFF position.

3. Ensure that you are connecting to the
proper electrical supply.

4. Make certain that the tool is properly
connected to the electric circuit and safely
grounded.

5. Never use electric tools in an area
containing explosive or combustible liquids or
gases.

9. 111 not work on any material, unless
it is securely fastened so that it will not slip
or twist.

10. Keep tools dry and protected from damp-
ness and dirt.

11. Always use all of the safety guards
provided.

12. Always disconnect the tool from itspower
source before changing blades, drill bits, cutters,
sandpaper, etc.

13. Thoroughly clean the tool before re-
stowing.

14. THINK: For the most part, safety is just
simple logic. Most accidents are caused by
thoughtlessness.
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PORTABLE ELECTRIC
CIRCULAR SAW

The portable electric circular saw is a light
weight, high speed cutting tool that can be used
for cutting a wide variety of materials and
making special cuts when used with the
appropriate cutting blade.

The saw is available as a standard duty or
heavy duty tool and in horsepowerratings ranging
from 1/6 to 1 1/2 hp, with speeds ranging from
1800 to 5500 rpm.

The size of the portable electric circular saw
is determined by the diameter of the blade which
the saw is designed to use. For instance, a
saw designated as a 7 1/4 inch size will have
a 7 1/4 inch diameter cutting blade. This saw
is available in sizes ranging from 4 to 12 inches.
The most popular size for shop use is the 7 1/4
inch heavy duty saw. However, a 10 inch heavy
duty saw is the size usually found in the repair
lockers aboard ship.

The voltage requirement for most portable
electric saws is 120 volts a-c, but they are

GUARD
GUIDE N.,.

TRIGGER
SWITCH

also made for 220 to 550 volts for either a-c
or d-c current.

A typical portable electric circular saw is
shown in figure 4-4. The motor housing, base,
and handle are aluminum, while the adjusting
knobs and end bell of the motoz are plastic.

The saw is provided with a depth adjustment
device which allows you to adjust the cutting
depth of the blade and a bevel adjustment which
allows angular adjustment from 90 to 45 degrees.
See figure 4-5.

Another adjustment is provided through the
use of the rip guide shown in figure 4-6. Two
small knurled screws on the front of the saw
base allow quick installation and setting of the
rip guide and hold it firmly in position.

NOTE: It is not recommended to use the
graduations on the rip guide when a high degree
of accuracy is important.

Blade safety guards differ among manufac-
turers, but usually cover the front and bottom
of the blade. The blade guard shown in figure
4-4 is a spring loaded, telescoping type which
automatically returns to the closed position
when the cut is finished.

3-WIRE CORD
ARMATURE

COMMUTATOR

BRUSH

DEPTH SCALE
DEPTH ADJUSTING

KNOBBLADE

GUARD AND
SAW BASE

BEVEL SCALE

KICK-PROOF
CLUTCH

BEVEL ADJUSTING
THUMBSCREW

RIP GUIDE SLOT

29.188(68C)AX

Figure 4-4, Portable electric power saw, VIheavy duty.
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An additional feature of the saw shown in
figure 4-4 is the kick-proof clutch. This feature
is in the form of a special washer designed to 0,
relieve motor strain and possible motor burnout,
but most importantly, to minimize the possibility
of the saw kicking back at the operator.

The control switch of the saw, located in the
handle, is a trigger type which requires constant
pressure to keep it in the ON position.

USING THE CIRCULAR SAW

The first consideration that must be taken
before starting any cut is the selection of the
proper cutting blade for the particular type of
material or type of cut to be made.

THUMBSCREW cet There are numerous cutting blades available
for the portable circular saw which enable you
to make various cuts on materials such as
wood, plywood, fiberboard, plastics, and soft-
metals.

You will be primarily concerned with the
29.133(68C)BX three most common wood cutting blades which

Figure 4 -5. Knob A controls the depth of cut. are the rip, crosscut, and combination blades
Thumbscrew B controls the bevel adjustment, shown in figure 4-7.

The combination blade, designed to both
crosscut and rip, is the blade generally used
most frequently in the saw.

Saws made by specific manufacturers will
differ. Therefore, the best information concerning
methods of changing blades will be found in the
manufacturer's instruction booklet provided with
each saw.

Although we will not attempt to discuss the
procedure for making all the various cuts possible
with the portable circular saw, we will cover
the step by step procedure for making the two
most common cuts which are ripping and cross-
cutting.

r

be done with either the combinationor crosscut
blade. However, a much smoother cut will be7

made with the crosscut blade. The steps of the
procedure for crosscutting are as follows:

)..

1. Be sure that the work to be cut is solidly
supported.

2. Adjust the depth of out so that the blade
29,133(68C) CX will extend through the material to the extent

Figure 4-6. Rip guide set for 1 1/4" width of that the gullets of the teeth clear the thickness
rip. Broken arrow indicates blade rotation. of the material as in figure 4-8.

Crosscutting

.

Crosscutting (cutting across the grain) may
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68.202X

Figure 4-7. Common blade types for portable circular saw. A. Crosscut B. Rip C. Combination

68.203X
Figure 4-8. Depth setting for average cutting.

3. Be sure that the angle adjustment device
is set and locked at zero or the desired angle
for bevel cuts.

4. Ensure that the blade guard is operating
freely and in the proper position.

5. Plug the saw into the proper power
outlet, making certain that the electric cord
is properly grounded and positioned so that it
will not become fouled during the sawing
operation.

6. Grasp the handle of the saw firmly with
the forefinger ready to operate the trigger switch.
Keep the other hand well out of danger.

7. Place the front of the saw base on the
work so that the guide mark on the front plate
and the line of cut are in line.

8. With the blade well clear of the work,
start the saw and allow the blade to attain full
cutting speed.

9. Advance the saw into the wood, following
the line of cut with the guide mark, Save the
full cutting line. As you become proficient with
the saw, only half of the cutting line should be
saved.

10. Guide the saw steadily through the cut.
If the saw stalls, do not release the trigger
switch. Instead, carefully back the saw enough
to allow it to resume speed and then continue
the cut. A wedge placed in the saw kerf will
help prevent the saw's binding when cutting
wide boards.

NOTE: If the saw stalls excessively, dis-
connect the power ;lord and check the blade for
dullness or lack of set.

11. When the end of the cut is reached,
release the trigger switch and allow the blade
to follow through as you lift the saw out and away
from the work. Take care not to twist the saw
as it is removed, as this will score the work.

12. Ensure that the blade guard has returned
to the closed position before laying the saw
down.

NOTE: NEVER bring the saw to resat against
your leg or any other part of your body. The
blade guard can become jammed, leaving the
blade exposed. This woulcl result in serious
injury.
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Ripping

Ripping (cutting with the grain) is generally
more difficult than crosscutting because of the
length of the cut. This cut can be made with
either the combination or the rip blade. If
smooth cut is required, use the rip blade.

Some important 'items to bear in mind when
ripping with the portable saw are:

1. The material being cut must be well
supported and not allowed to sag.

2. The material must be securely held in
position.

3. The cutting blade must not cut into the
supporting material.
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The steps of the procedure for ripping are
as follows:

1. Insert the rip guide into the saw frame.
The guide may be inserted into either side of
the frame for both wide or narrow widths.

2. Adjust the rip guide to the desired width
and tighten the two thumbscrews to lock the
guide in position.

3. Proceed as in crosscutting, steps 2 through
12. If the saw kerf seems to close and bind
the blade, insert a wedge to open it and give
clearance to the blade.

If the ripping is so long that it will
be necessary to v'alk beside the material while
cutting, make the following additional prepara-
tions before making the cut:

1. Support a 2" x 12" plank at least as long
as the proposed cut, on two saw horses or other
solid foundation at a comfortable height for
cutting.

2. Place the material to be cut on the plank.
Allow its edge to project beyond the edge of
the plank about 1 inch more than the width of
the proposed cut. Tack the material to the plank
in this position, using nails that will hold it
securely at each end.

3. Be sure that you have a clear, unobstructed
place to walk while pushing the saw along the
required length, and see that the saw cord will
not become fouled while making the cut.

PORTABLE ELECTRIC
SABER SAW

The portable electric saber saw, figure 4-9,
is a relative newcomer to the woodworking
trades. It is a versatile machine often referred
to as the portable jigsaw as it is capable of
performing most of the operations common to
the jigsaw and bandsaw.

Saber saws are simple machines and all a. e
essentially the same, consisting of a power unit,
Easy, chuck. and switch. The saw blade may
travel in a straight up and down motion or in
an orbital path as shown in figure 4-10.

The power unit is usually 120 volts a-c or
d-c and is available in either standard or heavy
duty ratings. It must be remembered though, that
although the saw is available in the heavy duty
rating, it is not suitable for heavy duty work.
It is a slow cutting machine, the accuracy of
which is solely derendent on the skill of the
operator.

44.213(68C)X
Figure 4-9. Saber saw.

68.204X
Figure 4-10. Orbital action.

Because ,t the wide variety of blades made
for this saw, figure 4-11, it is capable of cutting
practically every type of construction material
as well as plastics, leather, rubber, and metals,
which ,.ncludes steel if the saw is used for short
periods of time.

Although the saber saw can be used for making
straight cuts, the main advantage is its ability
to cut curved or irregular work. The most
distinctive feature of the saber saw is its ability
to make pocket cuts without you having to drill
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A 7-TOOTH WOOD CUTTING

8 10-TOOTH WOOD CUTTING

C 14-TOOTH HIGH SPEED STEEL METAL CUTTING

0 32-100TH HIGH SPEED STEEL METAL CUTTING

E KNIFE (FOR FELT, PLASTICS, CARDBOARD, SPONGE RUBBER, ETC.)

F IS -TOOTH HIGH SPEED STEEL METAL CUTTING

G 24-TOOTH HIGH SPEED STEEL METAL CUTTING

\s, lo F

10 G

Figure 4-11. Types of saber saw blades.

a preliminary hole or make a lead-in cut. This
feature is re:erred to as "plunge cutting."

In order to make a plunge cut, first measure
the area to be cut out and mark it clearly with
a scribe, pattern knife, or pencil. Choose a
convenient starting point and hold the saw over
that point and inside the line of the waste.
Next, tip the machine forward until the front
edge of the base rests firmly on the surface of
the material and the top of the blade is well
clear of the work surface is in iigure 4-12.
Start the motor and, after the blade has reached
its full speed, lower the back of the machine
and the blade will bite smoothly into the surface
and down to its full depth. Do not move the
machine forward until the base is fully seated
on the surface of the work. As soon as the saw
is fully seated on the stock; guide it along the
inside of the marked area. If sharp corners
are desired, cut right up to the corner of the
marked edge. Stop and back up just a little,
start the turn, and cut along the side. r the
same at each corner until you end up whex you
started. Now, go back and cut Into each corner
from the opposite direction. The base of the
machine is wicle enough so that you will have
a solid guiding surface on either side of the
cut.

When cutting with the saber saw, never force
the machine. This will result in a rough cut,
may damage the motor, and will surely break
the blade.
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29.15(680X
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68.205X
Figure 4-12. Starting the plunge cut.

PORTABLE ELECTRIC SANIvr'rtS

While the portable electric s^ nders are seldom
use in the manufacture of patterns, they are
used extensively in the Navy's woodworking shops
for finishing cabinet work and carpentry projects
as they are great time savers.

There are three basic types of portable
electric sanders, belt, disk, and finishing.

BELT SANDERS

In woodworking, the belt sander is the most
widely used of the portable sanders as it is
fast, versatile, and can rough sand as well as
finish sand.
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Typical belt sande I's are shown in figures
4-13 and 4-14 with the component parts identified.

The belt sander is usually equipped with a
110 volts a-c or d-c motor delivering from
3/4 to 1 1/4 hp. This power is transmitted from
the motor to the rubber-covered traction wheel,
figure 4-4, through a set of reduction gears
on the heavy duty models or a belt drive on the
lighter duty models. The traction wheel drives
an endless abrasive belt over the idler wheel
in the front of the machine. This wheel not only
serves as a support for the abrasive belt, but
also functions to center (track) the belt on the
sander.

A dust collector, figure 4-13, is available
as an added feature for most belt sanders. It
consists of a small air impeller which pulls
the dust through itself and deposits it into a
dust bag in much the same manner as a vacuum
cleaner.

Portable belt sanders are mace in 2, 3,4, and
4 1/2 inch sizes. The size is determined by
the width of abrasive belt that the particular
sander is designed to use.

Portable belt sanders also vary from 21 to
26 inches in the length of the abrasive belt
that the particular sander is designed to use,
Sometimes this measurement is included in the
size description of the sander. For instance,
you may have a 4 1/2 x 26 inch portable belt
sander in your shop. This tells you that this
particular sander will use only an abrasive belt
measuring 4 1/2 inches wide and 26 inches long.

Abrasive Belts

Abrasive belts designed for the portable
belt sander are either cloth or paper at 1 are
coated with une of three types of abrasive
material (grit); garnet, aluminum oxide, or
silicon carbide.

Garnet is the softest of these three materials.
It is used as an abrasive coating over paper
belts and is only suitable for soft textured
woods.

Aluminum oxide is a harder and more durable
abrasive. It is applied to cloth belts and may be
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Figure 4-13. Heavy duty portable belt sander.
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Figure 4-14. Cutaway of a light duty portable belt sander.

used for sanding all wc,)ds as well as nonferrous
metals. Although aluminum oxide belts are more
expensive than garnet belts, most craftsmen
prefer to use them.

Silicon carbide is an extremely hard abrasive
that is seldom used in the carpenter shop. It
is used primarily for sanding stone, marble,
glass, and ferrous metals.

All sanding abrasives are classed as either
open coat or closed coat. This simply means
that the abrasive material is spaced apart or
close together. Open coat abrasive belts are
used for fast, rough sanding and are more
suited for soft woods. Close coat abrasive belts
are more suited for final finishing and for
hardwoods.

On the inside of every sanding belt is informa-
tion identifying the type of abrasive, belt material,
whether it is open or close coat, the coarseness
of the abrasive, and an arrow which is used as
a reference in mounting the belt. This arrow
must always point in the direction of rotation.

29.139(68C)BX

More information on sanding abrasives is
contained in chapter 6 of this manual.

Belt Installation

The steps of the procedure for installing
sanding belts are as follows:

1. After selecting the right size belt having
the proper abrasive grit for the job, lay the
sander on its left side and retract the idler
wheel by releasing the tension release lever
(fig. 4-15). This decreases the span between
the traction wheel and the idler wheel which
permits the belt to be easily slipped into place.

Position the belt on the traction and idler
wheels so the outer edge of the belt is flush
with the ends of both wheels and the arrow
inside the belt is pointing in the direction of
rotation (fig. 4-15).

R. Reset the tension release lever to restore
tension on the belt.
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TENSION RELEASE
LEVER

29.139(68C) CX
Figure 4-15. Changing sanding belt.

The next step is to Vac: the belt. Correct
tracking is very important as either the sander
or the work will be damag :d if the belt is allowed
to run off center.

To track the belt, hold the sander by its
rear handle with the right :staid aanci tilt the
sander back sr. the belt is running free. Start
the motor and adjust the belt track adjusting
screw either right or left (fig. 4-16) until the
belt runs in the center of the traction and
idler wheels.

The track will usually have to be readjusted
from time to time as the sanding belts have a
tendency to stretch.

NOTE: NEVER operate the belt sander with
the belt running off center.

Operation of the Belt Sander

It is important to know how to use a belt
sander properly. Since it is a fast cutting machine,
it can ruin a job very easily if used improperly,
and has done so on many occasions.

The best way to learn how to use the belt
sander is to practice on scrap material until
you are thoroughly familiar with the "feel" of
it. The following are general procedures to be
followed in using the belt sander:

1. lways be sure that the work to be sanded
is secured so that it cannot move. The belt
sander exerts a tremendous pulling force which
can move very large work.

86

29.139(68C) DX
Figure 4-16. Aligning belt.

2. After complying with the general safety
precautions discussed in the front of this chapter,
lift the sander from the work by grasping both
the front and rear handles and start the motor.

3. Carefully place the moving belt on the
surface of the work, letting the rear of the belt
gently touch first.

4. Move the sander forward as you level it.
Do not press down on the sander. The weight
of the machine is sufficient to produce the
necessary sanding action.

5. Keep the sander moving with long over-
lapping strokes. Never pause during the sanding
operation at the sander will quickly sand a
depression in the work.

6. Be especially careful not to let the front
or back of the sander drop when running out
to the end of the work as this will round the
edges.

7. Upon completion of sanding, lift the sander
from the work and then slop the motor. Do not
stop the sander while it is resting on the work,
as this will ten i to tear the grain of the wood
and result in a rough surface.

When it is necessary to remove a large
amount of material, use a coarse belt and position
the sander diagonally to the grain of the wood,
first left and then right, while moving the sander
with the grain of the wood in overlapping strokes.
This produces a faster sanding action and
minimizes the possibility of creating an uneven
surface.
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When finish sanding, always use a fine grit
abrasive belt and always position the sander
parallel to the grain of the wood.

The belt sander can also be used for sanding
concave surfaces with the addition of the special
shoe base shown in figure 4-17. It is used in
place of the regular shoe base and has a soft
rubber base which permits the belt to conform
to curved and irregular surfaces.

FINISHING SANDER

The finishing sander (fig. 4-18) is designed
for fine sanding where only a small amount of
material must be removed to obtain a desired
degree of surface smoothness.

:^,
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29.139(68C)EX
Figure 4-17. Special concave sanding shoe

mounted on a belt sander.
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Prior to the development of the finishing

sander, this phase of finishing had to be done by
hand and was tedious and time consuming. While
the finishing sander is not suited for all finish
sanding operations and should not be used for
finish sanding patterns, it is a very effective
timesaver when used on cabinet and carpentry
projects.

There are three types of finishing sanders
made-- orbital, reciprocating, and combination
orbital-reciprocating, and they are available in
either heavy duty or standard duty ratings,

The orbital sander moves the sanding pad
in a circular motion and is preferred for general
finish work, as it cuts faster than the
reciprocating type. However, it does leave small
(3/16" to 1/4") swirls on the surface which can
be objectionable if a high quality finish is desired,

The reciprocating sander is usually a
vibrator type machine and sands with a slight
back and forth motion. While this machine is
much slower than the orbital sander, it produces
a fine quality, with the grain finish that is
suitable for the finest of finishes.

The most versatile finishing sander made is
the orbital-reciprocating type. By moving a
lever located above the sanding pad, the machine
can be made to sand with an orbital or recipro-
cating action.

The pad length of most finish sanders is
slightly shorter than the width of a standard
sheet of sandpaper and the pad width is usually
equal to 1/3 of the length of a standard sheet
of sandpaper. This enables you to out three
sanding pads from a sheet and attach them to
the machine as needed by slipping them under

LOCK BAR
B

PAD PLATE KEY DEVICES

Figure 4-18. Typical finishing sanders.
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a spring or friction device located on each end
of the sander and pulling them tight (fig. 4-19).
Special care must be taken in order to keep the
sandpaper tight )n the sander othe-wise, the
motion of the machine will not be transmitted
to the sandpaper.

The selection af the right type and grit of
coated abrasive for a partioular job is important
in finish sanding.

The artificial abrasives (silicon carbide and
aluminum oxide) are best as they last longer and
cut faater. However, the natural abrasives (garnet
and flint) are very often used for sanding soft
woods and for removing old finishes as they
cost a great deal less.

Table 4-1 is a table of abrasives which will
be helpful in choosing the right abrasive for
most jobs.

DISK SANDER

The portable electric disk sander is a good
machine for removing old finishes and for rough
sanding, but is not cnitnble for finish sanding
wood.

Figure 4-20 shows the two types of disk
sanders that are usually found aboa-d Navy
ships.

.

The disk sander is made in heavy and standard
duty ratings and is available in a wide variety
of speed ranges,

When using the disk sander, tip the machine
slightly with just enough pressure to bend the
disk as shown in figure 4-21. Be sure to keep
the sander moving, preferably in long-sweeping
arcs, to minimize the possibility of gouging
the surface.

PORTABLE ELECTRIC
HAND DRILL

The portable electric hand drill is probably
the most used of all portable tools. It is made
in more types, capacities, and by more manu-
facturers than any other portable power tool.
A lightweight 1/4" capacity pietol r'rill is shown
in view A of figure 4-22. A heavy duty 1/2"
short type drill shown in view B of figure 4-22,
is ciasigned to get into tight spots, and ideal for
heavy boat work.

The size of electric drills is determined by
the maximum drill diameter that the chuck will
hold. Common sizes are 1/4", 5/16", 3/8",
1/2", 5/8", 8/4", and 1". The chuck speed,
which is fixed for each size drill, decreases as
the size of the drill increases, The drill speed of
a 1/4" drill, for instance, might be 2000 rpm
at no load. The same type drill in 5/16" size

ti

Figure 4-19. Mounting sandpaper on finishing sander.
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Table 4-1. Abrasive Recommendations for Finishing Sanders

RIND OF MATERIAL apioval. MATERIAL REMOVAL
WITH FAIR FINISH FINE FINISH

MATERIAL SIZE
GMT or CUT

GRIT Of GRIT
SIZE

GRIT OF GSM
SIZE

Salt Wood
Solt Wallboard

Cabinet
Paper 2.1
(Garnet)

Cabinet
Paper 1/2.2/0
(Garnet) J

Finishing
'Paper 3/0.5/0

(Garnet)

Plastics
Cabinet Paper
(Aluminum 60.100
Oxicie)

I

220

Wet Paper
"C** Weight
(Silicon

120.

Carbide) f

Wet Paper t

-A.- Weight l,
(Silicon ( 240.600

Carbide) J

Hard Wood
Hard Compositions
Wallboards. Etc.

Cabinet Paper
(Aluminum
Oxide)

36.50
Cabinet Paper
(Aluminum 60-100
Oxide)

Finishing
Paper (Mimi 120-180
num Oxide)

Suit Metals
Metal Working
Cloth (Alumi 36.60
num Oxide)

Cabinst Paper
(Aluminum 80.120
Oxide) I

Wet Paper .1

(Silicon (,. 150.320
Carbide) i

Hard Metals
Metal Working 1
Cloth (Alumi- r 4040
num Oxide) 1

Metal Working
Cloth (Alumi 80.120
num Oxide)

Metal Working 1
Clod) in Oil I. 150.320
(Aluminum

J

or crocus
Oxide)

Hard Brittle
Minerals and
Ccenpositions

Cabinet Paper
(Aluminum 5040
Oxide)

Finishing 1

Paper (Miami r 100.180
num Oxide) .1

Wet Paper 1

"A" Weight l
(Silicon

2:0.320

Carbide) f
Hard Tough
Minerals and
Compositions

Metal Workiag
Cloth (Alumi
num Oxide)

Metal Working 1

Cloth (Alumi iN. 80.120
num Oxide) 1

Finishing
Paper (Alumi 150.320
num Oxide)

Paints and
Varnishes

Cabinet Paper
(Opentoat 1. 21/2-11/2

Garnet) ,

Wet Paper 1

"A" Weight ( 240.400
(Silicon
Carbide) J .

is 1000 rpm at no load, and the 3/8" size of the
same drill is 860 rpm at no load.

The drill consists of a motor housing which
contains the power unit and a series of gears
for transferring the power to the chuck. The
chuck may be of the keyless type or the more
preferred key type. Both types contain hardened
steel jaws which are tightened and released with
a threaded sleeve.

Thilte are accessories mado for the portable
electric drill that enable you to use itfor sanding,
buffing, sawing (both as a saber saw and as a
circular saw), routing, as an electric screw-
driver, wire brushing, paint mixing, and grinding,
just to mention a few.

When using the portable electric drill, the
same safety precautions are to be observed as
wnen using any other portable power tool.

68.207X

PORTABLE ELECTRIC ROUTER

The router (fig. 4-23) is the most versatile
of all the portable power tools, for it both cuts
and shapes. It can do most of the jobs any other
power tool can do as well as the work of the
lathe, shaper, and other highly sophisticated
woodwor'zing equipment.

The primary parts of the router (fig. 4-24)
are much the same as those of other portable
power tools. It contains a base, a chuck to hold
the cutting tool, and a power unit which 12
usually more powerful than those of any other
portable power tool.

Basically, the router is designed to cut int6
the surface of the stock, routing out areas,
making all types of joints, shaping edges, cutting
grooves, mortising, or doing any cutting job
thay may need to be done. Actually, the router
can do about 90 percent of all woodworking
jobs.
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RUBBER
COVERED

GuIDE-GRIP

VENTS

RUBBER DISC
` LOCATION OF FIBER WASHER

VENTS

HANDLr

SWITCH

SWITCH LOCK BOTTOM

DATA

111111.110mr..

44.49(68C)X
Figure 4-20. Portable elects is disk sanders.

e%***11miggiS,
IP

41.

A LIGHTWEIGHT 1 DRILL4

B HEAVY DUTY -C. DRILL
2

4.35A(68C)X
Figure 4-22. Typical drill motors.

68.208X 68.209(680A
Figure 4-23. Portable router.Figure 4-21. Using disk sander.
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MOTOR
INDEX LINE

MOTOR UNIT

je.---- ELECTRIC CORD

BRUSH CAPS

MOTOR HOUSING
GUIDE PIN

DEPTH
ADJUSTMENT RING ---------114.--

-...111111MIk'

SPIRAL GROOVES -

ROUTER CHUCK
MOUNTED ON

MOTORSHAFT

BASE

HAND KNOB

SCREW HOLES ", N.... GUIDE HOLE FOR
FOk SUB-BASE -` STRAIGHT GAUGE UNIT

SUB- BASE

1 1 I

Figure 4-24. The router assembly.

The router depends on sharp, precision shaped
cutting bits and very high rpm (18,000 to 27,000
rpm) compared to 5,000 rpm for a high speed
drill motor. Because of this high speed, the
router is able to provide a cut that is smooth
and accurate, requiring little or no sanding.

The router is ideal for cutting decorative
edges, no matter how simple or intricate they
may be; it is probably used for this purpose
more than for any other. It can be used for many
other things such as trimming veneers and
plastic laminates, cutting out recesses to a
required depth, cutting out recesses for inlays,
making decorative cutouts, and as a high speed
grinder, just to mention a few.

The size of the router is determined by
its rated horsepower which ranges from 1/4 to
3 1/4 hp. The heavy duty routers (usually from
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1 to 3 1/4 hp) are referred to as production
machines and may weigh up to 25 lbs. These
machines are not suitable for some of the smaller,
more intricate jobs, but are still quite easy
to handle for their size.

The router chuck is a wrench tightened collet
type and is most commonly designed for 1/4"
shank bits. However, 1/8" to 1/2" collets are
available.

A knowledge of the bits made for the router
is necessary in order to use the machine
effectively.

Basically, there are two types of router
bits edge cutters and groove cutters. Rounding
over, cove, chamfering, beading, and rabbeting
bits are but a few of the edge cutting bits made
for the router. Some of the groove cutting bits
are the veining, V-groove, corebox, and dovetail.
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Some of the edge cutting bits have a "pilot"
below the cutting portion of the bit which acts
as a guide.

The standard material of whien bits are made
is high-speed steel. Most bag are also available
in tungsten carbide which will hold an edge
about twenty-five times longer than a standard
bit and are necessary when cutting fiberglass,
hard plastic, and hard plastic latnivites.

Figure 4-25 illustrates some of the bits
available for the router.

Figure 4-26 illustrates the grinding wheels
available for the router. These are important
to the upkeep of the router bits for these bits
must be kept si.arp at all times. A dull bit is
not only dangerc::: 3, but it can ruin a job. The
grinding wheels are specially shaped for
sharpening the intricate shapes of the router
bits.

Many nooks could and have been written on
the subject of using the router. Since this manual
cannot possibly begin to cover the subject fully,
we will only point out the few safety factors
involved when using the machine and go on to
discuss one of the many attachments for the
router the corebox machine.

The electrical safety precautions for the
router are the same as for all portable power
tools.

68.210
Figure 4-25. Router bits.

28.254(68C)
Figure 4-26. Grinding wheels for sharpening

router bits.

The mechanical safety precautions consist
of ensuring that the bit is wrench-tightened when
mounted into the machine and all other adjusting
devices are tight before starting the machine.
Always make a test cut on a piece of scrap
material before using the machine on the actual
job, always cut against the rotation of the machine,
and do not overload the machine by taking too
heavy or too fast a cut. If burning of the stock
occurs or the router is bogging down, you are
either taking too fast a cut, too heavy a cut, or
your bit is dull. Take the appropriate corrective
action before proceeding.

PORTABLE ELECTRIC
COREBOX MACHINE

One of the few portable power tools made
for pattern work is the corebox machine. It
is fast, accurate, and simple to operate which
makes it a definite asset in any pattern shop.

The corebox machine is a light weight (23
to 27 lbs.) machine which is designed to produce
cylindrical, spherical, or elbow-shaped cuts
complete with fillets and draft in less than half
the time (in most cases) required to accomplish
the same jobs on the lathe. It will work elbow
diameters up to 7 1/2" and leaves a smooth
and completely accurate finish, needing only
light finish sanding.

The corebox machine, figure 4-27, is
essentially a router motor mounted on a yoke so
as to eleong in a cIrcular arc from crank arms
which, in turn, are controlled in unison by hand
wheels at the will of the operator. The radius
of the cuts is controlled by adjustments of the
ends of the yoke along each crank arm.
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Figure 4-27. Corebox machine.
68.211

The entire machine is also designed to be
moved along the corebox or other work and is
provided with self-aligning guides for this
purpose. In this way, every cut is made perfectly
square with the center line.

Provision is made to limit the circular move-
ments of the cranks and, thus, the cutter at
any predetermined position in the arc. This is
accomplished by drill rods passing through the
yoke and adjusted vertically by set screws. The
end of these rods strike the base and limit the
cut to whatever degree of arc is desired from
0 to 45 degrees, using the top surface of the
box as zero. Beyond 45 degrees and up to 90
degrees (that is where the movement is more
nearly sideways than up and down), adjustable
triangles are provided which engage a pin on the
yoke itself.

On the left end of the machine under the
hand wheel is a click lever which may be ON or
OFF while operating. When ON, the click lever
rides on the hand wheel until the crank arm
reaches a level or zero position; then it auto-
matically locks the movement of the crank arms
in a starting or resetting position. Adjustment
for a larger diameter may be made while the
motor is running, after which both knurled hand
wheels on the crank arm must be tightened
securely by hand (no wrench is required). The
click arm is then released and allows the arm
to ride the wheel until a half circle cut is
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completed. Then the crank arms will lock again
at the zero point for another adjustment.

The click arm will stay in the OFF position
when not needed.

A brake tension is provided on the right end
of the machine under the hand wheel to be used
to lock the machine in any position either when
the cutter is in the box or when the cutter is
out. It is also used to provide certain tensions
for different operations.

A centerline and a dot center are provided
on each side of the machine to center same with
the center line on the job. The dot center is
used in connection with a pair of dividers to
check the center. If the first setting should
be off slightly when the trial cut is made, a
micrometer adjustment is provided on the right
hand side of the machine. The close adjustment
is made by turning the screw right or left after
the two screws in the sub-base have been
loosened. These screws hold the two base plates
together. A -er the close adjustment is made,
these two screws must again be tightened before
starting the machine.

PORTABLE ELECTRIC
POWER PLANE

The portable electric power plane (fig. 4-28)
is widely used for trimming panels, doors,
frames, etc. It is a precision tool capable of
exact depth of cut up to 3/16" on some of the
heavier models. However, the M92(iIIVIM safe
depth of cut on any model is 3/32" in any one
pass.

The power plane is available as a complete
unit or as an accessory for some routers and
can be used to good advantage on anything a hand
plane can be used on, except for surface planing.

The power plane is essentially a high speed
motor which drives a cutter bar, containing
either straight or spiral blades, at high speed.

Operating the power plane is simply a matter
of setting the depth of cut and passing the plane
over the work. The stock being planed should
be held in a vise, clamped to the edge of a bench,
or otherwise firmly held after first making
careful measurements of the piece, where it is
to fit, and determining how much material has
to be removed. Check the smoothness and
straightness of all the edges. If a smoothing
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Figure 4-28. Portable electric power plane.

cut is desired, make that first, then check
the dimensions again. Make as many passes
as necessary with the plane to reach the desired
dimension, checking frequently so as not to
remove too much. The greater the depth of the
cut, the slower you must feed the tool into the
work. Feed pressure should be enough to keep
the tool cutting, but not so much as to slow it
down excessively. Keep chips off the work, as
they can mar the surface as the tool passes
over them.

The L-shaped base or fence of the plane
should be pressed snugly against the work when
planing, assuring that the edge will be cut square.
For bevel cuts, loosen the setscrew on the base,
set the base at the desired bevel, and tighten
the setscrew.
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PORTABLE ELECTRIC
POWER BLOCK PLANE

68.212X

The power block plane (fig. 4-29) is simply
a small version of the power plane. However,
it can be used for surface cutting as well as
edge cutting, but only where small amounts of
material must be removed.

In order to use the plane, grasp the plane
as shown in figure 4-30. The index finger is
used to actuate the switch. Next determine the
grain direction of the stock and position yourself
to cut with the grain. Start the plane. After
the plane has attained full speed, rest the forward
part of the base firmly on the surface to be
planed and slowly move the plane forward so
the blade contacts the surface. Continue moving
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the . plane slowly across the surface without
forcing it. Towards the end of the cut, apply
greater pressure at the rear of the base so that
the plane does not tilt and roll over the edge.
Upon completion of planing, lift the plane clear
of the work, before turning tht switch off.

SPRAY GUNS

A spray gun is a precision tool that mixes
air under pressure with paint, breaks it up into
snr:y, and ejects it out in a controlled pattern.

There are several types, either with a
coutainer attached to the gun or with the gun
connected to a separate container by means of
hoses. There are bleeder or non-bleeder,
external- or internal-mix, and pressure-,
gravity-, or suction-feed guns.

The BLEEDER type of gun is one in which
68,213X air is allowed to leakor bleedfrom some

Figure 4-29. Power block plane. part of the gun in order to prevent air pressure
from building up in the air hose. In this type of
gun the trigger controls the fluid only. It is
generally used with small air compressingoutSits
that have no pressure control on the air line.

The NONBLEEDER gun is equipped with
an air valve which shuts off the air when the
trigger is released. It is used with compressing
outfits having a pressure-controlling device.

An EXTERNAL -MIX gun is one which mixes
4. air and paint outside and in front of the gun's

air cap. This type of gun can do a wide variety
of work and has the power to throw a very fine
spray, even of heavy material. It also permits
exact control over the spray pattern. An
external-mix air cap is shown in figure 4-31.

An INTERNAL-MIX spray gun mixes the air
and fluid inside the air cap as pictured in figure
4-32. It is not as widely used as the external-
mix gun.

v
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In a SUCTION-FEED spray gun, the air cap,
shown in figure 4-93 is designed to draw the
fluid from the container by suction in somewhat
the same way that an insect spray gun operates.
The suction-feed spray gun is ustally used with
1-quart (or smaller) containers.

A PRESSURE-FEED gun operates by air
pressure, which forces the fluid from the con-

68.214X tainer into the gun. This is the type (fig. 4-34)
Figure 4-30. Using power block plane. used for large-scale painting.
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80.238
Figure 4-31. An external-mix cap.

FLUID TIP PROTRUDES
ABOVE AIR CAP

80.236
Figure 4 -33. A suction-feed air cap.

FLUID TIP IS FLUSH
WITH AIR CAP

80.236
Ala-- FLUID Figure 4-34.A pressure-feed air cap.

PARTS OF THE SPRAY GUN

\AIR
The two main assemblies of the spray gun

are the gun body assembly and the spray head
assembly. Each of these assemblies is a collection
of small parts, all of which are designed to do
specific jobs.

The principal parts of the gun body assembly
are shown in figure 4-35. The air valve controls

80.234 the supply of air and is operated by the trigger.
Figure 4-32. An internal-mix air cap. The spreader adjustment valve regulates the
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Figure 4-35. Cross section of a spray gun.

amount of air that is supplied to the spreader
horn holes of the air cap, thus varying the paint
pattern. It is fitted with a dial which can be set
to give the pattern desired. The fluid needle
adpistment controls the amount of spray material
that p.ssses through the gun. The spray head
locking bolt locks the gun body and the removable
spray head together.

Most guns are now fitted with a removable
spray head assembly. This type has many ad-
vantages. It can be cleaned more easily, it
permits quick change of the head when you want
to use a new color or material, and, if it is
damaged, a new head can be put on the old gun
body.

The principal parts of the spray head
assembly are the air cap, the fluid tip, fluid
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AIR
PASSAGE

80.237

needles, and spray head barrel, pictured in figure
4-36.

The fluid tip regulates the flow of the spray
material into the air stream. The tip encloses
the end of the fluid needle. The spray head
barrel is the housing which encloses the head
mechanism.

LUBRICATION OF
THE SPRAY GUN

Your spray gun also needs lubrication. The
fluid needle packing should be removed occasion-
ally and softened with oil. The fluid needlespring
should be coated with grease or petrolatum.
Figure 4-37 shows where these parts are and
also the oil holes in which you occasionally
should put a few drops of light oil.
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Figure 4-36. Principal parts of the spray head.

FLUID NEEDLE
SPRING

OIL HERE

AIR VALVE
PACKING

FLUID
NEEDLE
PACKING
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Figure 4-37. Lubrication points of a spray gun.

SURFACE PREPARATION

Proper surface preparation is an essential
part of any paint job; paint will not adhere well,
provide the required surface protection, or pre-
sent a good appearance unless the surface has
been properly treated. Surface preparation con-
sists of (1) thorough cleaning of the surface, and
(2) such mechanical or chemical pretreatment
as may be necessary.

Wood

Prior to painting, a wood surface siviuld be
closely inspected for loose boards, defective
lumber, protruding nailheads, or any other de-
fects or irregularities. Loose boards should be
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nailed tight, defective lumber should be repl teed,
and all nailheads should be countersunk.

A dirty wood surface is claned for painting
by sweeping, dusting, and washing with solvent
or soap and water. When washing wood, take
care to avoid excessive wetting, which tends to
raise the grain. Wash a small area at a time,
and rinse and dry immediately.

Wood which is to be given a NATURAL
finish (meaning wood which Will not be concealed
by an opaque surface coating) may require
I3LEACHING to a uniform and/or light color.
Bleaching is done by applying a solution of 1 lb
of OXALIC ACID to 1 gal of hot water. More
than one application may be required. After the
solution has dried, smooth the surface with fine
sandpaper.

Rough wood surfaces must be sanded smooth
for painting. Mechanical SANDERS of various
types are used for large areas. Hand-sanding
of small areas is done by wrapping the sand-
paper around a rubber, wood, or metal SANDING
BLOCK. For a very rough surface, start with
a coarse paper, about No. 2 or 2 1/2; follow up
with a No. 1/2, No. 1, or No. 1 1/2; and finish
with about a No. 2/0 grit. For fine work, such
as furniture work, finish with a still finer grit.

Sap or resin in wood will stain through a
coat, or even several coats, of paint. Remove
sap or resin by scraping and/or sanding. Knots
in rermous wood should be treated with a
suitable KNOT SEALER.

Weather and Temperature

Oil-painting and water-painting should not
be done in temperatures above 95° or below
45°. 'arnishing, shellacking, lacquering, and
e.:ameling should not be done in temperatures
below 65° or above 95°. No painting except
water-painting should be done on a damp surface,
or on one which is exposed to hot sunlight.

SPRAY METHOD

Complete instructions for the care, mainte-
nance, and operation of a spray gun are contained
in the manufacturer's manual, and these
instructions should be carefully followed. Only
a few of the major spray-painting techniques
can be giien here, as follows:

Spray Gun Adjustment

The first essential is the correct adjustment
of the AIR CONTROL and MATERIAL CONTROL
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screws, to produce the type of spray best suited
to the nature of the work. The air control
screw adjusts the width and the density of the
spray. Turning the screw clockwise concentrates
the material into a round, more dense spray;
turning it counterclockwise widens tie spray
into a fan-shaped, more diffused spray. As
the spray is widened, the flow of material must
be increased; if it is not, the spray will break
into a fog. Turning the material control screw
clockwise increases the flow of material; turning
it counterclockwise decreases the flow. The most
desirable character of spray (from round and
solid to fan-shaped and diffused) depends upon
the character of the surface and the type of
material being sprayed. Experience and ex-
periment are about the only guides here. Practice
spraying should be done on waste material, using
different practice adjustments, until a spray is
obtained which covers uniformly and adequately.

Operational Defects
of the Spray Gun

Uneven distribution of the spray pattern is
caused by clogging of one or more of the ItIr
outlets or by incorrect adjustment of the air
and/or material controls.

SPITTING is the alternate discharge of paint
and air. Common causes of spitting are drying
of the packing around the material control
needle valve, looseness of the material nozzle,
and dirt in the material nozzle seat. To remedy
dry packing, back off the material control needle
valve and place two drops of machine oil on
the packing. To remedy looseness of the material
nozzle and dirt on the nozzle seat, remove the
nozzle, clean the nozzle and seat with thinner,
and screw the nozzle tightly back into place.

AIR LEAKAGE from the front of the gun is
usually caused by improper seating of the air
valve in the AIR VALVE ASSEMBLY shown in
figure 4 -35. Improper seating may be caused
by foreign matter on the valve or seat, by wear
on or damage to the valve or seat, by a broken
valve spring, or by sticking of the valve stem
caused by lack of lubrication.

PAINT LEAKAGE from the front of the gun
is usually caused by improper seating of the
material needle valve. Improper seating may
be caused by damage to the valve stem or tip,
by foreign matter on the tip or seat, or by a
broken valve spring.

11=111=11P

Spray-Gun Stroke

Figure 4-38 shows the correct method of
stroking with a spray gun. Hold the gun 6 to 8
in. front the surface to be painted, keep the axis
of the spray perpendicular to the surface, and
take strokes back and forth in horizontal lines.
Pull the trigger just after you start a stroke,
and release it just before you finish the stroke,
to avoid applying too much paint at the starting
and stopping points.

Figure 4-39 shows right and wrong methods
of spraying an outside corner. If you use the
wrong method shown, a good deal of paint will be
wasted into the air.

FIRE HAZARDS

Certain general rules regarding fire and
explosion hazards apply to all situations. All
paint materials should have complete label in-
structions which stipulate the potential fire
hazards and precautions to be taken. Painters
must be continuously advised and reminded of
the fire hazards that exist under the particular
conditions of each job, so that they will be
aware of the dangers involved and assure that
the necessary precautions are taken and main-
tained. Fire fighting equipment, of the proper
type, m ist always be readily available in the
paint shop, spray room and work areas where a
potential fire hazard exists. Electric wiring
and equipment installed or used in the paint
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ing an outside corner.

shop, including storage room and spray room,
must conform to the applicable requirements of
the National Electrical Code for Hazardous
Areas. The following precautions against fire
must be carefully observed by all paint-handling
personnel:

1. Prohibit smoking anywhere that paint is
either stored, prepared for use or applied.

2. Provide for adequate ventilation in all
of these areas.

S. Perform recurrent spray operations on
portable items, e. g., signs, in an approved
spray booth equipped with adequate ventilation,
a water wash system for fume removal and
explosion proof electrical equipment.

4. Wet down spray booth surfaces before
cleaning them.

5. Use rubber feet on metal ladders, and be
certain that personnel working in hazardous
areas use rubber soled shoes.

6. Use non-sparking scrapers and brushes
to clean metal surfaces where fire hazards are
present.

7. Wet down paint sweepings, rags and waste
with water, and store in closed metal containers
until disposed of in an approved manner. Do not
burn in heaters or furnaces.

8. Extinguish all pilot lights on water heat-
ers, furnaces and other open flame equipment
on all floors of the structure being painted. Be
sure to turn the gas valve off.

9. When painting in confined areas near
machinery or electrical equipment, open all
switches and tag them to prevent their being
turned on inadvertently.

10. Be sure that all mixers, pumps, motors,
and lights used in the paint shop, spray room
or on the job are explosion proof and electrically
grounded.

11. Use pails of sand (never sawdust) near
dispensing pumps and spigots to absorb any
spillage or overflow.

12. During painting operations keep fire ex-
tinguis "s nearby. Be sure that they are of
the prop, type.

13. (neck ventilation and temperature regu-
larly when working in confined areas.

14. Consult with the electricians beforepaint-
ing in areas where high voltaze lines and equip-
ment are located.

15. Keep all work areas clear of obstructions.
16. Clean up before, during and after painting

operations. Dispose of sweepings and waste
daily.

HEALTH HAZARDS

A variety of ingredients used in the manu-
facture of paint materials are injurious to the
human body in varying degrees. While the body
can withstand nominal quantities of most of
these poisons for relatively short periods of
time, continuous or over exposure to them may
have harmful effects. Furthermore, continued
exposure to some may cause the body to be-
e +me sensitized so that subsequent contact,
even in small amounts, may cause an aggra-
vated reaction. To this extent, these materials
are a very definite threat to the normally healthy
individual and a serious danger to persons with
chronic illnesses or disorders. These materials
are divided into two major groups, i.e., toxic
materials and skin irritating materials.

Nevertheless, health hazards can easily be
avoided by a common sense approach of avoiding
unnecessary contact with hazardous materials
and by strict adherence to established safety
measures.

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 5.

CHUCK Any of the various devices for holding
work in the lathe.

100



Chapter 4 POWER-DRIVEN PORTABLE HANDTOOLS

FALSE CHUCK Sometimes applied to the facing RE-CHUCKING Reversing of a piece of work
material used in rechucking a piece of work in upon a faceplate so that the surface that was
the lathe. against the faceplate may be turned to shape.

STAVED CONSTRUCTION Attaching staves to
polygon-shaped heads in the building ofcylindrical
bodies and also used for semicircular cavities.

WARPING Distortion of a board through the
M ULTIPLE SAWING Duplicating a number of absorption or expulsion of moisture. Also applied

forms in one sawing operation by stacking the to a casting drawn out of shape by uneven cooling

material. of the metal.

FEATHER EDGE An edge of zero thickness.
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CHAPTER 5

WOODWORKING MACHINES

Your Navy provides excellent training for
those Patternmakers who are interested in be-
coming skilled craftsmen. Among other things,
the Navy furnishes modern equipment to assist
in performing duties efficiently and quickly.
This chapter will help familiarize you with the
more important types of machines. It also
discusses safety precautions, general operating
practices, and the necessary care of machines.

In the operation of any motor-driven machine,
safety cannot be over-emphasized. Just as you
must be safety conscious at all times while
driving an automobile, you must KNOW and
FOLLOW all safety rules for operating power
machines in the pattern shop.

Under the heading "Basic Precepts" in the
United States Navy Safety Precautions, OPNAV
94P1, the following statement is made:

"Most accidents which occur in non-com-
batant operations can be prevented if the full
cooperation of personnel is gained and vigilance
is exercised to eliminate unsafe acts." The
supervisor of the shop (senior petty officer)
has the direct responsibility for the proper
maintenance of each and every piece of shop
machinery for the safety of personnel at the
possible danger points so that they can be care-
fully safeguarded against. It is important that
all shop machinery and equipment be properly
maintained, and be used with intelligence and
caution. It is therefore noted that wise personnel
must understand the limits of the particular
piece of machinery with which they are working
to limit the danger to themselves and to others.

The provisions set forth by American Safety
Codes are used as guides when setting up safety
precautions and safety regulations governing
woodworking machines and equipment. The basic
safety precepts that apply to all personnel in
all types of activities are listed as follows:

1. Report all unsafe conditions, shop ma-
chinery and shop equipment.

2. Observe all safety precautions and safety
regulations.

3. Wear protective clothing or equipment
as applicable.

4. Report all injuries and impaired health
immediately.

9. In the event of an unforeseen hazardous
occurrence, each individual is expected to ex-
ercise such reasonable caution as is appropriate
to the situation.

General regulations, operation instructions,
and safety suggestions for the more common
woodworking machines are given in the following
sections.

I. Always keep safety guards in proper
working position when operating machines. Ex-
plain and enforce their use.

2. Make all adjustments and tighten them
before power is turned on.

3. Remove all wrenches and loose tools
from the machine before operating.

4. Avoid distracting the attention of anyone
using a power machine.

5. Keep the floor around machines clear of
waste and scrap.materials.

6. Turn off all machines before leaving
them.

7. Before machining, inspect all lumber for
nails, checks, metal chips, or loose knots.

8. Report immediately any mechanical or
physical hazard that comes to your attention.
Necessary repairs are to be made by authorized
personnel.

9. Always leave a machine with its table
square and free of scrap.

10. Whenever possible, keep out of the line
of rotating cutters.

11. When oiling machinery, properly secure
and tag necessary switches.

12. Back up thin or short* stock with a push-
block.
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13. Avoid crowding the knives or blades as
crowding overloads the machine.

14. Keep your hands and fingers from ex-
tending over the edge of the stock.

15. Wherever possible, keep your small
finger on top of the fence while pushing stock.

16. Store all power tool equipment in racks
so that the cutting edges and points are protected.

17. Do not allow inexperienced pesonnel to
operate any power equipment until they have
been instructed concerning the hazards, the
proper operation of such equipment, and the
use of all protective devices.

18. Maintain sufficient space between ma-
chines to permit uncrowded and safe passage
of personnel and material. Where practical,
lines must. be painted on deck to mark hazardous
or operating areas.

19. Provide adequate lighting at all times
and avoid harmful glare.

20. Provide non-skid strips on the deck at
the operating station of each machine.

21. Al portable power tools must be
grounded and should be inspected periodically.

22. Cleaning of one's clothing or machinery
with compressed air is prohibited, except on
machinery as required for special cleaning
operations.

23. Gloves should not be worn when one is
operating machinery.

24. Goggles or face shield must be worn while
doing work where dust or flying chips are a
hazard to the eyes.

25. Loose, flowing, or torn clothing, neck-
ties, long sleeves, and rings or bracelets should
not be worn around machinery. Snug fitting
clothing should be worn.

26. Guards must be kept in position at all
times unless their removal is authorized,

27. Switches of power equipment should be
located so that the operator can control power
without reaching across the work.

Figure 5-1 shows a real life situation where
the Patternmaker violated these safety rules;
this carelessness led to the injury of a Seaman
who was walking past the machine and slipped
on the scraps of wood.

THE VERTICAL HANDSAW

The saws in the pattern shop are of great
importance to the Patternmaker. In fact, one
of them, the bandsaw (fig. 5-2), is perhaps the
most important machine in the shop. If no other
machine were in operating condition, the Pattern-
maker could continue to produce patterns with
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29,137(68)A
Figure 5-1. Safety hazards.

the aid of the handsaw and his bench tools. But
without the handsaw he would be severely
handicapped.

The handsaw is used principally in the shop
for sawing curves and irregular shapes. Its
size is specified in terms of the diameter of
its wheels. Thus the 30-inch model shown in
figure 5-2 has 30-inch wheels. Other common
bandsaw models are the 14-, 16-, 18-, 20-,
24-, 32-, and 36-inch sizes.

OPERATION OF HANDSAW

Handsaws are comparatively simple machines
to operate. Each manufacturer publishes teohnioal
manuals for each machine. Study these manuals
and learn all the details of structure, operation,
maintenance, and repair of the machine.

One of the key parts of the bandsaw is its
blade, which must be sharp and accurately set
to cut in a straight line. The radius of the curve
or circle to be cut determines the size of the
saw blade to be used; use a narrow blade to cut
curves of small radii. A 1/8-inch blade will cut
a 1-inch curve; a 3/16-inch blade, a 1 1/2-inch
curve; a 1/4-inch blade, a 2-inch curve; and a
3/8-inch blade, a 2 1/2-inch curve, provided, in
each instance, that the teeth have the correct
amount of set.

The bandsaw table of the model illustrated is
of ribbed cast-iron construction. The handwheel
tilts the table up to 45 degrees to the right and
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Figure 5-2. A bandsaw.

down 10 degrees to the left. The table can be
locked in the desired tilted position.

The blade of the saw pictured in figure 5-2
runs in a fully enclosed metal guard. The blade
is also protected at the front by a guard attached
to the guidepost and by an adjustable shutter
guard which can be set close to the work. All
moving parts are covered encept that part doing
the sawing between the guide and the table. The

4

29.137(68) B

guidepost is adjustable vertically and can be
locked in various positions by means of a knurled
hand knob. The guides are of the frictionless
ball-bearing type with one above and one below
the table. The blade runs against the outer edge
of a hardened steel wheel which revolves against
ball bearings. The hardened steel guides are
adjustable and prevent the blade from turning
sidewise.
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Before starting the saw, see that all adjust-
ments are made properly and that the guards
are in place. Clamp the top saw guide 1/4 to 1/2
inch above the stock, This is to prevent the stock
from springing the blade while cutting and also
to permit the blade to follow the line better.
Always make this adjustment before you do any
sawing. If necessary, adjust the angle of the top
saw wheel to make sure that the saw blade rides
without pressure against the guide wheels. Check
to see if the bottom surface of the stock is flat.
If it wobbles, the work will be inaccurate and
the saw blade may kink. Before turning on the
power, make sure that everything is in correct
working condition. The blade should be tensioned
by adjusting the distance between the wheels.

After turning on the power, be sure that the
blade is operating at full speed before you start
a cut. It is advisable to true up one face or edge
of the stock before taking a cut with the saw.
Also start the cut in the waste stock and do not
crowd or cramp the blade.

Keep the top guide down close to the work
at all times. When sawing curves or outlines,
guide the stock along the lines marked on the
face of the board. If more than one piece is to
be sawed, several can be sawed at one time by
nailing them together. Drive the nails from the
side on which the outline is marked so that they
will be visible to the saw operator. Be careful
not to exceed the rated capacity of the machine.

Do not force the material too hard against
the blade. A light contact with the blade will
permit easier following of the line and prevent
undue friction and overheating of the blade.

By keeping the saw blade well sharpened,
very little forward pressure will be required
for average cutting. Move stock steadily against
the blade but no faster than required to give an
easy cutting movement.

Avoid twisting the blade by trying to turn
sharp corners. Remember that you must saw
around corners. If you want to saw a very small
radius, use a narrow blade.

If you find that a saw cut cannot be com-
pleted, it is better to saw out through the
waste material to the edge of the stock than to
back the blade out of the curved cut. This will
prevent accidentally drawing the blade off the
wheels.

Saw just outside the marked lines, being
careful not to leave too much stock for removal
later by a sanding machine or by hand. Always
hold the wood being sawed with both hands.
Keep your hands away from the blade and always
push your work through with your hands out of

line with the blade. Saw slowly at first until
you have gained experience. Unless round stock
can be fastened securely in a suitable V-block
or other arrangement to prevent its turning, it
should not be cut on a bandsaw or other power
saw. Use a miter box and back saw.

When cutting curves, turn the stock carefully
so that the blade will follow without twisting.
If a curve is so abrupt that it seems necessary
to back up and cut a new kerf, resist this
temptation and cut out through the waste stock.
Then replace the blade with a narrower one or
one with more set. It is sometimes necessary,
when cutting very small radii, to do so with a
series of tangents to the curve, and to finish
by paring or sanding.

If the curvature of the outline to be cut is
quit: sharp, saw kerfs in the waste stock before
beginning the cut. See figure 5-3 which illus-
tra:es a method of cutting an inside curve.

Kerfing is done before starting to cut along
tht outline of the curve. Make as many kerfs
as needed to break up the waste stock into
small pieces. When the blade reaches the outline,
draw the stock straight back easily and slowly.
After the kerfs have been completed, cut the
curve carefully, starting at one end of the curve
and following the outline without forcing the
blade.

You can also make beveled cuts (up to 45
degrees) with the bandsaw by tilting the saw
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Figure 5-3. Cutting straight kerfs with a band-

saw.
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table to the desired angle. When making beveled
cuts, you must be sure to place the stock on
the Cited table so that the bevel will be cut
in the proper direction. If you are not careful,
it is very easy to make the mistake of cutting
the correct angle but in the wrong direction.
Pay particular attention to the safe position
of your hands. The saw path through the stock
is at an angle and is very deceptive. The real
danger is that the saw may pass out of the
stock and into the hand at a lower level. After
using a tilted bandsaw table, swing the table
back to the 90-degree marker and lock it in
position before leaving the machine.

CAUSES OF BLADE
iiitEAKAGE

Any one of a number of conditions may
cause a bandsaw blade to break. Breakage is
unavoidable when it is the result of the peculiar
stresses to which such saws are subjected. The
most common causes of blade breakage which
may be avoided by good judgment on the part
of the operator are: (1) faulty alignment and
adjustment of the guides; (2) forcing or twisting
a wide blade around a curve of short radius;
(3) feeding too fast; (4) dullness of the teeth or
the absence of sufficient set; (5) excessive tension
on the blade; (6) top guide set too high above the
work being cut; and (7) using a blade with a
lumpy or improperly finished braze or weld.
When a saw blade breaks, shut off the power
immediately and then wait until the wheels stop
turning before replacing the blade.

MAINTENANCE
OF BANDSAW

It is very important that regular lubrication
be given a bandsaw to ensure better service
and longer life. The motor bearings have oil
reservoirs supplied with oil cups, one cup for
each bearing. The upper wheel bearings are
lubricated from an oil cup which feeds a large
oil reservoir extending from bearing to bearing.
These oil cups should be checked daily and a
small amount of oil added when necessary. The
saw guide spindles are lubricated by an oil cup
in the back end of each saw guide shaft. The
table rocker seats and the tilting mechanism
for this table should have a small amount of
oil applied to them at :atervals of about one
month.

SAFETY RULES

1. Before starting the machine, inspect the
thrust guide wheels for proper relation to the
back edge of the saw blade.

2. Do not allow anyone to stand close to and
in line with the saw wheels while the saw is in
motion.

3. Adjust the saw guide to 1/4" to 1/2"
above the stock to be cut. Do not attempt to
raise or lower the guide while the saw is in
motion.

4. On hearing a clicking or knocking sound
at the saw guide, stop the machine immediately
and inspect the e Aire saw blade for cracks.

5. Avoid excessive twisting of the blade
when making a circular cut.

6. All work to be sawed should have a good
stable contact with the saw table. Fasten pat-
terns securely to the supporting stock.

7. When a saw blade breaks, shut off the
power immediately and WAIT until the wheels
stop turning before removing stock.

8. Cutting cylindrical stock is dangerous.
However, it may be done safely if you secure
all cylindrical work with a clamp or jig before
cutting.

9. Never push work with your hand in line
with the saw blade.

10. If the saw blade binds, give the blade
more set or use a wedge in the saw kerf.

11. Plan cuts so that small pieces will not
pass through the opening in the saw table and
be carried around the wheel between the blade
and the rubber tire.

12. To tilt the saw table, unlock the tilting
cradle and turn the handwheel until the desired
angle is indicated on the gage.

13. In a sawing operation that requires tilt-
ing the saw table, pay particular attention to
the safe position of the hands. The saw path
through the stock is at an angle and deceptive.
The real danger is that the saw may pass out
of the stock and into the hand at a lower level.

14. After using a tilted saw table, swing the
table back to the 90° marker and lock it in
position before leaving the machine.

15. When a heavier than normal pressure
is required to advance the stock into the saw,
it indicates a dull blade. Stop the machine
have a new blade fitted immediately.
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REPAIRING BANDSAW
BLADES

BANDSAW teeth are shaped like the teeth in
a hand ripsaw, which means that their fronts
are filed at 90° to the line of the saw. Re-
conditioning procedures are the same as they
are for a hand ripsaw, except that very narrow
handsaws with very small teeth must usually
be set E.nd sharpened by special machines.
Although, it is recommended that all bandsaw
blades be butt welded as this method is more
effective. A broken bandsaw blade may be
BRAZED when no accessory welder is available.
The procedure for brazing follows:

1. SCARF the two ends to be joined with a
file, so that they may be joined in a SCARF
JOINT as shown in figure 5-4.

2. Place the ends in a brazing clamp, or
some similar device which will permit them to
be brought together in perfect alignment.

3. Coat the filed surfaces with soldering
flux.

4. Cut a strip of silver solder the length of
the scarf and the width of the blade. Coat it
with flux and insert it between the filed sur-
faces.

5. Heat a pair of brazing tongs (like those
shown in fig. 5-4) bright red and clamp the
joint together. The red-hot tongs will heat the
blade and melt the solder. Keep the tongs clamped
on the joint until they turn Mac'.

6. Smooth the joint on both sides with a flat
file, and finish it with fine emery cloth.

Figure 5-5 shows band ends being joined by
using a butt welder. Equipment of this type is
found on tenders and repair ships. The entire
procedure for joining follows:

1. Trim both ends of the band square; clean
them thoroughly. Butt the ends together in the
jaws of the welder; make sure that the ends
are aligned and that the seam is centered be-
tween the welder jaws. First, set the resistance
knob to agree with the dial for the width of band
you are going to weld, Then, press and hold
the WELD button until the blade ends fuse to-
gether. Let the weld cool for a few seconds and
then press the ANNEAL button until the welded
area heats to a dull cherry red. Hold the
welded area at that temperature momentarily
by jogging the button, and then allow the tem-
perature to fall off slowly and gradually by

SCARFED
ENDS

ABOUT 5°

103.34

Figure 5-4. Rejoining a broken bandsaw blade.
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Figure 6-6. Butt welder-grinder unit.

increasing the time between jogs. (Allow about
ten seconds for this last phase.)

2. After the band has been annealed, take it
out of the welder jaws and grind the weld bead
with the small grinder. Grind the weld area to
the same thickness as the rest of the band. Check
the back edge of the band for burrs and mis-
alignment; grind off irregularities. After the
grinding is completed, place the band in the butt
welder and re-anneal the welded area to destroy
any hardness which may have developed during
the grinding. For additional information on a
butt welder, see the technical manual furnished
with each machine.

CIRCULAR SAWS

The circular saw is one of our oldest forms
of power machinery. It is also one of the most
useful machines in the shop since it makes
possible a great variety of machine operations.
These operations include ripping, crosscutting,
and cutting bevels, chamfers, and grooves.

There are two general types of circular
saws: radial arm and table saws.

TABLE SAWS

Several types of table or bench saws are
available, such as (1) single arbor, (2) double
arbor, (3) tilting table, or (4) tilting arbor types.
The SINGLE ARBOR saw is adaptable to a
wide variety of work, such as ripping, cross-
cutting, mitering, beveling, and grooving. It is
necessary to change blades for ripping or cross-
cutting. The DOUBLE ARBOR saw permits the
mounting of a ripsaw blade on one arbor and a
crosscut blade on the other. This feature enables
you to change quickly from ripping to cutoff
work.

Figure 5-6 shows a single arbor variety
saw. A 16-inch model will out stock up to
4 1/8 inches thick and an 18-inch model will
cut up to 5 1/8 inches. The blade can be easily
raised or lowered by a handwheel at the right-
hand corner of the machine, The machine is
of the fully enclosed type with a cabinet frame
that encloses the blade and the other operating
mechanism under the table. The larger models
are provided with a splitter or spreader guard
and an automatic saw guard for guarding the
blade above the table. The table can be tilted
to any angle up to 45°. This feature is especially
useful in cutting bevels. A handwheel with worm
and gear mechanisms is used for tilting the
saw table. A scale and clamp held in setting
the table and holding it firmly at a desired
position. This saw is especially dangerous to
use when the table is tilted, because sawing
may require the removal of the saw guard and
because the operator is forced to work in an
awkward position. There is also the danger of
the fence working loose and sliding down the
tilted table into the revolving saw blade. To
avoid such accidents, work with the fence in a
position downhill from the blade. The TILTING
ARBOR saw is an improvement over the tilting
table saw, In these newer type saws the table
remains stationary and the blade and arbor can
be tilted up to 45°. The same rules of operation
and maintenance apply to both tilting table and
tilting arbor saws. The same gages, blades, and
miscellaneous equipment are used.

Many types and sizes of saws are available
but all are designed principally for crosscutting
or ripping wood. In addition, such jobs as
dadoing, rabbeting, splining, tenoning, and
grooving are easily done on the circular saw.
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Figure 5-6. A single arbor variety saw.

A light-duty, tilting-arbor circular saw is
shown in figure 5-7. This machine carries a
10-inch blade mounted on a tilting shaft. The
CRANKWHEEL shown at the left is turned to
change the angle of the saw blade with the
table top, The angle is indicated on the SCALE
at the front. The FRONT CRANK is turned to
change the "depth of cut" adjustment of the
blade. LOCKING KNOBS on each crankwheel
are provided to secure the adjustment once it
is established.

The RIPPING FENCE, shown on the SAW
TABLE at the right, can be used on either
side of the blade for ripping, rabbeting, groov-
ing, tenoning, and other operations. Avoid
dropping or springing this fence; it must be
kept parallel to the saw blade. The SLIPPING
CUTOFF GAGE is shown on the table at the
left. It is used for crosscutting, mitering,
tenoning, and dadoing. The RODS attached to
this gage at the left serve as a guide for length
in cutting duplicate pieces.

29.136(68)

The blade SAFETY GUARD, secured at the 29.136

back center of the table, covers the blade and Figure 5-7. Light duty, tilt arbor circular saw.
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provides a KERF (cut) SPLITTER for ripping.
The guard prevents the kerf from closing and
jamming the blade. Also incorporated in this
assembly is a mechanism which prevents pieces
going through from being kicked back toward
the operator by the fast-moving blade.

DO NOT REMOVE THE SAW GUARD. The
guard won't protect your fingers if it is hanging
on the bulkhead or is stowed in a locker. Use
it and the chances will be better for you to keep
five fingers on each hand.

A heavier bench saw is shown in figure 5-8.
This machine carries a 14- or 16-inch blade
and is usually powered with a 3- to 5-horsepower
electric motor. The saw has a tilting arbor, a
rolling or sliding left table for cutoff work,
and a fine micrometer-adjustment ripping fence
to the right.

Operation of Table Saws

Operating a single arbor saw appears to be
a very simple job, but do not fool yourself.
Observe all the directions for safe operation.

Arms-

Squaring the ends of stock is one of the main
uses of the crosscut saw. Before starting the
machine, see that all movable parts are clamped
securely, and that the table surface is at right
angles to the blade. The ripping fence should be
moved to the right of the table or removed
entirely. For all simple cutoff sawing, have the
guard in place over the blade.

Hold the stock securely against tale miter
gage. Several pieces may be cut at ore time,
up to the capacity of the machine.

Before squaring the second end, lay off the
desired finished length of stock along the table.
Measure from the left cutting edge of the blade,
and clamp a stop rod in the slot of the universal
or miter gage at the desired finished length.
When handling long stock, remove the ripping
fence from the table. Push the stock against
the blade and cut to the finished length. (See
fig. 5-9.)

The easiest operation with the circular saw
is simple ripping to width. While setting the
circular saw for ripping, raise the saw guard
and, if practicable, swing it out of the way.
Attach a ripsaw on the arbor, or, if you are
using a double arbor saw bring the ripsaw into
position. Raise or lower the saw table or saw
as necessary so that the blade does not project
more than 1/8 to 1/4 inch above the top of the
stock. Set the clamp so that the table or arbor
cannot move.

Set the ripping fence according to the scale
on the table. After the fence is locked in position,
make a final check of this adjustment with a
steel rule. The fence should be away from the
saw for a distance slightly greater than the
desired width of the finished stock. The slight

sr

29.136(103) 68.14Figure 5-8. A 16-inch circular bench saw. Figure 5-9. Crosscutting with a circular saw.
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extra width, 1/16 to 1/8 inch, is to allow for
finishing the ripped edge on the jointer. When
very accurate settings are desired, use the
micrometer adjustment on the fence. Be sure
that the fence carriage is resting in the locating
holes, and that it is securely fastened to the
table. See that the thumbscrews which hold the
fence in position are set and that the fence is at '0

right angles to the table surface. Also see that
the table is square and at right angles to the
blade and that the guard is in position over
the blade.

Standing at the left of the lumber, ph...le its
straightedge against the fence and feed it against
the blade. Use a push stick, as shown in figures
5-10 and 5-11, when ripping stock into narrow
strips. The push stick should be long enough
to extend well above the fence, and deep enough
to hold the stock securely on the table. When Figure 5 -10. Ripping narrow stock with a push
narrow strips are ripped, set the blade to project
1/8 to 1/4 inch above the stock.

Another special use of the circular saw is
concaving the face of flat stock in staved pattern
construction. See figure 5-12.

First adjust the height of the blade for the
required depth of cut. Then swing the fence or
straightedge to the proper angle for the required
width of cut. Because the stock is fed into the
blade at an angle, you must be especially careful
not to crowd the blade.

44.106(68)

Maintenance of Table Saws

stick.

Little lubrication care is required for circular t L-1 ro. Fel

bench saws. Most of these machines are
equipped with high-grade ball bearings lubricated
with grease or oil. Too much oil or grease is
as bad for the motor as too little. Oil or grease
should never come in contact with the motor
windings. The lubrication instructions of the
manufacturer must be carefully followed.

The motors should be blown out at least
once a week to prevent an accumulation of
sawdust from closing up the ventilating openings.

Typical uses of circular saws are shown in
figures 5-9 and 5-10. Note that the guards have
been intentionally removed in these illustrations
to show you the details of the particularoperation,

RADIAL SAWS

Figure 5-13 illustrates one of the circular
saws, the RADIAL ARM saw, that you may find
in your shop. It is used to cut rough stock to

44.106
Figure 5-11.Push sticks for ripphig.

23.74
Figure 5-12. Using the circular saw to concave

the face of a stave.
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Figure 5-13.A radial arm saw.

convenient lengths. The radial arm saw is
usually selected for the initial cutting of the
pattern lumber. It is especially useful in making
many special cuts, such as miter, and bevel,
compound miter and angle cutoff, figure 5-14.
The same can also be used for shaping, grooving,
rabbeting, and routing as shown in figures 5-15
through 5-19.

One feature of a radial arm saw is the roller
arrangement ,in the top arm that permits the

44.62

moving of the carriage. It is possible to move
the carriage and cut through material, and to
lock the arm at any angle. A handcrank enables
you to raise or to lower the top arm.

Operation of Radial Saws

Before you operate a radial arm saw, clean
all dust and dirt from the saw and table, The
normal position of the blade is for the straight
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Figure 5-15. Shaping with the radial arm saw.
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Figure 5-16. Grooving with the radial arm saw.
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Figure 5-14.-- Saw cutting with the radial arm 44.62(133E) D

saw. Figure 5-17.Rabbeting with the radial arm saw.
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44.62(133E) F
Figure 5-18. Routing Stith the radial arm saw.
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44.62(68) A
Figure 5-19. Crosscutting with a radial arm

saw.

cutoff, where the blade is pulled from the rear
to the front across the wood. The wood is placed
on the table top with one edge resting against
the guide fence. For ripping operations, the wood
is placed flat on the table against the guide
fence and is fed by hand to the blade.

The arm may be set at any desired angle for
angle cutting. For ripping and ploughing, the
blade may be pulled out to the end of the arm
and locked in position between the guide strip

and the motor. In this operation, the wood is
pushed along the guide strip from the side
opposite the red warning sign on the guard
and into the blade. For beveling, shaping, and
routing, the motor may be tilted and locked at
any angle.

For straight crosscutting, place the arm of
the saw at a right angle to the guide fence by
setting the miter latch in the column slot at the
zero position. Lock the arm with the arm-clamp
handle. Place the material on the worktable,
against the guide fence, and make the cut. (See
fig. 5 -19.) Then return the saw blade to a position
behind the guide fence.

For ripping, the arm must be clamped in
crosscut position. Pull the entire motor carriage
to the front of the arm, Then, lift the rip latch,
release the swivel-clamp handle, and revolve
the motor yoke under its carriage. There are
holes in the yoke to receive the rip latch and
hold the motor in ripping position. Using the
rip scale on the arm, locate the position you
desire, lock the swivel clamp, and secure the
rip lock on the arm. Adjust the safety guard so
the infeed end almost touches the material.
Lower the kickback device on the opposite end
so the sharpened points rest on the lumber.
Keep the lumber against the guide strip and
feed it evenly into the saw blade. (See fig. 5-20.)
Do not feed the lumber into the kickback end
of the saw guard.
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Maintenance of Radial Saws

Periodic cleaning, greasing, and oiling of
all moving parts are necessary. Each morning
before starting operations with the radial arm
saw, you should clean the tracks inside the arm
by wiping. Occasionally, clean these tracks with
a lacquer thinner to remove grease and dirt. Do
not oil or grease the tracks or the roller head
bearing under any circumstances. Once a month,
oil the elevating screw of the column and the
elevating gear shaft of the arm. A small amount
of light lubricating oil should be applied once in
a while to the miter and swivel latches and to
the arm clamp handle. Never lubricate the motor
or the roller carriage.

Safety Precautions

These err the most important OPERATING
PRECAUTIONS for the radial arm saw:

1. The electrical current being used should
agree exactly with the specifications on the
motor.

2. All clamp handles should be properly
tightened before you operate the machine.

3. For all operations, adjust the guard down
to the material.

4. Before starting to cut, be sure that the
wood rests against the guide strip.

5. Before changing any setup, stop the saw
blade.

Safety Rules for
All Circular Saws

1. Before starting the machine, inspect the
condition and type of blade in the saw. It is
extremely dangerous to attempt to use a dull
blade.

2. Use a crosscut blade for cross cutting
only and a rip blade for ripping only. Use the
proper fence for each operation.

3. Stop the saw before adjusting the fence
or guide. Lock the fence frame firmly to the
saw table.

4. The height of the saw above the table
should equal the thickness of the stock plus
1/8" to 1/4".

5. Before attempting to cut stock on the
saw, run the stock over a jointer to establish
a true straight edge from which to work.

6. Inspect the machine area for obstructions
that would interfere with the passage of the
stock through the saw.

7. De sure that the exhaust system is in
operation and the exhaust duct is open.

8. Always use a wood push-stick when rip-
ping narrow or thin stock.

9. When returning stock, use a sweeping
motion to the right or left; keep the stock
entirely clear of the blade.

10. Secure cylindrical work in a jig designed
to suit the particular needs.

11. When sizing, use two cuts, each halfway
up, rather than one cut all the way through the
stock.

12. Ask for help when sawing large stock.
18. Never reach over and pull work through

the saw.
14. Stand to the left of the saw allowing

clearance for any stock that might be kicked
back. Use anti-kickback dogs.

15. Use the guard at all times unless the
nature of the work does not permit guard use.

16 Do not stack material to be cut on the
saw table. The pieces of stock might accidentally
come in contact with the saw blade and be
thrown violently at the operator.

17. All saw work must have a good firm
table and fence contact. Maintain firm control
of the stock at all times.

18. Inspect all surfaces of the stock for
nails, screws, metal clips, or particles of em-
bedded sand before cutting,

19. Bring the saw blade to a full stop before
ciearing the table of small scraps.

20. After using the saw, stop and lower the
blade below the table before leaving the machine.

21. If the saw was set for angle cutting,
swing it back to 90° and lower it below table
level before leaving the machine.

22. Inspect the crosscut miter unit .to see
that it slides freely in the table groove. Lock
the miter head securely in place before using.

CIRCULAR SAW BLADES

Figure 5-21 illustrates four distinct types of
saw blades employed on circular saw benches.
Each has a particular shape of tooth and gullet.
The four types are:

1. Circulal. ripsaw blade, with a standard
tooth arrangement that is best for general
purpose ripping of both hard and soft woods.
(See part A of fig. 5-224

2. Circular crosscut saw blade, the tooth
and gullet shape illustrated in part B of figure
5-22 is best for general purpose crosscutting.
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1. Kip Blade 3, -Miter Blade
2. Crosscut Blade 4. Combination Blade

Figure 5-21. Circular saw blades.

3. Miter saw blade, with the cutting teeth
shaped and sharpened much the same way as
standard crosscut saw teeth. The precision miter
saw is usually employed on a single arbor
variety saw bench.

4. Combination rip and crosscut aaw blade,
which serves for both ripping and crosscutting.
(See part C of fig. 5-22.)

The correct circular blade, properly jointed,
set, gummed, and filed will cut cleanly. On the
other nand, if the teeth are dull, they will merely
scrape or burn their way through, leaving a
rough, ragged, sawed surface; and there is the
attendant danger of overheating and softening
the blade. If some teeth are unevenly set, there
will be marks or scratches and the roughness
may require much planing for the final finishing.
Sometimes a dull blade will cause the motor to
stall. Some saw blades are manufactured as
"hollow-ground" blades. These are usually more
expensive than conventional blades but they
produce a smoother cut.

Direct motor-drive saws may run at 3,600 Figure 5-22. Correct shapes of circular saw
rpm. Unless properly tensioned for this high
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speed, the blade will not stand straight, but will
vibrate and wobble. A saw blade containing
high spots, ridges, bends, or twists will over-
heat, become distorted and burn in spots. thus
impairing its temper. Portions of the blade
will show black on one side, while on the opposite
side the high spot will stand out, brightly polished
by frictional contact in the cut,

Saw blades must be given the same care
t_ other edged tools, such as chisels and boring
bits. To gives good results, a blade must be
properly tensiored, jointed, set, sharpened and
gummed, and protected from damage in hi .riling
or stowage.

There are several rules for the PROPER
CARE of circular saw blades:

1. Keep the saw sharp.
2. Use an automatic saw filer or a circular

saw filing vise and saw files to sharpen blades.
Most cracks in a circular saw are caused by
sharpening with a sharp-cornered file.

3. In filing, maintain the original shape of
the teeth.

4. Joint the blade as often as Is necessary.
A blade out of round is out of balance.

5. Do not allow a blade to become coated
with pitch or gum as it will cause a blade to
heat in spots and ruin its usefulness. Clean
with kerosene or any other approved solvent,

6. Do not overfeed the blade. Crowding a
saw blade beyond capacity produces bad work
and also places a strain on both the blade
and motor.

7. Do not strike the teeth of a blade against
the saw table or other metal objects. The saw
blades are made of a steel which is soft enough
to be filed; therefore, the delicate points and
edges of the teeth are easily injured by contact
with other metal.

JOINTING a circular saw is done when wear
and repeated sharpening have caused the points
on the saw to become out of round. The procedure
for jointing a circular saw is as follows:

1. Obtain a piece of an old grinding wheel.
2. Secure the saw blade on the saw arbor in

the reverse position (points of the teeth toward
the rear of the table).

3. Adjust the saw so that the teeth extend
slightly above the table.

4. PUT ON GOGGLES.
5. Start the saw, place the piece of grinding

wheel flat on the table, and move it toward the
revolving teeth until the higher points begin to

strike the stone. Move the stone gradually further
until the sound indicates that all the points
are striking. Stop the saw and examine the
points. When every paint shows a bright spot,
jointing is completed.

Gumming is done when wear and repeated
sharpenings have caused the gullets to become
too shallow. The first step is to lay out the
shapes of several tceth on the saw as shown in
figures 5-23 and 5-24. For a ripsaw (fig. 5-23),
draw a circle on the saw with a diameter equal
to one-half that of the saw, and draw a line from
each point tangent to the circle. This line
indicates the correct angle for the front of the
tooth. Lay off the correct angle for the top of
the baokslope (10°, as shown in part A of fig.
5-22), and draw in the gullet until it looks
about right. Draw a circle (the GUM LINE shown
in fig. 5-23) through the bottom of the gullet
and all the way around the saw, to ind:-ate the
cc r act gullet depths of all the teeth.

A crosscut saw is marked for gumming as
shown in figure 5-24. Draw two circles on the
saw, one with a diameter equal to one-quarter
of that of the saw, the other with a diameter
equal to three-quarters of that of the saw. A
tangent drawn from the smaller circle to the
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Figure 5-24. Laying out crosscut saw teeth.

point of each tooth gives the line of the front of
the tooth; a tangent drawn from the larger circle
to the point of a tooth gives the line of the
backslope of the tooth. Make the gum line circle
large enough to run a little above the points of
intersection of fronts and backslopes, to allow
for a slight rounding of the gullet. A gullet
which is filed to a corner has a tendency to
crack at the corner.

In a combination saw the rip or rake. teeth
are shaped like ripsaw teeth and the other
teeth are like crosscut saw teeth, as shown
in part C of figure 5-22.

THE JIGSAW

The jigsaw or scroll saw, figure 5-25, has
developed a great deal from its early days. The
old types were usually operated by foot-power
and were very crude. The modern jigsaw is a
very efficient motor-driven machine used prin-
cipally for cutting out enclosures.

Some mcdels have a table that tilts right,
left, and front. This permits sidewise cutting
as well as straight cutting. This saw is capable
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Figure 5 -25. A jigsaw.

of using several different blades, files, and
sanding drums. It cuts stock up to 1 3/4 inches
thick.

Some jigsaws have a variable speed control
so that the operator may select any speed from
approximately 650 to 1,700 cutting strokes per
minute. The ball crank under the table controls
the speed so that the blade can be run at high
speed for fast, fine work; at low speed for heavy
work; and at any speed between.

OPERATION OF JIGSAW

The chief advantage of the jigsaw is that
internal cuts may be made by putting the blade in
a starting hole. This is not easily accomplished
with bandsaws.

Before the cutting is started, bore a hole in
the area to be cut out. The hole must be large
enough for a blade to go through easily. If a
sharp curve is to be cut, select a narrow blade.
Place the blade through the hole in the stock and
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into the jaws of the lower chuck. Tighten the
clamping screw in the lower chuck until the blade
is held securely. Lower the upper plunger until
the saw blade can be inserted into the jaws of
the chuck, then tighten the clamping screw. Test
the tension of the blade by moving the saw by
hand. If the blade buckles, increase the tension.

Adjust the top guide so that it is just above
the stock, allowing the blade to rub gently against
the rear of the slot. Now you are ready to start
the machine and begin cutting. Hold down on the
stock and push ,t steadily against the blade,
cutting on the outline of the enclosure. Do not
crowd the blade. When you have cut out the en-
closure, stop the machine, loosen the clamping
screws and take out the saw blade, then remove
the stock.

SAFETY RULES

1. Jigsaw blades cut on the downward stroke
only. Saw teeth face downward. 13e sure that
the blade is not inserted in the machine in an
inverted position.

2, Select the proper size (width) of blade
to suit the job, taking into consideration the
thickness of the stock and the radius to be cut.

3. Adjust the saw guide as close as possible
to the work to prevent the work traveling up and
down with the saw blade.

4. Keep both hands firmly on the work during
the entire cutting operation.

5. Do not force the blade to cut a sharper
radius than it is designed to cut.

6. Stop the motor, using both the foot pedal
and the pushbutton switch before attempting to
clear internally cut free stock, before relocating
the saw blade in the work, changing saw blades,
cleaning the table surface of scrap materials,
and on completion of the use of the machine.

7. Round stock may be cut on the jigsaw
only when an adequate supporting jig has been
provided to hold the stock firmly and to prevent
its turning.

LATHES

The LATHE is without question the oldest of
all woodworking machines. In its early form,
it consisted of two holding centers with the
suspended stock being rotated by an endless
rope belt. It was operated by having one person
pull on the rope hand-over-hand while the
cutting was done by a second person holding

crude hand lathe tools on an improvised beam
rest.

The actual operations of woodturning per-
formed on a modern lathe are still done to
a great degree with wyodturner's handtools,
However, machine lathe work is coming more
and more into use with the introduction of
newly designed lathes for that purpose.

TYPES OF LATHES

The lathe is used in turning or shaping round
billets, drums, disks, and any object that re-
quires a true diameter. The size of a lathe is
determined by the maximum diameter of the
work it can swing over its bed. There are
various sizes and types of wood lathes, ranging
from very small sizes for delicate work to large
surface or "bull lathes" that can swing jobs
15 feet in diameter.

Figure 5-26 illustrates a type of lathe that
you may find in your shop. It is made in three
sizes to swing 16-, 20-, and 24-inch diameter
stock. The lathe has four major parts: (1) bed,
(2) headstock, (3) tailstock, and (4) toolrest.

The lathe shown in figure 5-26 has a bed of
iron and is usually 8 or 10 feet lorg. It can be
obtained in any other length desired, The bed
is a broad flat surface that supports the other
parts of the machine.

The headstock is mounted on the left end of
the lathe bed. All power for the lathe is trans-
mitted through the headstock. It has a fully
enclosed motor that will give a variable-speed
spindle (from 600 to 3,600 rpm). The spindle
is threaded at the front end to receive the
faceplates. A faceplate attachment to the Motor
spindle is furnished to hold or mount small
jobs having large diameters. There is also a
flange on the rear end of the spindle to receive
large faceplates, which are held securely by
four stud bolts.

The tailstock is located on the right end of
the lathe and is movable along the length of the
bed. It supports one end of the work while the
other end is being turned by the headstock spur.
The tail center may be removed from stock
simply by backing the screw. The shank is
tapered to automatically center the point.

Most large sizes of lathes are provided with
a power-feeding carriage. A cone-pully belt
arrangement provides power from the motor,
and ways are cast to the side of the bed for
sliding the carriage back and forth. All machines
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Figure 5-28.A woodturning lathe with accessories.

have a metal bar that may be attached to the bed
of the lathc between the operator and the work.
This serves as a handtool rest and provides
support for the operator in guiding tools along
the work. It may be of any size and is adjustable
to any desired position.

The Patternmaker's large gap lathe shown in
figure 5-27 is especially useful in turning large
diameter work. The gap may be extended to
take work of different sizes.

28.69(68)AX

IMO
LATHE TOOLS

In lathe work, wood is rotated against the
special cutting tools illustrated in figure 5-28. 28.69(68)BX
The special lathe tools include turning gouges; Figure 5-27. Patternmaker's gap lathe.
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28.66(68)
Lathe cutting tools.

skew chisels; parting tools; round-nose, square-
nose, and spear-point chisels; toothing irons;
and auxiliary aids such as calipers, dividers
and templates.

Turning gouges are used chiefly to roug
out nearly all shapes in spindle turning. I
skilled Patternmaker may use this tool for almot..
any lathe operation except faceplate turning.
The gouge sizes vary from 1/8 inch to 2 or
more inches, with 1/4-, 3/4-, and 1-inch sizes
being most common.

Skew chisels are used for smoothing cuts to
finish a surface, turning beads, trim-ning ends
or shoulders, and for making V-cuts. They are
made in sizes from 1/8 inch to 2 1/2 inches in
width and in pairs, right-handed and left-handed.

Parting tnnls are used to cut recesses or
grooves with straight sides and a flat bottom
and also to cut off finished work from the
faceplate. These tools are available in sizes
ranging from 1/8 to 3/4 inch.

Scraping tools of various shapes are used for
the most accurate turning work, especially for
most faceplate turning. A few of the more
commonly used shapes are illustrated in parts
D, E, and F of figure 5-28. The chisels shown
in B, E. and F are actually old jointer blades

which have been ground to the required shape;
the wood handles for these homemade chisels
are not shown in the illustration.

A toothing iron is basically a square-nose
turning chisel with a series of parallel grooves
cut into the top surface of the iron. (See fig.
5-29.) These turning tools are used for rough
turning of segment work mounted on a faceplate.
The points of the toothing iron created by the
parallel grooves serve as a series of spear-
point chisels; therefore, the tool is not likely
to watch and dig into the work like a square-
nose turning chisel. The toothing iron is made
with coarse, medium, and fine parallel grooves
and varies from 1/2 inch to 2 inches in width.

OPERATION
OF THE LATHE

Lathe turning may be divided into two cate-
gories: center-to-center turning (also called
between center turning and spindle turning) and
faceplate turning.

Spindle Turning

The first step in spindle turning is the prep-
aration of the stock for centering. When working
with solid or glued-up stock, cut the stock
approximately square and about 1 inch longer
and 1/4 inch wider than the desired finished
dimensions. Draw diagonal lines from corner
to corner across both ends of the stock (see
fig. 5-30). The point on each end where the lines
cross will be approximate center. Indent these
centers with an awl, nail set, or drill.

Center one end of the stock against the
headstock spur of the lathe. Tap it on the other
end with a wooden mallet and seat the stock
against the spur surface. Hold the stock in this
position while you move the tailstock to within
1/4 inch of the other end of the stock. Clamp
the tailstock to the bed by tightening the clamping
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68.17
Figure 5-30. Centering solid stock.

level. Run the tailstock spindle out and place
its center point in the center hole in the end of
the stock. Turn the handwheel at the rear of
the tailstock and force the center point tightly
against the stock end. Then back off the spindle
about 1/8 turn of the handwheel and place a
drop of oil or some beeswax where the wood
touches the metal center. This relieves the
pressure of the center against the work and
allows the stock to rotate freely without end
play. Tighten the spindle clamp.

When working with parted pieces it is neces-
sary for you to check the work to make sure
that the parting joint is exactly in the center.
One good method of doing this is by gaging a
series of lines equidistant from the parting
joint on each end of the stock before the two
pieces are fastened together for lathe turning.
See figure 5-31.

Turn a test space about 1/8 inch long at
each end of the stock to a perfect circle. If the
circle coincides with two of the gaged lines one
on each side of the parting joint the joint is
exactly centered. If not. you will have to tap the
stock lightly with a mallet in order to center
the work in the lathe. You can also test the
distance on each side of the parting joint with
a pair of dividers.

After you center the work properly in the
lathe, move the toolrest close to the stock and
parallel to it. The toolrest should be about 1/8
inch from the work. Spin the work by hand to
see that it clears the rest. Lock the toolrest

/1.111M1

68.18
Figure 5-31. Centering parted pieces for lathe

turning.

holder in position. Release the clamp that holds
the toolrest in the toolrest holder. Set the
toolrest approximately level with, or shout 1/8
inch above the centerline of the stock. 1 hen make
sure that the toolrest is securely tightened in
position.

Before starting the lathe, adjust the speed
ill accordance with the size of the stock. The
size of the job will determine the turning speed
of the lathe spindle: the larger the diameter,
the slower the speed; the smaller the diameter,
the faster the speed.

The recommended speed for any size of the
lathe work is approximately 1500 surface feet
per minute. Do not confuse surface feet per
minute (sfpm) with revolutions per minute (rpm).
Surface feet is the distance covered by the point
of the tool on the rotating surface of the work
during the interval of one minute. It is expressed
in surface feet per minute.

To find sfpm, multiply the circumference of
the work (in inches) by the number of revolutions
per minute and divide by 12 to change inches to
feet. The result is peripheral or surface feet
per minute. For example, an object with a 12-
inch diameter has a circumference of 37.69
inches (circumference equals diameter times
3.1416). If this object is turning at 600 rpm, the

69 Xsurface feet per minute will be 37
12

600

or 1884.5 sfpm. Conversely, the rpm required
to obtain a given sfpm is found by dividing the
product of the surface feet times 12 by the
circumference of the work in inches.
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After the speed adjustment has been made
and the machine has been started, you are ready
to cut or turn the stock with a gouge or other
lathe cutting tool. For gouge work, stand with
your feet about 12 or 14 inches apart and witi7
the left side of your body a little closer to the
lathe than the right side. The stance might vary
for a left-handed person,

Use the gouge for reducing stock to a cylin-
drical shape and for making concave cuts and
grooves. Hold the gouge handle securely and
place the gouge on the toolrest with the handle
well down. Steady the gouge with your left hand
by placing the heel of the palm against the front
of the toolrest. Hold the palm on the top of the
gouge when making heavy cuts and under the tool
for fine cuts.

Bring the gouge slowly against the revolving
work at about the middle of the stock. Roll the
gouge sideways to make a shearing cut with the
side edge of the tool. Move the gouge slowly
toward the headstock. (See fig. 5-32.) Stop when
the gouge is about 1/2 inch from the end of the
toolrest. Go back to the point where you started
the cut and roll the gouge over and make a cut
toward the left. Keep checking the dimensions
frequently with a pair of calipers set at least
1/8 inch over the finish dimensions.

Be sure that the power is shut off and that
the lathe has come to a complete stop before
you attempt to check dimensions with calipers
or templates. Repeat the right and left cuts until
the stock is reduced to a cylinder. You may need

DIRECT! N
OF CUT
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68.19

Figure 5-32. Using a gouge in spindle turning.

to move the toolrest as the work progresses.
Be sure to keep the 1/8-inch clearance so that
the hand that is steadying and guiding the cutting
tool will have full support at all times. Also
adjust the angle of the toolrest to conform to
the contour of the stock as it is being shaped.

After the stock has been reduced to the
approximate size and shape desired, use the
skew chisel for smoothing cuts and for trimming
ends and shoulders. In smoothing a straight
cylindrical surface, always place the chisel flat
on the toolrest before bringing it against the
work. Start the cut at about the middle of the
toolrest. Keep the skew chisel on the toolrest
at all times while using it.

Draw the chisel back slowly, meanwhile
raising the handle slightly until the heel of the
bevel on the cutting edge engages the work. Keep
the face of the bevel tangent to the surface of
the work and hold the chisel firmly against the
toolrest as you move it steadily into the cut.
This position is illustrated in figure 5-33. Never
allow the skew chisel point to come into the
cutting position because it may dig in and ruin
the turning. Move the chisel laterally to the
right or left. Then. reverse the chisel, cut in the
opposite direction, and repeat as much as
necessary.

There are many other spindle cuts that you
can make with the gouge, skew chisel, and other
lathe cutting tools.
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Faceplate Turning

Faceplate turning differs from spindle turning
in the manner of mounting the stock on the
lathe. In faceplate turning, the headstock spur

Figure 6-33. Using a skew chisel.
68.20
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is replaced by a metal faceplate. The most
comtaon method of fastening the stock to the
metal faceplate is by the use of wood screws.

A faceplate of approximate size is selected
and its diameter measured. Draw a circle of
this size plus 1/32 inch on the working face of
the stock. Center the faceplate in this circle.
With a pencil, draw a few small circles on the
stock through the screw holes in the plate. Also
mark the plate and stock so you can place them
together again at the same exact points. (See
fig. 5-34.) Rennve the faceplate and drill holes
for the screws. Then position the faceplate and
stock so they are back in their original position,
and insert and tighten flathead screws of correct
size.

Small stock, under 4 inches in diameter and
under 2 inches in thickness, may be mounted on
a screw chuck. This is a faceplate with a screw
permanently fastened in its center. A 3/16-inch
hole is bored in the center of the working face
of the stock. The chuck screw is run into this
point of the stock. Then the faceplate is screwed
on the lathe spindle and the stock is ready for
turning.

You may find that it is not always possible
or practicable to fasten the stock to a metal
faceplate. This is especially true when turning
very thin, ring-shaped, or segmented stock. In
these cases, the stock :s fastened to an auxiliary
wooden plate that is mounted on the metal plate.

y.Y.

IDE LINE

The stock is centered on the wooden faceplate
and fastened with screws, brads, or glue. The
size and number of screws depend upon the
thickness and size of the faceplate and stock.
If brads are t!sed, set them so that they will
not interfere with the turning operation. Be
careful after completing the turning to remove
the stock with a thin chisel. If glue is used,
coat the stock and clamp it in position on the
faceplate; then let it dry. If you insert a sheet
of paper between the wood faceplate and the
stock, you will be able to separate them more
easily when you are finished.

Faceplate turning also differs from spindle
turning in the use of turning tools. In general,
faceplate turning is accomplished by scraping
instead of cutting. The toolrest is set about 1/8
inch below the center of the lathe spindle. Turn
the stock a few times to see if it will clear the
toolrest when it revolves.

Hold a round-nose or a spear-point tool
on the toolrest as shown in figure 5-35. Slowly
bring the cutting edge into contact with the moving
stock and make Z. light initial cut. This is continued
until the outer diameter is true. A safety factor
to be remembered in faceplate turning is NEVER
USE A GOUGE.

If the stock thickness has to be reduced,
scribe a line along the outer edge to show the
amount of stock to be removed. Stop the lathe;
then, loosen and swing the toolrest and toolrest
holder until they are parallel to the face of the
stock. The toolrest should be clamped securely
about 1/8 inch away from the stock, and about

68.21 68.22
Figure 5-34. Centering the faceplate on the Figure 5-35. Using a diamond point lathe tool

stock. in faceplate turning.
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1/8 inch below the center. The lathe may now
be started at a speed of 1,200 to 1,800 rpm.

The turning tool is directed from the outer
edge toward the center. (See fig. 5-36.) Do not
go past the center point because centrifugal
force will cause the turning tool to be thrown
back at you. Light, careful cuts must be made
until the waste stock has been removed to the
scribed thickness guide line. Then, r,olding a
square-nose tool horizontally against the stock,
lightly cut away any remaining waste stock and
smooth the surface. A square is used to test
the edge and the face of the stock for squareness.
Other cutting tools, especially the round-nose
chisel, skew chisel, and the square-nose chisel,
are best used for faceplate cutting of recesses,
for scraping beads, and for turning fillets.

Templates

A template is a thin piece of material with
the edge corresponding to a specific contour and
used as a guide for checking purposes.
Templates are used by the Patternmaker to
get perfect shapes in lathe turning and in hand
carving of patterns and core boxes. Templates
vary in shape depending upon the particular
requirements of the job. They are usually made
of thin stock, cardboard, template paper, or
sheet metal. No matter what material is used,
templates must be made with great accuracy.
Important centerlines are transferred from the
layout to the template. Figure 5-37 shows the
use of an inside and an outside template in

DIRECTION
F T

23.84
68.23 Figure 5-37. Using templates in faceplate

Figure 5-36. Reducing stock in thickness. turning.
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faceplate turning. The edges of the templates
are chalked so that you can tell where the high
spots are located. Remove the stock slowly and
carefully from the high spots to prevent cutting
off too much stock and thereby ruining the job.

The two methods shown in figure 5-37 are
not the only methods of mounting work in the
lathe for faceplate turning. Very often the
Patternmaker will make use of engine lathe
attachments such as drill chucks (Jacobs chucks),
independent, universal, or combination chucks,
for centering special jobs.

Rechucking

Rechucking is the procedure used when ali
the surfaces of a pattern are to be turned 'to
dimension. After completing the turning of one
face of the pattern, the Patternmaker will detach
the work from the faceplate and remount it
in a reversed position as shown in part B of
figure 6-37. This enables the Patternmaker to
turn the surface that was originally against the
faceplate. Great care must be exercised in
centering the work properly during rechucking
operations, One method of centering the work is
shown in figure 5-37. Note that a recess is turned
on the wood faceplate at points C of part B to
provide a firm bearing surface for the rechucked
pattern.

Laying Out Centerlines
On A Faceplate

Scribed centerlines and construction lines
will invariably be cut away during turning opera-
tions. You must, in order to maintain accuracy
of workmanship, replace all centerlines after
completing the turning phase of the job. You will
find that it is most convenient to restore the
centerlines while the work is mounted in the
lathe. The procedure outlined here is suggested
for laying out centerlines on faceplate work.
(See fig. 5-38.)

1. Start the work revolving on the lathe,
Touch the approximate center of the work very
lightly with a pencil or with one leg of a pair of
dividers. The rotation of the work will cause the
pointer to move in the direction of true center.

2. Stop the lathe and lock it securely in
place to prevent any movement during subsequent
measurements. Set up a surface gage on the flat
lathe bed and adjust the pointer to the height
of the true center scribed on the job in step 1.

23.85
Figure 5-38.Laying out centerlines on faceplate

work.

3. Move the surface gage across the face
of the work and scribe a light line at points A
and B on the faceplate. Note that the measurement
marks are made on the faceplate to avoid
marring the face of the job.

4. Rotate the work in the lathe by hand
through an arc of 1800 and recheck marks A
and B against the surface gage pointer. Readjust
the surface gage and repeat this procedure until
both points A and B coincide exactly with the
surface gage pointer. Look the gage and scribe
centerline AB across the face of the work.

5. Scribe a circle on the faceplate inter-
secting line AB. Using dividers or trammels,
bisect line AB and scribe points C and D on the
faceplate.

6. Rotate the work by hand and recheck
points C and D to make sure that they coincide
with the surface gage pointer. Scribe centerline
CD across the face of the work.

7. Before detaching the job from the face-
plate it is advisable to mark its exact location
on the faceplate because the job might require
subsequent turning and remounting on the lathe.
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The exact position of the work on the faceplate
may be marked by attaching small blocks of
wood to the faceplate at several points outlining
the silhouette of the job.

Turning Interrupted Surfaces

Thus far we have discussed the lathe turning
operation on stock which offers a continuous,
uninterrupted surface to the cutting tool. For
certain jobs, such as a gear wheel or a star
washer pattern, the Patternmaker win be re-
quired to turn an interrupted surface. As a
PD.13 or PM2 you should be alert to the following
dangers inherent in the turning of interrupted
surfaces:

1. The work tends to grab the cutting tool.
2. The stock tends to split off at the trailing

edge.
3. The limits of the stock are difficult to

see.

Being aware of these dangers, you should
follow and insist upon strict adherence to the
following safety rules:

1. Use the toolrest as much as possible.
2. Adjust and set the compound or the tool-

rest for the start of the cut before turning
the switch on.

3. Take very light cuts, especially when
using handtools.

4. Never attempt to use calipers on inter-
rupted surfaces while the work is in motion.

SAFETY RULES

1. Secure all adjustments before turning on
power. Start lathe at the lowest speed and adjust
speed to the rate appropriate to the size of the
job.

2. Make one complete revolution by hand to
check the clearances before starting the motor.

3. Put a drop of oil or beeswax on the dead
center of the lathe before starting and repeat
at various intervals as required.

4. AU wood to be turned must be free from
deep checks and knots.

5. Allow all glued work to dry properly
before attempting to turn it in the lathe.

6. Use screws instead of nails whenever
possible to attach the work to a faceplate.

7. Remove wrenches from chuck before
starting the motor.

8. Always remove the toolrest before
sanding.

9. Always stop the lathe before making any
adjustment of the toolrest. Keep the toolrest
close to the work but with sufficient clearance
to avoid catching in the revolving stock.

10. Use a turning gouge for roughing down.
11. Use a wooden or rawhide mallet to force

the centers deeply into the stock. Center the
work properly in the lathe. (If the tailstock is
equipped with a setover device, adjust and lock
it at zero, before starting new work.)

12. Remove all flat spots from the work
before attempting to use outside calipers.

13. Never reduce the rpm of a lathe by using
the electrical controls. This may cause the
faceplate to spin off the spindle with dangerous
force.

14. Stop the lathe before using inside calipers.
15. Take precautions to avoid catching cloth-

ing (sleeve, necktie, etc.) in revoiving jobs.
16. Use particular caution in turning inter-

rupted surfaces to avoid grabbing.
17. Never use a turning gouge for faceplate

work.

THE JOINTER

The jointer (also called hand planer and
jointer) is used principally for surfacing and
edging. It is also used for beveling, chamfering,
rabbeting, and tapering. By jointing one face of
a warped board, the jointer can make it suitable
for use in patternmaking. Figure 5-39 illustrates
a model which you may find in your shop.

The size of the jointer is determined by the
length of the cutterhead and is available as
4, 6, 12, 16, 47, or 30 inch.

The machine has a heavy, strongly ribbed
bed with sliding frames to carry the table to and
from a cutterhead. In the cutterhead (fig. 5-40)
there are two, three, or four knives, depending
upon the make of the machine. A movable fence
and automatic safety guard are also provided.

Only sharp knives of equal weight should be
used in the jointer. Dull knives are dangerous,
and knives of unequal weight cause vibration.
The knives should be set accurately to produce
a smooth, even cut and should be fastened
securely to prevent them from flying out. Before
starting the machine, see that the tables and
fence are properly set and locked.
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Figure 5-39. A 6-inch jointer.

OPERATION
OF THE JOINTER

THROAT Pine
THROAT

SIT SCRIMS

KIT LUO

133.73
tgure 5-40.Four-knife cutterhead for a jointer.

table, near the right-hand edge (fig. 5-41). Start
the machine and wait until the cutterhead is

29.138 revolving at maximum speed. Hold the stock
against the fence and always use the guard. Use
a push block (fig. 5-42) on the shorter pieces.
It is safer and better to take several lighter
cuts instead of one deep cut. Too heavy a cut
may cause a kickback.

Before cutting pattern lumber to the desired
size on the circular saw, you would normally
surface the stock. Surfacing includes making one
face of the stock a plane surface, straightening
one edge, and making the stock uniformly thick
throughout its length. A curved or irregular
edge may cause binding and possible accidents.

Thin stock (below 1/4 inch in thickness)
should not be faced on the jointer. Always
consider the front table as 4 inches long, the
throat as 4 inches long, and the rear table as 4
inches long; therefore, stock less than 12 inches
lorg SHOULD NOT be run over ANY jointer.
Working thin or short stock may cause injury
and damage.

Use the jointer for surfacing one face of a
board. Adjust the front table to make a 1/32-inch
cut and set the fence at a right angle to the rear

Care should Le taken to feed the lumber so
it will cut with the grain. As soon as the front
part of the stock passes the cutterhead, hold
it down on the rear table. Since the rear table
determines the plane of the cut, stock inust be
held against it firmly to ensure a true plane.

When you have finished jointing, be sure
that the pcwer is shut off and the cutterhead
has coma to a complete stop before you clean
off the shavings or move the fence.

The jointer is also used for edging a board.
If the edge is fairly straight, hold the board
firmly against the fence and front table and push
it over the cutterhead to the rear table. Repeat
until the edge is perfectly flat.

When edging curved stock, pass the after end
of the concave edge of the board over the cutter
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DEPTH OF CUT DISTANCE THE INFEED
TABLE IS DEPRESSED BELOW THE HIGHEST
POINT REACHED BY THE KNIFE EDGES

OUTFEED TABLE -
INFEED TABLE

Figure 5-41. Principle of operation of the jointer.

103.35
Figure 5-42. A jointer pushboard.

four or five times. This is illustrated in figure
5-43. Reverse the board and joint the outer end;
then joint in the usual way. This permits the
knives to start cutting gradually instead of jab-
bing into the edge and possibly splitting the
board. If a board is badly warped, cut the edge
approximately straight on a bandsaw and finish
on a jointer.

After you have trued one face and one
edge of the stock on the jointer, mark them for
identification purposes. You are now ready to
saw the board to size on the circular saw and
to plane the board on the thickness planer to the
thickness wanted.

MAINTENANCE
OF THE JOINTER

The cutterhead has precision ball bearings.
The model illustrated has the self-aligning,
frictionless ball type which requires very little
attention. Jointers made by other companies will
vary in their lubrication requirements. Some
models must be given careful attention, including
weekly greasings. For all raxlels, dirt is the

1 :.' 4:

133.74

68.24
Figure 5-43. Jointing crooked stock.

outstanding cause of ball bearing troubles; so
keep your machine clean.

The electric motor is enclosed and ventilated.
Occasionally the motor should be blown out with
compressed air to keep all the air ducts open.
It must be lubricated in accordance with the
manufacturer's instructions. The table adjusting
mechanisms are usually oiled once a week.

Additional maintenance information concern-
ing all shaving machines will be discussed later
in this chapter.

SAFETY RULES

1. See that there are no obstructions beyond
the table ends which may cause interruptions
in the work once it is started.
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2. Iropect the safety guard for free action.
Keep the safety guard over as much of the
cutterhead area at all times as the work will
permit.

3. The correct position of the hands in
jointer operation is such that at no time will
they pass above the cutter blades while you
are advancing the stock. Keep hands away from
the front and back ends of the stock and keep
the fingers from extending over the edges of the
stock.

4. Make sure that the exhaust system is in
operation and that the exhaust duct is open,
before starting the machine.

5. Allow the motor to develop full speed
before starting the cut.

6. Inspect all surfaces of the stock and
remove nails, screws, paint, embedded sand,
and other metallic parts that may damage tha
blades.

7. Adjust and lock the fence frame to expose
only the required blade area for the job. Adjust
and lock the guide fence in place before starting
the machine.

8. Do not attempt to take more than a 1/8"
out on edge work or more than a 1/16" cut for
surfacing.

9. Hold the stock down firmly and flush
against the guide fence to prevent any kickback
due to warpage or convex curvature in the stock.
Whenever possible, keep the small finger on top
of the fence while pushing stock.

10. To avoid stock tipping, only stock of
recommended length should be run across the
jointer. Do not attempt to surface stock shorter
than 12" in length.

11. Use a push block when surfacing thin
stock.

12. NEVER attempt to use the jointer to
cut end or cross grain.

13. Do not crowd the knives; this overloads
the machine.

14. When surfacing is completed, turn the
Thlwer off and replace the guard before leaving
the machine. If the guide fence was used with
an angle setting, readjust it and lock it at 90°
before leaving the machine. When the machine
has come to a complete stop, clean all shavings
from the throat.

PLANER

The planer is designed to plane or dress
the surface of wood stock to a desired. uniform
thickness throughout its length and width.

Some types will surface two faces as well
as the two edges with one pass but the type
generally found in Navy shops will surface one
face at a time and is known as the single surfacer
(fig. 6-44).

The size of the surfacer is determined by
the maximum width that it can cut which may
vary, with Navy machines, from 12 to 48 inches.
The model shown in figure 5-14 will plane stock
up to 24 inches wide and 8 inches thick, thus it
is a 24 inch planer.

Figure 5-45 is an illustration of the basic
parts of a single surfacer.

The bed of a conventional single surfacer
has three sections: front table, center table,
and rear table with the lower infeed and outfeed
rollers mounted on either side of the center
table. These rollers span the entire width of the
bed with the outfeed roller about 10 inches to the
rear of the infeed roller. The rollers are set
from 1/32" to 1/16" higher than the tables. The
bed can be raised and lowered by either a manually
operated handwheel (fig. 5 -44) or by a power
hoist.

The upper section of the single surfacer
consists of an upper infeed roller, upper outfeed
roller, the cutterhead, the chip breakers, and the
pressure bar.

The single surfacers used in Navy shops
usually are provided with a spring loaded,
sectional upper infeed roller, each section being
about 1 1/2" wide. This is a much safer roller
than the solid bar type as it allows for the uneven
surface of rough stock and ensures contact with
the stock at all times. This roller feeds the
stock into the cutter and must always main-
tain enough pressure on the stock to prevent
it from being kicked back against the operator.

The upper outfeed roller is a solid bar type
and is responsible for pulling the finished stock
out of the machine.

The cutterhead is usually a solid cylinder,
slotted to hold three or four knives and is
similar to the jointer cutterhead.

The knives in the cutterhead are balanced,
matched sets. If the knives are removed from
the machine for sharpening, care should be taken
that they are marked and taped together to ensure
that they are not mixed with another set.

Some machines are provided with a knife
grinding attachment which can be mounted on
top of the machine. This enables you to sharpen
the knives without removing them from the
cutterhead. After the grinding attachment has
been used, it must be removed from most
machines to allow the re-attachment of the
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DEPTH
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KNIFE GRINDING
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DEPTH
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SPEED
CONTROL

UPPER OUTFEED ROLLER

DRIVE MOTOR
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29.135

Figure 5 -44. Single surfacer.
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29.135(68C)

Figure 6-46. Basic parts of a single surfacer.
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sawdust collector exhaust hood. The knife grinding
attachment will be discussed later in this chapter.

The chip breakers are situated in front of
the cutterhead. They are spring loaded, usually
about 1 1/2" to 2" wide and extend the full
length of the cutterhead. Their function is to
prevent excessive chipping by pressing down on
the stock and forcing the chips to break into
small pieces.

Imraediately behind the cutterhead is the
pressure bar which also extends the complete
length of the cutterhead. The pressure bar is
solid and has a smooth lower face. Its function
is to hold the stock firmly in place aster it has
been planed.

A single surfacer may have one or two motors.
In the two motor machine, one motor will be a
direct mounted, high speed type which drives
the cutterhead at 3600 rpm. The other motor
will be a variable speed type which drives the
feed rollers at 0 to 60 feet per minute (fpm).

In the single motor type, the cutterhead is
usually direct drive also but the feed rollers
are driven by either a system of speed chains
and sprockets or belts and pulleys. Both systems
are variable and will usually allow for 0 to 60
fpm feed.

Some machines, usually the two motor type,
will have a reverse feed feature which allows
the operator to back stock out of the machine.

All planers are provided witha depth indicator
scale, a depth adjustment wheel, which raises or
lowers the bed, and a speed control lever or
wheel which regulates the feed by fpm.

OPERATION
OF THE PLANER

The lumber that is stocked by the Navy is
in its rough state. It may contain staples from
shipping tags, nails, screws, imbedded dirt, paint,
loose knots, or a variety of other objects that
could damage the machine or create a safety
hazard so it is very important to inspect the
stock thoroughly before surfacing it.

Since the Patternmaker needs perfectly flat
stock, the next step is to obtain one true face
and one true edge on the jointer. THE PLANER
IS NOT DESIGNED TO STRAIGHTEN WARPED
STOCK. If a warped board is passed through
the machine, the rollers and a pressure bar will
hold it flat but as soon as the board is released
by the machine, the board will return to its
warped condition.

After you have trued your stock, cut it to
the desired width and about 6 inches longer than

the desired length, Cutting the stock to width
saves material and the additional length ensures
plenty of useable stock if the stock chips out
on the ends.

CAUTION: Do not try to plane stock that is less
than 2 inches longer than the distance between
the centers of the infeed and outfeed rollers.
Stock that is too short to span both the infeed
and outfeed rollers has a tendency to jump and
the finished work is not smooth.

Now you are ready to plane the board to
the desired thickness.

Before starting the planer, sight through
it and see that there are no loose chips or
foreign objects on any of the tables, measure
the stock at its thickest section, adjust the bed
so that the depth indicator measures 1/16" less
than this measurement. One sixteenth inch is the
maximum cut that may be taken on soft woods,
1/32" for hardwoods. Now set the feed indicator
at 25 fpm, which is the rate of feed for average
work, disengage the feed mechanism, open the
exhaust vent, and start the machine. Wait until
the cutterhead reaches full speed and engage the
feed mechanism. Place the stock on the front
table with the rough side up and the direction
of the grain running with the cut (fig. 5-46).
Be careful not to have your fingers alongside
or under the stock. Push the stock forward and
at a slight angle until it is engaged by the infeed
rollers and then release it. (The slight angle
helps to minimize chipping.)
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If the planer cutterhead stows, stop the feed
and reset the feed control to a slower feed rate,
wait for the cutterhead to regain full speed and
then restart the feed mechanism.

To reduce two or more pieces of stock to the
same thickness, run all the pieces, one at a time,
through the planer. Then reset the machine for
another cut and run them through again. This is
repeated until you are ready to make the final
cut. Before making the final cut, it is a good
practice to run a test piece through the machine
and reset until the desired thickness is obtained.

When surfacing stock for patterns, do not
use a stuidard rule. Always use the same shrink
rule that was used in developing your layout.

MAINTENANCE
OF THE PLANER

It is very important to keep the planer, as
well as all machines, clean. The most outstanding
cause of machine breakdown is dirt. Particles
will get into bearings, cling to chains, sprockets
and rollen, stick to belts and cutterheads,
and eventually render the machine either in-
operative or inaccurate. Use compressed air
to clear the machine of loose dirt and sawdust.
Use a non-corrosive solvent to clean rollers,
tables, cutterheads, and any other areas where
dirt is stuck to a part. Never use a wire brush
or sandpaper to clean tables and rollers or
other polished surfaces as they scratch the
surface and make it much easier for dirt to
cling.

As each manufacturer's machine has different
maintenance requirements, it is necessary to
refer to the manufacturer's instruction booklet
for specific maintenance requirements.

SAFETY RULES

1. Before starting the machine, make sure
that the exhaust system is in operation and that
the exhaust duct is open.

2. Sight through the machine to see that the
table is clear of chips and shavings.

3. Allow the motor to come up to speed
before starting the stock through the rollers.

4. Joint one surface before running stock
through the planer. Measure the thickness of
the stock at the greatest point to determine the
maximum diameter.

5. The maximum cut for average work is
1/16".

6. If the stock jams, stop the machine and
make sure that the cutters have stopped com-
pletely before lowering the table.

7, The minimum length of the stock to be
surfaced should be at least 2" greater than the
center-to-center distance between rollers.

8. Keep fingers above the bottom edge of
the material when feeding stock into the planer.
Keep hands and measuring tools off the top of
the advancing lumber.

9. Stand clear of the material passing
through the planer to avoid injury due to kick-
back.

10. Before running stock through the planer,
inspect the lumber for nails, screws, loose
knots, paint, and embedded sand. The presence
of such materials will cause damage to the
blades.

11. Feed stock into the planer so that it cuts
with and not against the grain. Use the rate of
speed that is appropriate for the thickness of
the cut, the width of the board, and the type of
lumber. If the speed is too fast, it produces a
corrugated effect on the surface of the lumber.

12. Do not attempt to raise or lower the
table after the cutting operation is once started,

13. Do not use a planer to cut down plywood
thickness.

CARE AND MAINTENANCE
OF POWER SHAVING TOOLS

The two most important factors in the care
and maintenance of a jointer, surfacer, or
shaper are the proper lubrication of all moving
parts and the proper sharpening and adjustment
of the knives and/or cutters. Dull knives and
cutters deteriorate the machinery by causing
it to "labor," and to "chatter" or vibrate.
Besides, a dull knife or cutter on a power
shaving machine is a very dangerous hazard, A
dull knife or cutter tends to "catch" in the
wood, and since the machine is cutting toward
the operator the result of a catch is a violent
throw-back of the stock toward the operator.
The piece may strike the operator, but more
serious than this is the fact that the operator's
hands, when the piece is torn out of them, may
be driven against the knives or the cutters,

The best way to sharpen the knives on a
jointer or surfacer is with a KNIFE GRINDING
ATTACHMENT like the one shown on the sur-
facer in figure 5-44. With one of these devices
the knives can be sharpened without removing
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them from the cutterhead. The knife grinding
attachment consists of a small motor-driven
grinding wheel, mounted in a SADDLE which
can be cranked back and forth on a steel bar
called a BRIDGE. The bridge can be mounted
over the cutterhead by means of a couple of
BRIDGE BRACKETS. The general procedure
for sharpening with a knife-grinding attachment
is as follows:

Open the starting switch on the machine and
lock it open. If the power line has a main
switch which can be opened, open that switch as
well.

Revolve the cutterhead by hand until a knife
is in a position where the cutterhead LOCKING
PIN can be put on. The locking pin holds the
uppermost knife in correct grinding position.

Loosen the set screws until they are holding
the knife only lightly. and move the knife up
about 1/12 in. The nest way to do this and
still keep the knife level is to use a THREE-
PRONGED KNIFE GAGE. This device has two
prongs which fit against the cutterhead on either
side of the knife, and a third prong in the
center which can be set to any desired amount
of protrusion of the knife edge. When the knife
has been set at the desired height, tighten the
set screws.

Adjust the knife edges of the other knives to
the same height.

Set the grinding attachment in place, bring
the grinder down to contact the bevel on the
first knife, and crank the grinder back and
forth over the knife several times. Take a light
cut, and crank fast enough to keep the knife
from overheating. Repeat on the other two knives.

When the first knife is again under the
grinder, lower the grinder slightly and repeat
the above procedure on all three knives. Re-
peat this whole process, lowering the grinder a
little every time you get back to the first knife,
until all nicks have been ground away and there
is a perfect bevel on every knife in the cutter-
head.

The next step is JOINTING the knives, which
means, as in the case of a circular saw, ensur-
ing that the knife edges form a perfect circle
as the cutterhead revolves. Remove the motor
from the saddle and install a JOINTING AT-
TACHMENT. A jointing attachment is a device
with a fine whetstone attached to its lower end;
the whetstone can be set so that it barely
touches the knife edges. Set it so, revolving
the cutterhead by hand to ensure that there Ic the
barest contact and no more.
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Start the machine and crank the jointing
attachment back and forth several times over
the revolving knives. Stop the machine and
examine the knife edges. If they have not all
been slightly touched, lower the stone just a
little and repeat the process until every knife
edge has been touched.

In the absence of a knife grinding attachment,
the knives mist be removed fro& the cutter-
head and ground on an oilstone grinder or in
some other manner.

NOTE: Extreme care must always be taken
to ensure that all knives of the set weigh exactly
the same after they have been sharpened.

To readjust the knives in the cutterhead of a
jointer, place a builder's level or a wooden
straightedge on the outfeed table and line the
highest point reached by each knife edge with
the lower edge of the straightedge as follows.
Place the knife in the cutterhead and set the
set screws up lightly. Place the straightedge
over one end of the knife and raise or lower the
knife until the edge barely contacts the straight-
edge when the cutterhead is rotated by hand.
Move the straightedge to the other end of the
knife and repeat the same procedure. Tighten
the setscrews and make a final cheek for
correct height at both ends of the knife. Repeat
the same procedure with the remaining knives.

A flat shaper knife with a straight cutting
edge is ground and whetted like a plane iron or
a chisel. As is the case with a jointer or sur-
facer, the knives in a shaper must be exactly
equal in size and weight. Three-way cutters
and knives with curved edges must be sharp-
ened "free-hand" with a small portable grinding
wheel, called a "grinding pencil." The greatest
care must be taken to keep pairs of knives and
the cutting extensions in a three-way cutter
exactly alike in size, weight, and shape.

WOODWORKING SHAPER

The SHAPER is designed primarily for edging
curved stock and for cutting ornamental edges,
as on moldings; but it can also be used for
rabbeting, grooving, FLUTING, and BEADING.
A FLUTE is a straight groove with a curved
rather than a rectangular cross section. A
BEAD might be called the reverse of a flute.
A heavy duty shaper is shown in figure 5-47
and a light duty shaper in figure 5-48.
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133.75
Figure 5-47. Wood shaper.
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The flat cutter or knives on a shaper are
mounted on a vertical SPINDLE and held in
place by a hexagonal SPINDLE NUT. A grooved
COLLAR is placed below and above the cutter
or knives to receive the edge of the knives.
Ball bearing collars are available for use as
guides on irregular work where the fence isn't
used. The part of the edge that is to remain
uncut runs against the ball bearing collar, as
shown in the bottom view of figure 5-49.

A THREE WING CUTTER fits over the
spindle as shown in the upper view of figure
5-49, FLAT KNIFE cutters are assembled in
pairs between collars. Both cutters and knives
come with cutting edges in a great variety of
shapes. BLANK flat knives are available which
mly be ground to any desired shape of cutting
edge. This is done only by experienced per-
sonnel.

OPERATION
OF THE SHAPER

For shaping the side edges on a rectangular
piece, a light-duty shaper has an ADJUSTABLE

FLAT KNIFE

THREEWING SOLID CUTTER

GROOVED SHAPER COLLAR

ASSEMBLED FLAT
KNIFE SHAPER
HEAD

133.76
68.27 Figure 5-49. Three -wing cutter and flat knives

Figure. 5-48. A light-duty wood shaper, for a shaper.
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FENCE like the one shown on the shaper in
figure 5-48. For shaping the end-edges on a
rectangular piece, a machine of this type has a
SLIDING FENCE, similar to the cutoff gage on
a circular saw. The sliding fence slides in the
groove shown in the table top.

On larger machines the fence consists of a
broad straightedge, clamped to the table with a
handscrew as shown in figure 5 -50. A semi-
circular opening is sawed in the edge of the
straightedge to accommodate the spindle and
the cutters or knives. Whenever possible, a
guard of the type shown in the figure should be
placed over the spindle.

For shaping curved edges there are usually
a couple of holes in the table, one on either side
of the spindle, in which vertical STARTER
PINS can be inserted. When a curved edge is
being shaped, the piece is guided by and steadied
against the starter pin and the ball bearing
collar on the spindle.

Many shapers are equipped with a spindle
which can run either clockwise or counter-
clockwise. Therefore, it is important to check
the direction of the spindle rotation before
starting a cut on the machine.

BLOCK SHOULD BE MADE
THIN ENOUGH TO CAUSE
END OF GUARD TO BEAR
LIGHTLY 0," PIECE

GUARD

Like the jointer and surfacer, the shaper
cuts toward the infeed side of the spindle, which
is against the rotation of the spindle. Stock
should t.erefore be placed with grain running
toward the infeed side.

MAINTENANCE
OF A SHAPER

Maintenance of a specific shaper should be
performed in accordance with the applicable
manufacturer's technical manual.

SAFETY RULES

Make sure the knives are sharp and are well
secured.

If curved or irregularly-shaped edges are to
be shaped, place the stock in position and check
to see that the collar will rub against part of
the edge which should not be removed.

Whenever the straight fence cannot be used,
always use a starting pin in the table top.

Always take several light cuts instead of
attempting an extremely deep cut.

SPINDLE
FENCE

183.77
Figure 6-60.Shaper table, showing straightedge fence and guard.

136



Chapter 5WOODWORKING MACHINES

Make sure the shaper knives rotate toward
the work.

Whenever possible, always use a guard,
pressure bar, holddown, or holding jig.

If possible, place the cutter on the shaper
spindle so that the cutting will be done on the
lower side of the stock.

NEVER BACK UP ON A CUT.
Do not attempt to shape small pieces of wood.
Check all adjustments before turning on the

power.
"The spindle shaper is probably one of the

most DANGEROUS machines used in the shop.
Use extreme caution at all times."

68.28
Figure 5-51.Single-spindle, vertical boring

machine.

THE VERTICAL BORER

In the shop, the vertical borer (fig. 5-51),
which may be a drill press (fig. 5-52), is used
mainly for boring holes, boring encess stock
away, and planing.
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Figure 5-52. Drill press.

10

11.10X



PATTERNMAKER 3 &

The model illustrated in figure 5-51 is a
single-spindle vertical boring machine and is
capable of boring holes 2 inches in diameter
and 6 inches deep in the center of 36-inch
stock. The table easily adjusts 12 inches in
a vertical direction, swivels in a complete
circle, and tilts 45 degrees. It can be raised
or lowered by means of self-locking spiral
gears and a slip crank. Two adjustable, holding-
down fingers are fastened to each side of the
column near the head, to prevent stock from
climbing when the bit recedes.

An enclosed motor is mounted directly on
the boring spindle. The spindle has a maximum
speed of 3,600 rpm and a vertical movement
of 6 1/2 inches, controlled by a foot lever.
The regular boring bits range from 1/4 inch
to 2 inches. A variety of cutters in different
shapes and sizes is also available. An example
is the fillet cutter that is made for cutting a
fillet into a pattern. This cutter can also be
used where it is necessary to cut a recess,
level it, and leave a fillet in the corner.

Many manufacturers of drill presses and
vertical boring machines are now equipping
their products with shaper, router, and mortising
attachments. Ordinarily these attachments are
recommended for light work only. Samples of
the work that can be done with some of the
special cutters are shown in figure 5-53.

Before starting the motor, be sure that
all the adjustments are correct and that the
wrench used to tighten the cutter is not in
the chuck.

There is little maintenance care needed for
the vertical borer and drill press. Lubricating
the motor and spindle in accordance with the
manufacturer's instructions and keeping the
cutting bits sharp are the two most important
requirements.

The following safety rules apply to the vertical
borer and drill press:

1. Remove the wrench from the chuck before
turning the switch on.

2. Use a slow speed for wood bits.
3. Secure work properly before drilling or

boring.
4. Do not use long bits in high speed

machines.
6. Do not wear gloves while operating a

drill press.
6. Always secure the machine before adjusting

the table or drill head.

68.29
Figure 5-53. Special cutters.

SANDERS

Shaping wood by the use of sanding machines
has become an important technique in the pattern
shop of today. Two sanders are of primary
importance: (1) the disk sander, and (2) the
spindle sander.

DISK SANDER

The disk sander, illustrated in figure 5-54,
is a great timesaver and does a more accurate
job than can usually be done with handtools.
It is used to smooth the end grain of stock
and to put draft on pattern sides. The disk
sander likewise is used to shape flat surfaces
and the outsides of convex-curved faces of
stock. It also sands out saw marks.

The illustrated model has a removable
15-inch metal plate disk that revolves at a speed
of 1,800 rpm. Three screws secure the disk
to the disk hub. Garnet paper aisks are glued
to the face of the disk for wood sanding.

The table of the disk sander tilts 45° down
and 25° up. The handwheel and worm arrange-
ment is self-locking at the desired angle.
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68.30
Figure 6-64. A disk sander.

Operation of the Disk Sander

When using the disk sander, place the stock
against the right-hand side of the sander if
possible. If you use the left-hand side, you
most likely will get some grit and dust thrown
into your face. Article 12209 of U. S. Navy
Safety Precautions states that goggles and masks
shall be used during sanding operations.

Be sure that the table is square or at the
angle wanted before you start sanding. Also
check your stock if it has been glued, and see
that the glue has hardened thoroughly. Sandpaper
will readily pick up fresh glue from the stock,
which impairs the cutting quality of the
sandpaper.

While sanding, move the stock along the
disk sander so you do not hold the stock in
any one place too long. This prevents the burning
of the sandpaper and the grooving of the stock.
Always remember to watch out for your fingers.

When you have finished sanding the job, be
sure that the table is set square.

Maintenance of the Disk Sander

Little maintenance care is required for the
sanders. Regular oiling and greasing are most
important. Also, change the sandpaper whenever
it is clogged.

Safety Rules

1. Determine the direction of rotation of the
sander before using. Use the right side of the
disk if the motion is clockwise; use the left
side if the motion is counterclockwise.

2. Never allow too large a gap between the
table and the disk.

3. Oscillate the work while sanding to avoid
burning the stock and plugging the sandpaper.

4. Use goggles, eyeshields, and dust guards.
5. Be sure that the work is held firmly r.:id

is flat on the table before engaging the sander.
6. Place small stock in a clamping jig or

other holding device to prevent burning the
fingers by accidental contact with the abrasive.

7. Clean glue, grease, or paint from the
surface of the stock before sanding.

8. When it is desirable to adjust the table
at a sharp angle, tilt the table down rather than
up to prevent the hands from being fed into the
sander.

9. Always adjust the table to 90° before
leaving thA machine.

SPINDLE SANDER

The spindle sander, illustrated in figure
6-55, is used to sand both straight and curved
inside surfaces, and outside curved surfaces that
are not adaptable to the disk sander.

The spindle that revolves the sandpaper
has rem*vable drums or cylinders of various
diameters. It moves in an oscillating up-and-
down motion at the same time that it revolves.
The sandpaper rolls or tubes are attached to
the cylinder. The table is also adjustable and
may be locked at different angles.

Some manufacturers make single machines
that combine the features of both the disk and
spindle sanders.
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68.31
Figure 5-55. A spindle sander.

THE GRINDER

A grinder for all-round use in the pattern
shop is shown in figures 5-56 and 5-57. In this
model, a fully enclosed motor is mounted on the
cast-iron column. The motor has a double-ended
shaft. At one end is an emery cone and a
leather stropping wheel. The other end carries
a gear and a flexible coupling that transmits
power to one emery wheel and two oilstone
wheels.

An automatic saturation system is provided
by having an oil reservoir mounted over each
oilstone wheel with the oil dripping on the
inside of the wheel. Petcocks regulate the
flow of oil and special wipers prevent the oil

from being thrown off the wheels. The wheels
are of the cup wheel type and run in ball
bearings. They are 8 inches in diameter, have
a 2-inch face, and have a speed of 300 rpm.
One oilstone wheel is of coarse grain for rapid
abrasion; the other wheel is of fine grain for
putting a smooth, keen edge on a tool.

In front of the oilstone wheels is a table
that tilts to any desired angle and which has
a horizontal adjustment of several inches. It
is fitted with a special toolholder for holding
chisels and other edged tools. The holder has
a screw feed arrangement for feeding the tools
to the oilstones when grinding.

On the other side of the machine is an
emery cone that is used for grinding gouges
and irregular-shaped tools. It is 3 inches in
diameter, 5 inches in length, and has a speed
of 1,800 rpm. On the same shaft is a leather
stropping wheel that takes away burrs and puts
the finishing touches on the tools. There is
also an emery wheel mounted on a ball-bearing
shaft. It is 8 inches by 1/2 inch in size and
is used for general dry grinding. A right-angle
toolrest permits grinding on the side of the
emery wheel as well as on the face.

OPERATION OF
OILSTONE GRINDER

When a plane iron does not cut smoothly
or easily it should be sharpened by hand on
a whetstone. If there are nicks in the cutting
edge, the plane iron should be ground on a
power grinder. The cutting edge of the plane
iron is moved back and forth as the oilstone
revolves toward it. It should be ground at an
angle of about 30° if it is to be used for cutting
very hard wood, and at about 20° for white
pine.

When the plane iron is pushed back and
forth, do not exert much pressure or the edge
will overheat and lose its temper. Plane irons
should be examined occasionally to see that they
are being ground straight and square. If the oil-
stone is being used, the chances of overheating
and burning the steel are lessened. If a dry
grinder is being used, the plane iron should be
dipped in water frequently to cool it. Goggles
must be worn while grinding.

Plane irons have their cutting edges ground
to suit the type of work they do. The jack
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Figure 5-56. Top view of a tool grinder.

plane irons are used to take the wind or warp
out of a surface. The cutting edge should be
almost straight across with only a 1/16-inch
crown (fig. 5-58).

Fore planes, and jointer planes are used
to produce a smooth surface. They are ground
almost straight, with a 1/32-inch crown. (See
fig. 5-58.)

The block plane and the smoothing plane
are ground straight with the corners rounded.
This is to help keep the corners from digging
in and grooving the wood. The rounding of the
corners is best done by hand or with an oilstone
(fig. 5-58).

4:k
r

GRINDING

TABLE

EMERY

WHEEL

GUARD

GUARD

OILSTONE

WHEEL

TOOL R

ADJUSTING KNOB

68.32X

Whetting the plane iron to a keen cutting
edge is done on a flat oilstone. Before be-
ginning, wipe the stone clean and wet the
surface with a solution of one part machine
oil and one part kerosene. Hold the bevel
cutting edge of the iron at about a 25. angle.
Whet the plane iron in a circular motion moving
back and forth across the entire length of the
oilstone. This pushes the grit and small
particles of steel to one side and also prevents
uneven wearing of the stone. Continue whetting
until a fine, wire edge is formed along the
cutting edge. Turn the plane iron over and
lay the back side down flat on the face of the
oilstone. A few light strokes will remove the
wire edge. Use the oil-kerosene solution freely
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e4

on the stone. After this whetting, hone the
plane iron carefully on both sides using the
leather strop.

The other cutting tools require the same
grinding, whetting and honing attention as that
given the plane iron. The spokeshave blade,
for example, is ground at an angle of 22° and
then whetted and stropped. Paring chisels should
be ground at about 15° and fitmer chisels
at about 200.

The gouge should be ground very slowly
on the core grinding wheel. The paring gouges
should be ground at 15 °, the inside firmer
gouges at 20°, and the outside firmer gouges
at 25° to 30°.

A slipstone is used for whetting the cutting
edges of the gouges. The slipstone should be
held low so that the gouge will not cut your
hand. Move the slipstone back and forth as
you press fairly hard against the cutting edge
of the gouge. The slipstone is kept at the same
angle as the gouge was ground. The, reverse
side of the gouge is also sharpened, with the
slipstone held flat on the back of the gouge.
The leather strop is pushed down on both the
front and back of the gouge at the same grinding
angle to complete the sharpening.

CARE AND MAINTENANCE
OF ABRASIVE EQUIPMENT

Abrasive wheels and oilstones are very
easily broken or cracked, and must be handled
and stowed with the greatest care. A wheel

103.36 should be given a regular RING TEST for
Figure 5-57.A standard tool grinder. cracks. Tap the wheel with a rubber-faced

FOREPLANE
OR JOINTER

A

SMOOTH OR BLOCK

Figure 5-58. Plane -iron shapes.
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hammer or mallet. A ringing sound indicates
a sound wheel. A dull thudding sound indicates
a cracked wheel. NEVER USE A CRACKED
WHEEL.

When you are installing a new wheel, NEVER
force the wheel onto the spindle. The wheel
must slide easily with about 0.003 to 0.005 in.
clearance. If it doesn't IT IS NOT THE RIGHT
SIZE FOR THE SPINDLE.

Tighten the spindle nut just enough to set the
flanges firmly against the wheel. Overtightening
may crack the wheel. After installing, GET
YOURSELF AND EVERYBODY ELSE. OUT OF
THE LINE OF THE WHEEL, turn the power
on, and keep clear until the grinder has run long
enough to indicate that the wheel is not going to
fly apart.

If a wheel GLAZES rapidly, decrease the
speed of the grinder or put on a softer wheel.
If a wheel LOADS rapidly (LOADING means
the clogging of surface pores with the material
being ground), increase the speed of the grinder
or put on a softer wheel.

A glazed or loaded wheel should be DRESSED,
and a wheel which has become out-of-round or
irregular on the surface must be TRUED. The
same procedure is used to cure both conditions;
it is called DRESSING, and it is done with a
WHEEL DRESSER. CUTTER and TUBE type
dressers are shown in figure 5-59. A DIA-
MOND wheel dresser (which is the meeteffective)
is shown in figure 5-60.

The procedure for dressing a wheel is as
follows:

1. Adjust the tool rest to permit the wheel
dresser to contact the centerline of the wheel,
as shown in figure 5-61. The cutter type dresser

CUTTER TYPE DRESSER

TUBE TYPE DRESSER

28.63(133E)A
Figure 5-59. Cutter and tube type wheel

dressers.

DIAMOND WHEEL DRESSER

10 it 15
DEGREES

DIAMOND
TOOL HOLDER

TABLE

28.63(133E) B
Figure 5-60. Diamond wheel dresser.

WHEEL DRESSER

GRINDER REST

ADJUST RE: 1' AWAY FROM
WHEEL TO PEWIT LEG OF
WHEEL DRESSER TO GUIDE
ON FRONT EDGE OF REST

28.63(133I))C
Figure 5-61. Dressing with a cutter type

dresser.

is held with the lug on the cutter against the
front edge of the tool rest, as shown in thefigure.
The tube type dresser is held flat on the tool
rest, as shown in figure 5-62.

2. Start the wheel and slowly press the
dresser against the face until you feel the
dresser start to "bite."

3. Move the dresser from side to side and
gradually press it forward until you feel it
"bite" all the way across the face of the wheel.

Do not grind against the sides or corners of
a wheel unless it is absolutely impossible to do
the grinding job on the face.

A grinding wheel will gradually wear down,
or will gradually be dressed down, to a diameter
which is much smaller than the original diame-
ter. As the wheel becomes smaller, the speed
of the grinder should be increased to allow for
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28.63(133E)D
Figure 5-62.Dressing with a tube type dresser.

the red:led speed of travel of the smaller
grinding face. If the same speed is maintained
for the smaller wheel, the wheel will "act
soft." and it will also wear down too rapidly.

A new oilstone should be soaked in engine
oil before it is used for whetting. To prevent
glazing, oil should alwciya be applied when the
stone is used for whetting. The stone should be
wiped clean with cloth or cotton waste after
each use. A glazed or "gummed up" stone
should be washed with dry-cleaning solvent or
aqua ammonia. If the stone cannot be thoroughly
cleaned in this manner, it should be scored
with aluminum oxide abrasive cloth or flint
sandpaper.

For whetting plexne irons, chisels, and the
like, the faces of an oilstone must be perfectly
flat. An uneven face can be trued up on the side
of an old grinding weeel, or by rubbing on a
piece of moistened waterproof artificial abrasive
paper laid on a flat, true, hard surface.

SAFETY RULES

1. Inspect the wheel for glaze, trueness,
and general condition before using the machine.

2. Use safety goggles and eyeshield when
grinding.

3. Keep the toolrest close to and above the
center of the wheel.

- 4. Stand to one side of the wheel when
starting the machine.

5. Do not wear gloves during grinding
operations.

6. Never use a rag to hold the object that
is bel.ng ground. Hold small objects securely
in a jig, clamp, or other suitable holding device.

7. Never grind on the side of the wheel.

8. Always have a pot of water close by the
wheel to cool off the surface being ground.

9. Never try to slow the wheel by using the
bare hands. Wait until the machine coasts to a
full stop.

10. Avoid grinding bronze, brass, aluminum,
lead, or galvanized metal on any emery wheel.
(If it becomes necessary to grind any of these
soft metals, dress the emery wheel immediately
after using.)

11. If the wheel has received a severe jolt,
remove it for thorough inspection and test it
before using.

12. Exces ;ive vibration indicates that the
wheel is out of round. Dress it immediately.

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 6.

AIR DRIED LUMBER Lumber seasoned by
being permitted to dry out naturally.

CUPP1Nu The tendency cf tangential sawed
boards to curl away from the heart oi the tree.

GYPSUM Mineral from which plaster of paris
is produced.

KILN DRIED Lumber artificially dried under
controlled temperature and relative humidity
conditions by being placed in a specially designed
enclosure called a KILN.

STOPPING OFFProcess of filling up with sand
a part of a mold to eliminate that part not wanted
as a part of the casting.

SWEEP A board or template shaped to a
required profile used to remove excess material
from a mold or core.

SWEEP WORK Forming molds or cores by
using sweeps instead of patterns.
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PATTERNMAKING STRUCTURAL MATERIALS

As a Patternmaker, you will be working
mostly with wood. Wood is not the only material
from which patterns can be made. Several other
materials, such as metals, plasters, and plastics,
are used in patternrnaking. In selecting the
material from which to make patterns, you
must take the following four factors into
consideration:

1. Cost per casting.
2. Number of castings to be produced.
3. Foundry method to be used.
4. Design of the casting.

This chapter provides information on the
classification of trees, tree growth and struc-
ture, and the cutting and seasoning of lumber.
In addition, grades, sizes, measurement, defects,
care and storage of wood, and wood joints
are considered.

The pattern shop on a repair ship or tender
rarely produces patterns for mass production
work. Usually, only a few castings of a given
part must be made as quickly and as economi-
cally as possible. Thus, wood is most often
the material selected for Navy patterns.

Twentieth century production methods, such
as those employed by the railroad, automobile,
and aircraft industries, require patterns that
can stand up under more demanding foundry
methods. Metal has now become a standard
pattern material in the heavy industries where
mass production and machine molding techniques
are used. In addition, new plaster and plastic
materials have been developed. Different types
of tools, machines, and equipment are needed
for these materials. As a result, where a large
number of patternmakers are employed in
industry, specialization takes place and the
patterpmaker is designated as a wood, metal,
or plaster craftsman.

Navy Patternmakers almost invariably use
wood in the production of patterns. Because
the Navy does not mass produce castings in

its shipboard foundries. other patternmaKing
materials, such as metal, plaster, and plastics,
are not used extensively aboard ship. However,
the Navy wants you to be acquainted with these
patternmaking developments.

41

WOOD

Trees are basically classified (according
to the nature of their growth) into four general
groups: (1) naked seed or needle-leafed trees,
(2) two-seed or broad-leafed trees, (3) one-seed
or bamboo trees, and (4) one-seed or palm
trees. Wood from each group as a whole has
its own characteristic qualities. However, woods
from within each group vary greatly and are
further classified according to the qualities of
hardness, toughness, and flexibility. HARDNESS
is measured by the compression which a piece
of lumber can undergo when a weight or force
is applied to it. The naked-seed or needle-leafed
woods are generally softwoods and are easily
worked with tools, Most one-seed orbroad-leafed
woods are hard, and some types are very difficult
to work with. TOUGHNESS is the measure of
strength and durability of wood. Tough wood
will stand rough treatment before it will break
or split. FLEXIBILITY is measured by the
amount a piece of lumber will bend before
breaking. Softwood is brittle, while most hard-
wood is flexible. Moist lumber is more flexible
than dry lumber. Hardwoods do not split as easily
as softwoods end seasoned lumber does not
split as easily as green lumber.

Trees are classified in the lumber industry
as hardwoods or softwoods. These two terms,
while used extensively by carpenters and other
woodworkers, are used more as a matter of
convenience than as exact classification terms.
In fact, this classification does not depend so
much upon how hard the wood is as it does upon
WHAT KIND OF LEAVES THE TREE HAD.
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If the tree had broad leaves that were shed in
winter the wood is classified as hardwood. If
the tree had needle leaves or cones the wood
is called softwood. Generally, softwood is any
wood light in texture, nonresistant to warpage,
and easily worked; while hardwood is any heavy,
close-grained, warpage resistant wood.

This classification is somewhat confusing
because some so-called softwoods are just as
hard as some of the hardwoods. Also, some of
the hardwoods are softer than the softwoods.

Hardwoods are used extensively in general
construction and repair work because of their
strength, durability, and elasticity. They are
also used in making furniture, dowels, and some
patterns. Among the native hardwoods are ash,
birch, beech, white oak, poplar, walnut, and
maple, The most commonly used imported hard-
woods are mahogany, teak, and lignum vitae.

Patternmakers prefer softwoods for most
patterns. Softwoods are also used as structural
lumber, boat planking, shoring, and plywood.
Among the native softwoods are white cedar,
cypress, Douglas fir, white pine, yellow pine,
and redwood.

TREE GROWTH
AND STRUCTURE

Every piece of wood is made up of a number
of small CELLS, the size and arrangement of
which determine the grain of the wood and
many of its properties. Examine a freshly cut
tree stump, and you will see that the millions
of large and small cells are arranged in cir-
cular RINGS around the PITH or center of
the tree and are growing in a vertical direction.
The large cells have thin walls and the smaller
cells have thick walls. See figures 6-1 and 6-2.
Rings are caused by a difference in rate of
the tree's growth during various seasons of the
year. In spring a tree grows rapidly and builds
up a thick layer of comparatively soft, large
cells, which appear in the cross section of the
trunk as the light-colored annual rings (SPRING
RINGS).

As the weather gets hotter during early
summer, the rate of growth slows and the
summer cells become darker and more closely
packed and form the dark annual rings (ANNUAL
RINGS). Because only these dark rings are
counted when the age of a tree is being deter-
mined, many people erroneously believe that only
one ring is formed each year. But actually two

SPRING RING

SUMMER RING

letrt: BARK

PITH

CAMBIUM

SAPWOOD

HEARTWOOD

MEDULLARY RAY

29.115
Figure 6-1. Cross section of a tree.

SPRING
WOOD

AXIS OF
TR

68.33
Figure 6-4Structure of wood.

rings are formed each year, a light-colored
ring in the spring and a darker ring in summer.
The terms early wood and late wood are used
with reference to the growth zones of the annual
rings. Some trees, such as oak and walnut, have
more distinctive rings than otters. White pine,
on the other hand, is so uniform that you can
hardly distinguish the rings.

The SAPWOOD of a tree is the outer section
of the tree between the HEARTWOOD (darker
center wood) and the BARK. Sapwood is lighter
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in color than heartwood; but, as sapwood grad-
ually changes to heartwood on the inside, it
becomes darker. The CAMBIUM LAYER is the
boundary between the sapwood and the bark.
In this thin layer, new sapwood cells form.
From 9 to 35 years are required to transform
sapwood into heartwood, depending upon the
type of tree.

MEDULLARY RAYS are radial lines of wood
cells. (They are especially prominent in oak.)
Their function is to accommodate horizontal
movement of cell liquids. In speaking of medul-
lary rays, THICKNESS refers to the horizontal
dimension, and WIDTH to the vertical dimension.

When a tree is sawed lengthwise, the annual
rings form a pattern which is called the GRAIN
of the wood. A number of terms are used to
describe the various wood grain conditions. If
the cells of the wood which form the grain are
closely packed and small, the wood is said to
be FINE- GRAINED or CLOSE-GRAINED. Maple
and birch are excellent examples of this type.
If the cells are large, open, and porous, the
wood is COARSE-GRAINED or OPEN-GRAINED,
as in oak, walnut, and mahogany. When the
wood cells and fibers are comparatively straight
and parallel to Use trunk of the tree, the wood
is said to be STRAIGHT-GRAINED. If the grain
is crooked, slanting, or twisted, the wood is
said to be CROSS-GRAINED. The arrangement,
direction, size, and color of the wood cells
give the grain of each wood its chaiacteristic
appearance.

Trees differ in their rate of growth, and a
slow growing tree forms a denser pattern of
annual rings (and therefore a denser grain)
than a fast growing tree, Therefore, wood from
the slower growing trees is CLOSE - GRAINED,
and wood from the faster growing trees is
COARSE-GRAINED.

When a log is sawed lengthwise into boards,
each saw cut moves through the annual rings
at a certain angle. If the angle between the saw
out and the rings is 45° or greater, the board
is said to have a VERTICAL GRAIN. If the
angle is less than 45°, the board is said to
have a FLAT GRAIN. If the log is fed right on
through in the same position, without being
turned, the first few outside boards cut off will
be flat-grained; the boards cut from the center
section will be vertical-grained; and the last
few boards cut will be flat-grained. By turning
the log in various ways between saw cuts. a
log can be made to produce all vertical-grained
or all flat-grained lumber.

Vertical-grained wood resists wear better
than flat-grained wood of the same species. Most
flat-grained wood, on the other hand, will take
and hold a finish better than most vertical-
grained wood. The term TEXTURE should be
used to express the relative size of the pores
(cells) and fibers as "coarse" and "fine"
texture, "even" and "uneven" texture.

Colors of woods are difficult to describe
exactly in words. For example, FLESH-COLOR
is a soft shade about the color of the skin;
STRAW-COLOR is a light-yellow shade of buff;
CHERRY, the brown color of freshly cut cherry
wood; and CHESTNUT, the color of chestnuts.

CUTTING AND SEASONING
OF LUMBER

In a large lumber mill such as the ones in
the Pacific Northwest, logs are processed into
lumber with huge bandsaws and circular saws.
There are two methods of sawing the logs
SLASH-CUTTING and RIFT-CUTTING. (See fig.
6-8.) Slash-cutting is accomplished by a series
of parallel cuts. If hardwoods are being cut,
the process is known as PLAIN-SAWING. If
softwoods are being cut, the process is termed
FLAT-GRAIN SAWING.

68.34
Figure 6-3. Four methods of quarter-sawing.
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RIFT-CUT lumber is specially cut to provide
edge grain on both faces. If hardwood is so cut,
it is called QUARTER-SAWED lumber. If soft-
wood is so cut. it is called EDGE-GRAIN
LUMBER. When an entire log is slash-cut,
several boards from near the center of the
log will actually be rift-cut.

Slash-cut lumber is usually cheaper because
less time is required to slash-cut a log, and
there is less waste involved. Circular or oval
knots appearing in slash-cut boards affect the
strength and surface appearance much less than
do spiko knots, which may appear in rift-cut
boards. If, however, a log is sawed to produce
all slash-cut lumber, more boards will have
knots than if the log were all rift-cut.

In order to get as many edge-grained boards
as possible from a tree, the logs are first
sawed into quarters as shown in figure 6-4.
Then each quarter is sawed into planks by one
of the four methods shown in figure 6-4,
depending upon the use for which the lumber
is intended. RADIAL QUARTER-SAWING will
yield lumber that is stronger and will warp
less than that obtained by any other method of
sawing. The disadvantages, however, are that
this method is more costly, takes longer, and
is more wasteful of material.

After being sawed, lumber must be thoroughly
dried before it is suitable for most uses. The
old method and one still preferred for some
uses was merely to AIR-DRY the lumber in a
shed or in the open. This method requires
considerable time up to 7 years for some
hardwoods.

A faster method of drying is known as KILN-
DRYING. In this method the wood is placed in

\\V\%:-V1111311,01/.110)/1

68.35
Figure 6-4. Slash-cutting and rift-cutting.

a tight enclosure, called a KILN, where it is
treated with steam. The time required for drying
varies from two or three days to several weeks,
depending on the kind of wood, its dimensions,
and the methods of steaming. Often a combination
of drying methods is used; the wood is both
AIR-DRIED and KILN-DRIED.

Lumber is considered dry enough for most
uses when the moisture content has been reduced
to about 12 or 15 percent. For pattern use, the
moisture content is reduced to 5 or 6 percent.
As a Patternmaker, you will soon learn to
judge the dryness of a wood by its color, weight,
smell, feel, and by a visual examination of
shavings and chips.

Briefly, SEASONING of lumber is to remove
the moisture from the millions of large and
small cells of which wood is composed. Moisture
(water or sap) occurs in two separate forms;
FREE WATER and IMBIBED WATER. Free
water is the amount of moisture the individual
cells contain. Imbibed water is the moisture
absorbed by the cell walls, During drying or
seasoning, the free water in the individual cells
evaporates until a minimum amount of moisture
is left. The amount of moisture remaining is
called the FIBER-SATURATION POINT. The
fiber-saturation point varies from 25 to 30 per-
cent, but for general purposes is accepted as 30
percent, Below the fiber-saturation point, the
imbibed water is extracted from the porous
cell walls, causing a reduction of the thickness
of the walls.

Wood shrinks across the grain when the
moisture content is lowered below the fiber-
saturation point. SHRINKING and SWELLING of
the wood cells, caused by varying amounts of
moisture, change the size of the cells. There-
fore, the LOWERING or RAISING of the moisture
content causes lumber to shrink or swell.

The loss of moisture during seasoning causes
wood to be (1) harder, (2) stronger, (3) stiffer
and (4) lighter in weight.

LUMBER DEFECTS
AND BLEMISHES

A DEFECT in lumber is kany flaw which
tends to affect the strength, durability, or utility
value of the lumber. A BLEMISH is a flaw
which mars the appearance of the lumber only.
A blemish which affects the utility value of
the lumber (such as a blemish in wood intended
for fine furniture or cabinet work) is also a
defect.
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You will seldom find a 'piece of lumber that
does not have a defect or blemish of some
sort. Some, are the result of decay in the growing
tree while others are the result of insects,
worms, and fungi, both before and after the
lumber is cut. Other defects and blemishes are
the result of improper seasoning. Some of the
defects that may be present in freshly cut logs
are shown in figure 6 -5.

Probably the most common defects are knots,
which occur in almost all kinds of lumber and
are the result of branch growth. An INTER-
WOVEN KNOT is formed while the tree is
alive and its annual rings are interwoven with
those of the trunk of the tree. Usually an inter-
woven knot is solid enough and does not constitute
a serious defect. U by chance the limb dies,
the wood formed in the trunk of the tree makes
no further connection with the limb, but grows
around it. This, in turn, produces a DEAD
KNOT which may be loose enough to drop out
or which may be tight enough to become encased
so that it will hold its shape and position when
being sawed into lumber. A SPIKE KNOT,
which is a long thin knot, is the result of the
way the tree has been sawed.

Small solid knots are not objectionable in
most of the lumber that is used aboard ship,
but lumber having loose or large knots should
be cut into smaller pieces to eliminate these
spots in the lumber.

HEARTSHAKE is another lumber defect. This
is caused by the action of the wind during the
growing of the tree and causes a lengthwise
separation of the annual rings. WINDSHAKE is
another defect caused by the action of the wind
during the growth of the tree, which causes the
tree to be twisted.

A SHAKE is a separation along the length-
wise grain. It is not the same as a CHECK
because it already exists when the tree is cut,
while a check develops as the cut lumber dries.

SHRINKAGE WINDSHAKE HEARTSHAKE

29.116(68)
Figure 6-6. Defects in logs.

A CHECK is a crack or separation, usually
short, which is caused by the uneven shrinking
of the wood cells in seasoning. Small enclosed
spaces in the wood that are filled with sap or
pitch (resin) are called PITCH POCKETS.

WARP or WARPAGE is a lumber defect
in which the faces of a board or timber are
distorted from a true, flat, plane surface. Or
in other words, lumber is twisted, bowed, or
cupped. The varying amount of moisture in the
wood changes the diameter of the cells of the
wood, thereby causing the board to shrink or
swell in width as well as in thickness, but not in
length, as the cells or tubes lie in a lengthwise
direction. However, redwood is one of the woods
that will swell or shrink in all three directions.
Warping is always the result of swelling and
shrinking of the wood cells and may be under-
stood as meaning any change or variation from
a flat or plane surface of a board.

WANE is the condition of a board that is
not full or true to size one that lacks wood
along corners, edges, or eLds, or is partially
composed of bark.

BLUE STAIN is a blemish caused by a mold
fungus. It does not weaken the wood.

A BARK POCKET is a patch of bark over
which the tree has grown, and which it has
entirely or almost entirely enclosed.

CROSS-GRAINED lumber is lumber in which
the grain does not parallel the lengthwise axis
of the piece, or in which the grain spirals
around the lengthwise axis.

Some of the lumber defects that are caused
by improper seasoning of the lumber either by
air-drying or kiln-drying are called HONEY-
COMBING and CASE-HARDENING. Honeycomb-
ing is a series of checks or cracks either on
the surface or in the center of the lumber
caused by the stresses set up in the lumber
during the drying process. If these stresses are
not properly relieved, by adding moisture during
the seasoning of the lumber, honeycombing will
result in the dried lumber.

Case-hardening is the drying of the outside
layers of cells before the cells in the center
have an opportunity to dry. The surface of the
board, however, cannot shrink properly until
the center has shrunk, thus causing this surface
to become set when expanded. Then, when the
inner layers of cells become dry and are ready
to shrink, the wood is stressed.

149



PATTERNMAKER 3 & 2

CLASSIFICATION
OF LUMBER

Lumber is classified into three major use
categories as follows:

YARD LUMBER grades for general building
purposes where the piece is to be used as a
whole.

FACTORY AND SHOP LUMBER grades
where the lumber is to be cut-up in further
manufacture.

STRUCTURAL material of relatively large
dimension where the piece is to be used as a
whole and where strength factors are definitely
appraised independently of appearance factors.

An IMPORTANT EXCEPTION to this gen-
erally applicable classification according to uses
is that boxes and containers are produced largely
from the yard lumber grades rather than factory
grades, because for this purpose clear pieces
are not normally required.

LUMBER SIZES

Pieces of lumber which are less than 2
inches thick are usually called BOARDS. Pieces
which are from 2 to 5 inches thick are called
PLANKS or DIMENSION LUMBER. Heavier
pieces are called TIMBER.

Softwoods, particularly those used for con-
struction, are usually cut to standard thicknesses,
widths, and lengths as are those hardwoods to
be used for construction such as oak.

The DRESSED dimensions of a piece of
lumber are always smaller than the specified
size (NOMINAL SI ZE). The NOMINAL SIZE is
the actual size of the lumber in its rough form
as it comes from the saw mill.

DRESSED lumber is lumber which has been
surfaced (planed smooth) on two or all four
sides. Lumber which has been surfaced on two
sides is designated as S2S (surfaced on two sides);
lumber which has been surfaced on all four sides
is designated as S4S (surfaced four sides). Most
lumber used in general construction is S4S,
which most lumber used for patternmaking is
nominal size. The nominal sizes and the actual
dressed (S4S) dimensions of somyt common sizes
of boards follow:

Nominal size Dressed dimensions

1 x 6
1 x 8
1 x 10

26/32 x 6 5/8
25/32 x 7 1/2
25/32 x 9 1/2

The nominal sizes and the actual dressed
(S4S) dimensions of some common sizes of
dimension lumber are as follows:

Nominal size Dressed dimensions

2 x 2 1 6/8 x 1 5/8
2 x 4 1 6/8 x 3 6/8
2 x 6 1 5/8 x 5 5/8
2 x 8 1 5/8 x 1/2
2 x 10 1 5/8 x 9 1/2
2 x 12 1 5/8 x 11 1/2
4 x 4 3 6/8 x 3 5/8

All softwood framing lumber, and most other
softwood lumber, is cut to even-numbered-foot
lengths, such as 10 ft, 12 ft, 14 ft, and so on.
Hardwood is sometimes cut to odd-numbered
as well as even-numbered-foot lengths.

Hardwoods to be used for cabinets, furniture,
and other finish work are usually cut to specific
thicknesses (in graduations of 1/4 inch) and to
random widths and lengths (RWL) with a
specified minimum. For example, an order for
walnut would be written as 4/4 X 4 X 6 RWL.
This would tell the supplie: 'la you require
material 1 inch thich (4/4), at least 4 inches
wide and at least 6 feet long.

GRADING OF LUMBER

Lumber grades are based on the type and
extent of defects, size of the pieces, and seasoning
condition. Softwood lumber is graded for quality
in accordance with American Lumber Standards
set by the National Bureau of Standards for the
U. S. Department of Commerce. The major quality
grades, in descending order of quality, are
SELECT LUMBER, (usually used for interior
finish), and COMMON LUMBER, which is usually
used for house construction. Each of these
,grades has subdivisions in descending order
of quality as follows:

GRADE A lumber is select lumber which
is practically free of defects and blemishes.

GRADE B lumber is select lumber which
contains a few minor blemishes.

GRADE C lumber is finish item lumber which
contains more numerous and more significant
blemishes than grade B All of these- must be
capable of being easily and thoroughly concealed
with paint.

GRADE D lumber is finish item lumber which
contains more numerous and more significant
blemishes than grade C, but which is still
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capable of presenting a satisfactory appearance
when painted.

NO. 1 COMMON lumber is sound, tightknotted
stock, containing only a few minor defects. It
must be suitable for use as watertight lumber.

NO, 2 COMMON lumber contains a limited
number of significant defects, but no knot holes
or other serious defects. It must be suitable for
use as graintight lumber.

NO. 3 COMMON lumber contains a few defects
which are larger and coarser than those in No. 2
Common; occasional knot holes, for example.

NO. 4 COM VION lumber is low-quality
material, containing serious defects like knot
holes, checks, shakes, and decay.

NO. 6 COMMON is capable only of holding
together under ordinary handling.

If you buy MILL-RUN lumber, you take
everything that is sawed except the slabs (bark).

The grades of construction, standard, utility,
and economy are used in some associations.

All species are covered by the grading rules
and size standards of some association or grad-
ing bureau. In the case of softwood lumber,
standards are set by a regiorlal manufacturer's
association. In a few cases, a softwood species
growing in more than one region is graded under
rules of two different associations. There is
great advantage to the purchaser, whether large
or small, to buy according to these association
grades rather than to attempt to buy according
to his own individual specifications unless the
requirements are actually very unusual. Oc-
casionally a departure from the standard grade
provision is necessary to cover unusual require-
ments. This is best handled as an exception
to a standard grade rather than as an entirely
special grade.

Hardwoods are graded as firsts, seconds,
selects, Number 1 common, and Number 2
common. These grades denote only the amount
of clear, usable lumber in a particular piece
and are established by the National Hardwood
Manufacturers' Association.

The best way to buy hardwoods, for any use
other than construction, is by personal inspection.

MEASURING LUMBER
(BOARD MEASURE)

As applied to lumber measure, THICKNESS
is the dimension between the two face surfaces,
WIDTH is the dimension between two edges
which are parallel to the wood grain, and
LENGTH is always the dimension between two
ends and is parallel to the wood grain regardless
of the width dimension.

It is common practice to state the thickness
dimension first and in inches, the width second
(also in inches), and tne length last, but in feet.
Therefore, if you were told to get a 2 by 4 by
6, you would know to find a piece 2 inches thick
by 4 inches wide by 6 feet long.

The standard measure for lumber is a board
foot, usually abbreviated as bf or bd ft. A board
foot is simply 1/12 of a cubic foot. In other
words, a board measuring 1 inch thick, 12
inches wide, and 12 inches long would contain
1 bd ft. Figure 6-6 shows pieces of wood with
different measurements which all contain 1 bd
ft.

There are several formulas you may use to
determine bd ft. The one most commonly used
could be called the INCHES, INCHES, FEET
method. To use it, multiply the thickness (T)
in inches by the width (W) in inches by the
length (L) in feet and divide the product by
12. Therefore, the formula would be written as:

Too x Woo x LI
bd ft so 12

To explain further, let's suppose that you
want to determine the bd ft contained in a piece
measuring 1 inch thick by 8 inches wide by

151

EACH PIECE CONTAINS ONE SOW FOOT

Figure 6-6. The board foot.
68.36



PATTERNMAKER 3 & 2

9 feet long. Using the formula, you would work
it like this:

bd ft T" x W" x
12

bd " x8 "x9'
12

Since 1 multiplied by 8 equals 8 and 8
multiplied by 9 equals 72, your form ala would
now be reduced to 72 over 12:

bd ft 12 72
"1r
1

Now, all that is left to do is divide 12 into
72 which produces a quotient of 6. Therefore,
a board measuring 1 inch by 8 inches by 9 feet
will contain 6 bd ft.

When calculating board feet, a board less
than 1 inch thick is counted as 1 inch. A board
more than 1 inch thick is figured to the next
larger 1/4 Leh increment. Thus, a board having
a thickness of 1 1/8 inches would be calculated
as 1 1/4 inches.

Another point to remember is that board
measure is calculated on the basis of the
NOMINAL not the dressed dimension of the
lumber.,

Another common way of measuring lumber
is by lineal measure. Lineal measure is simply
the length measurement of a piece of lumber.
Therefore, if you had a 2 x 4 x 6, its lineal
measurement would be 6 feet.

This method is often used when buying
dimensioned lumber for construction purposes
such as 400 lineal feet of 2 x 4.

COMMON TYPES OF WOODS

Before proceeding with a discussion of wood
materials used by the patternmaker, it will be
helpful for you to review the sources, uses, and
characteristics of the various types of common
woods. This information is provided in table
6-1.

PATTERN LUMBER

(Woods that have a comparatively straight
close grain, that are easy to work and not
given to excessive warp or shrinkage are
selected for pattern work. The selection of
boards containing too much moisture or pitch

should always be avoided. Such boards are
difficult to work, do not retain a smooth surface,
and will warp or shrink excessively.

A board that contains an excess of pitch
may be detected by its unusual weight. When
the board is planed, large amounts of pitch
may readily be seen. Although excessive moist-
ure cannot always be detected by weight, it can
at all times be seen or felt while the board
is in the rough. Usually, however, excessive
moisture does not show until the board has
been crosscut or dressed.

Kinds of Pattern Lumber

The woods most frequently used in pattern
construction are redwood, white pine, ponderosa
pine, mahogany, and poplar.

REDWOOD is used extensively by pattern
shops on the west coast. This wood is inferior
to the bel*-.1, grades of sugar pine and white
pine, but for all-round practical use, it answers
the requirements of the average pattern job.
There is act abundant supply of redwood at
present, and the best grades are easily worked
and quite adaptable for large pattern construc-
tion. Redwood has one peculiar property posses-
sed by no other woodit shrinks in length as
well as in thickness and width. The name
"redwood" is derived from the reddish-brown
color of the wood itself. It is very closely
related to and bears a marked resemblance to
pine, but is much more durable when in contact
with the soil or when exposed to weather.

The redwood tree grows exclusively on the
west coast, being native to the coastal regions
of California and the southern coast of Oregon.
The age of these forest giants runs as high as
3000 to 4000 years; and they frequently grow
o a height of 350 feet, with a diameter of 25

feet or greater.
WHITE PINE is the best wood for making

simple patterns which will be used less than
30 times and are under 2 feet in length. This
wood is smooth, straight-grained, even-grained,
soft, lightweight, and although not very strong,
warps very little when properly seasoned. White
pine is quite easily shaped, is free from knots,
and is most economical. With sharp tools, you
can cut and carve white pine almost like soap,
since the annual growth rings are so fine as to
be almost invisible. White pine takes a good
coat of shellac or glue but may be easily chipped
or broken. Its color ranges from almost white
to light yellowish-brown, frequently tinged with
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Table 6-1. Common Woods

Type

Ash

Sources Uses Characteristics

Balsa . . .

Basswood .

Beech.. ..

Birch .. ..

Butternut .

East of Rockies

Ecuador

Eastern half of U.S..
with exception of
coastal regions.

East of Mississippi,
Southeastern
Canada.

East of Mississippi
River and North of
Gulf Coast States,
Southeast Canada,
Newfoundland.

Southern Canada,
Minnesota,
Eastern U. S. as
far south AS
Alabama and
Florida.

Oars, boat thwarts,
benches, gratings,
hammer handles,
cabinets, ball bats,
wagon construction
farm implements.

Rafts, food boxes, linings
of refrigerators, life
preservE;rs, loud
speakers, sound-proofing,
air-conditioning devices,
model airplane construc-
tion.

Low-grade furniture,
cheaply constructed
buildings, interior
finish, shelving,
drawers, boxes, drain-
boards, woodenware,
novelties, excelsior,
general millwork.

Cabinetwork, imitation
mahogany furniture,
wood dowels, capping,
boat trim, interior
finish, tool handles,
turnery, shoe lasts,
carving, flooring.

Cabinetwork, imitation
mahogany furniture,
wood dowels, capping,
boat trim, interior
finish, tool handles,
turnery, carving.

Toys, altars, woodenware,
millwork, interior trim,
furniture, boats, scien-
tific instruments.

153

Strong, heavy, hard, tough,
elastic, close straight
grain, shrinks very little,
takes excellent finish,
lasts well.

Lightest of all woods, very
soft, strong for its
weight, good heat insulat-
ing qualities, odorless.

Soft, very light, weak, brit-
tle, not durable, shrinks
considerably, inferior to
poplar, but very uniform,
works easily, takes
screws and nails well
and does not twist or
warp.

Similar to birch but not so
durable when exposed to
weather, shrinks and
checks considerably,
close grain, light or dark
red color.

Hard, durable, fine grain,
even texture, heavy, stiff,
strong, tough, takes high
polish, works easily,
forms excellent base for
white enamel finish, but
not durable when exposed.
Heartwood is light to dark
reddish brown in color.

Very much like walnut in
color but softer, not so
soft as white pine and bass-
wood, easy to work, coarse
grained, fairly strong.
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Type

Cypress. ...

Douglas Fir..

Elm

Hickory

Lignum
Vitae . . . .

Live Oak

Mahogany . . .

Table 6-1. Common Woods Continued

Sources

Maryland to Texas,
along Mississippi
valley to Illinois.

Pacific Coast,
British Columbia.

States east of
Colorado.

Arkansas, Tennes-
see, Ohio, Ken-
tucky.

Central America.

Southern Atlantic
and Gulf Coasts
of U.S., Oregon,
California.

Honduras, Mexico,
Central America,
Florida, West
Indies, Central
Africa, other
tropical sections.

Uses Characteristics

Small boat planking,
siding, shingles, sash,
doors, tanks, silos,
railway ties.

Patternmaking,
deck planking on large
ships, shores, strong-
backs, plugs, filling
pieces and bulkheads of
small boats, building
construction, dimension
timber, plywood.

Agricultural implements,
wheel-stock, boats, fur-
niture, crossties, posts,
poles.

Tools, handles, wagon
stock, hoops, baskets,
vehicles, wagon spokes.

Patternmaking,
block sheaves and pulleys
waterexposed shaft bear-
ings of small boats and
ships, tool handles,
small turned articles,
and mallet heads.

Implements, wagons, ship
building.

Patternmaking,
furniture, boats, decks,
fixtures, interior trim
in expensive homes,
musical instruments.

164

Many characteristics similar
to white cedar. Water re-
sistant qualities make it
excellent for use as boat
planking.

Excellent structural lumber,
strong, easy to work, clear
straight grained, soft, but
brittle. Heartwood is dur-
able in contact with groune,
best structural timber of
northwest.

Slippery, heavy, hard, tough,
durable, difficult to split,
not resistant to decay.

Very heavy, hard, stronger
and tougher than other
native woods, but checks,
shrinks, difficult to work,
subject to decay and insect
attack.

Dark greenish brown, unu-
sually hard, close grained,
very heavy. resinous, diff i-
cult to split and work, has
soapy feeling.

Very heavy, hard, tough,
strong, durable, difficult to
work, light brown or yellow
sap wood nearly white.

Brown to red color, one of
most useful of cabinet
woods, hard, durable, does
not split badly, open
grained, takes beautiful
finish when grain is filled
but checks, swells, shrinks,
warps slightly.
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Table 6-1. Common WoodsContinued

Type Sources Uses Characteristics

Maple . .

Norway
Pine

Philippine
Mahogany. .

Poplar . . ..

Red Cedar. .

Red Oak . . .

Redwood . .

All states east of
Colorado, South-
ern Canada.

States bordering
Great Lakes.

Philippine Islands

Virginias, Tennes-
see, Kentucky,
Mississippi
Valley.

East of Colorado
and north of
Florida.

Virginias, Tennes-
see, Arkansas,
Kentucky, Ohio,
Missouri, Mary-
land.

California.

Patternmaking,
excellent furniture, high-
grade floors, tool handles,
ship construction cross-
ties, counter tops,
bowling pins.

Dimension timber, masts,
spars, piling, interior
trim.

Patternmaking ,
Pleasure boats, medium-
grade furniture, interior
trim .

Patternmaking,
low-grade furniture
cheaply constructed
buildings, interior
finish, shelving, drawers,
boxes.

Mothproof chests, lining
for linen closets, sills,
and other uses similar
to white cedar.

Interior finish, furniture,
cabinets, millwork,
crossties when preserved.

Patternmaking,
general construction,
tanks, paneling.

155

Fine grained, grain often
curly or "Bird's Eyes,"
heavy, tough, hard, strong,
rather easy to work, but
not durable. Heartwood is
light brown, sap wood is
nearly white.

Light, fairly hard, strong,
not durable in contact with
ground.

Not a true mahogany,
shrinks, expands, splits,
warps, but available in
long, wide, clear boards.

Soft, cheap, obtainable in
wide boards, warps,
shrinks, rots easily, light,
brittle, weak, but works
easily and holds nails well,
fine-textured.

Very light, soft, weak, brit-
tle, low shrinkage, great
durability, fragrant scent,
generally knotty, beautiful
when finished in natural
color, easily worked.

Tends to warp, coarse grain,
does not last well when ex-
posed to weather, porous,
easily impregnated
with preservative, heavy,
tough, strong.

Inferior to yellow pine and
fir in strength, shrinks and
splits little, extremely
soft, light, straight grained,
very durable, exceptionally
decay resistant.
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Table 6-1. Common WoodsContinued

Type Sources Uses Characteristics

Spruce . . . .

Sugar
Pine .

Teak

Walnut .

White
Cedar. . . .

White Oak . .

New York, New
England, West
Virginia, Central
Canada, Great
Lakes States,
Idaho, Washington,
Oregon.

California, Oregon.

India, Burma,
Siam, Java.

Eastern half of U.S.
except Southern
Atlantic and Gulf
Coasts, some in
New Mexico,
Arizona,
California.

Eastern Coast of
U. S. , and around
Great Lakes.

Virginias, Tennes-
see, Arkansas,
Kentucky, Ohio,
Missouri, Mary-
land, Indiana.

Railway ties, resonance
wood, piles, airplanes,
oars, masts, spars,
baskets.

Same as white pine.

Deck planking, shaft
logs for small boats.

Expensive furniture, cab-
inets, interior woodwork,
gun stocks, tool handles,
airplane propellers, fine
boats, musical instru-
ments.

Boat planking, railroad
ties, shingles, siding,
posts, poles.

Boat and ship stems, stern-
posts, knees, sheer
strakes, fenders, cap-
ping, transoms, shaft
logs, framing for build-
ings, strong furniture,
tool handles, crossties,
agricultural implements,
fence posts.

156

Light, soft, low strength,
fair durability, close grain,
yellowish, sap wood
indistinct.

Very light, soft, resembles
white pine.

Light brown colbr strong,
easily worked, durable,
resistant to damage by
moisture.

Fine cabinet wood, coarse
grained but takes beautiful
finish when pores closed
with woodfiller, medium
weight, hard, strong,
easily worked, dark choco-
late color, does not warp or
check, brittle.

Soft, light weight, close
grained, exceptionally dur-.
able when exposed to water,
not strong enough for build-
ing construction, brittle,
low shrinkage, fragment,
generally knotty.

Heavy, hard, strong, medium
coarse grain, tough, dense,
most durable of hardwoods,
elastic, rather easy to work,
but shrinks and likely to
check. Light brownish
grey in color with reddish
tinge, medullary rays are
large and outstanding and
present beautiful figures
when quarter sawed, re-
ceives high polish.
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Table 6-1. Common Woods Continued

Type

White
Pine

Yellow
Pine

Sources Uses Characteristics

Minnesota, Wiscon-
sin, Maine, Mich-
igan, Idaho,
Montana, Wash-
ington, Oregon,
California

Virginia to Texas.

Patterns, any interior job
or exterior job that does-
n't require maximum
strength, window sash,
interior trim, millwork,
cabinets, cornices.

Most important lumber for
heavy construction and
exterior work, keelsons,
risings, filling pieces,
clamps, floors, bulkheads
of small boats, shores,
wedges, plugs, strong-
backs, staging, joists,
posts, piling, ties, paving
blocks.

red. This tree grows extensively throughout the
Great Lakes region, west of Michigan. In the
West, the name "white pine" is usually applied
to the native sugar pine which grows extensively
in northern California and southern Oregon.

PONDEROSA PINE, otten mistakenly called
"sugar pine" in the pattern shops of the west
coast, is a comparatively recent introduction
to the pattern shop. In appearance, it closely
resembles the sugar pines but is not as satis-
factory for pattern work. It usually warps easily,
is subject to considerable shrinkage, and is

more "pitchy" than sugar pines.
MAHOGANY, a wood that is more durable

and harder than pine, is used when 30 to 100
castings are required. It is also used for patterns
having long or thin sections or projections. This
wood is strong, coarse-grained, and warps very
little. It is soft enough to cut and nail easily,
yet it is hard enough to stand a lot of abuse.
Mahogany is often very difficult to plane or
carve in the direction of the grain, but it is
excellent for cross-grain carving, and will out-

last pine three to one.

Several varieties of mahogany are used
Spanish mahogany from the West Indies;

Easy to work, fine grain,
free of knots, takes excel-
lent fiRish, durable when
exposed to water, expands
when wet, shrinks when dry,
soft, white, nails without
splitting, not very strong,
straight grained.

Hard, strong, heartwood is
durable in the ground, grain
varies, heavy, tough, red-
dish brown in color, resin-
ous, medullary rays well
marked.

103.127.5

Hondures mahogany (also called baywood) and
Mexican mahogany from Central America and
Mexico; and Senegal mahogany from Africa.
It is rather difficult to distinguish one variety
from the others. In color, mahogany is usually
reddish-brown but often varies to lighter and
mottled shades.

POPLAR is used in many pattern shops.
It is soft, very close-grained and straight-
grained. However, because of brittleness and
excessive shrinkage, as well as a marked
tendency toward warping, the uses to which it
may be put are limited. Poplar ranges in color
from off -white to light yellow. Some species
vary from light to dark green. The dark green
variety often turns brown after extended ox-
posuie. The poplar tree grows extensively in
the eastern part of the United States from the
Gulf of Mexico north into southern Canada.

The Patternmaker occasionally works with
certain other woods, of which a brief descripon
follows.

MAPLE, principally eastern maple, is very
hard and is difficult to work. It varies in color

from light brown to white. Oregon maple (western
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soft maple) is close-grained and reddish-brown
in color. This wood is used chiefly in the manu-
facture of furniture and tool handles. Oregon
maple is also used for certain parts of patterns
that are designed to endure heavy wear and tear
or that are weak due to their shape or size.
In addition, maple will odlast pine eight to one.

WHITE ASH is open-grained, elastic, and
hard. In color it is light brown with the sapwood
almost white.

BLACK WALNUT grows in the eastern part
of the United States. It is very durable and
very hard. When used as pattern material, black
walnut will outlast pine five to one.

HICKORY is the strongest, heaviest, and
toughest of all American woods. It is also quite
flexible. The color of hickory varies from brown
to white.

OREGON PINE (Douglas fir) is of two
varieties, red and yellow. The yellow is the
more valuable of the two, being hard, strong,
and very durablebut difficult to work. Oregon
pine is used in the pattern shop occasionally
in the production of equipment.

CHERRY is brown in color, close-grained,
and very hard but warps excessively. Cherry
is a little difficult to carve, bat when used for
small patterns will outlast pine five to one.

LIGNUM VITAE is excessively heavy, hard,
and resinous. Its color varies from light yellow
to dark greenish-brown at times almost black.
This wood is native to tropical America, New
South Wales, and New Zealand.

TEAK is heavy, strong, and oily. Its color
is quite dark. It does not shrink, crack, or
warp. Teak comes from East India.

Care and Storage
of Pattern Lumber

Lumber is just as much a patternmaking
tool as is the saw or plane and should be
considered as such. Proper maintenance must
be given to lumber. Pattern lumber tr.ast be
properly stowed and cared for to prevent it
from becoming water-soaked, rotted, or warped.
The beet way to stow lumber is by stacking
' . on end in racks built for the purpose so that
tr can circulate all around the boards; this

circulation dries the wood evenly and reduces
warping.

Sufficient room can seldom be sound aboard
ship for storing lumber on end; so it must be
stored in the next best manner. The generally
accepted method is to store the kamber hori-
zontally. The lumber is separated by sizes;

all the 1-inch pieces together, the 1 1,'2-inch
pieces together, etc. In placing the lunaber in
racks, small strips or battens about 1 inch
thick should be placed across the boards about
6 feet apart to separate the boards and form
a space for the air to circulate around them.
Circulation of air is important. A board that
has been dressed and then laid on one of its
wide surfaces, without full air circulation, will
usually warp toward the exposed surface because
the air absorbs the moisture from the exposed
sullen', but not from the underneath surface.

Usually, there is an overheed lumber storage
rack in the pattern shop, but because of space
limitations aboard a repair ship or tender, the
bulk of the lumber is stowed in other parts of
the ship. The use of overhead storage racks on
the port and starboard weatherdeck passageways
is a common practice.

A careful record of the pattern lumber used
and on hand should be maintained. If possible,
at least 3 months' supply should be on hand
at all times.

MANUFACTURED
WOOD PRODUCTS

LAMINATED lumber is made up of layers of
wood that are glued face-to-face with the grain
of adjacent layers parallel (fig. 6-7). The
component parts which are glued together to
make laminated lumber may be thin sliced
sheets of veneer or they may be sawed boards.
Plywood frequently alternates grain to give the
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Figure 6-7. Laminated lumber.
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member the quality of nonsplitting and stability.
(Note: Plywood alternates grain each ply and
laminated wood never alternates grain.)

One advantage of laminated wood is that it
can be made up of unlimited thicknesses, Also.
by staggering the ends of individual layers it is
possible to secure members that are much
longer than solid timbers.

PLYWOOD (fig. 6-8) is made up of thin layers
of wood that are glued face-to-face at right angles
to one another. It always has an odd number of
plies veneered stock for use in the manufacture
of furniture usually having five layers. A thick
layer, called the core, is in the center. The
:ayers glued on with their grain running across
that of the faces are called cross bands. The
surface layers or faces are placed so that their
grain runs parallel to the long direction of the
panel.

Ordinarily 1/4-in. and 1/6-in. plywood (fir)
has only 3 plies. Thicker plywood may have as
many as 15 plies but always an odd number.
The standard size of plywood sheets is 4 feet
wide by 6 to 12 feet long, though smaller and
larger sizes are available. Because of the cross-
grain effect, it is almost impossible to split
plywood, and shrinking and swelling are
negligible.

The development of special glues and other
bonding materials has made possible a type of
plywood highly resistant to water. It was widely
used during World War II, and is still used
extensively in the Navy.

There are two basic grades of plywood
interior and exterior. Most plywood produced is
of the interior type. Although it can stand an
occasional wetting and subsequent normal drying
without losing its original form and strength,

29.117
Figure 6 -8. Plywood.
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interior plywood is unreliable in wet places.
Exterior type plywood will retain its original
form and strength when repeatedly wet and
dried and otherwise subjected to the elements.
It is suitable for permanent exterior use. Most
plywood is branded or stamped, on the edge
with the symbol "EXT." or "INTERIOR" (INT).
In addition, other markings carrying more
complete information are stamped on the back
of the plywood sheet. A typical Douglas fir
back stamp, with all symbols explained, is shown
in figure 6-9.

Plywood is graded by the quality of the face
veneers, with A being the best and D the poorest
(fig. 6-9). The grading is based upon the num-
ber of defects such as knotholes, pitch pockets,
and splits, and the presence of streaks, die-
colorations, sapwood, shims, and patches in
each face of the panel. Plywood also comes
with resin-impregnated fiber faces which provide
better painting surfaces and better wearing
qualities.

Because of the conditions of its manufacture,
plywood can generally be assumed to be dry when
received. It should therefore be stored in a
closed shed. For long storage a heated storage
area is recommended.

Plywood is commonly solid piled. Under
humid conditions, there is some tendency for
edges to swell because of exposed end grain,
and this swelling causes dishing, especially
in the upper panels of high piles. Dishing can
be minimized by placing strips in the pile at
intervals. Enough strips should be used so that
plywood will not bend between them. Dry 1-inch
strips are suitable for supporting plywood.

FIBERBOARD conforming to Federal.Specifi-
cation LLL-F-321 is made of wood or vegetable
fiber, and is compressed to form sheets or
boards. It is available in sizes from 1/2 in,
to 1 in. in thickness, 2 to 4 ft in width, and 8 ft
to 12 ft in length. The boards are comparatively
soft and provide good insulation and sound
absorbing qualities. Fiberboard usually has a
rough surface, but is also available with finished
surfaces.

HARDBOARD is known by several trade
names. They are all made by separating and
treating wood fibers which are then subjected to
heat and heavy pressure. Hardboard is available,
in thickness from 1/16 in. to 5/16 in. The most
common size of sheet is 4 ftx 8 ft but other sizes
are available. The finish may be obtained in a
plain smooth surface or in any of a number of
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Figure 6-9. Typical Douglas fir back stamp.

.glossy finishes, some of which imitate tile or
stone. Structural type hardboard used in the Navy
comforms to Federal Specification LLL-H-35.
Where moisture resistance or extra strength is
required, Class B treated hardboard should be
used, otherwise Class A is satisfactory.

METAL

When a great number of castings is desired,
or when a wood pattern might be too weak,
metal patterns are the answer. Because metal
patterns are more expensive than wood patterns,
they are seldom used in Navy installations; that
is, except for high production work. Moreover,
metal patterns are heavy in weight, which, of
course, limits their size. However, since metal
patterns have less tendency to warp, the amount
of time consumed in making repairs can be
held to a minimum.

The chief advantages of metal patterns are
that they are far stronger and do not warp or
shrink like a wood pattern does. Because they
have no coarse grains as in woodmetal
patterns tend to produce better finishes on

r-
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castings. They are extremely durable, showing
little evidence of wear due to the abrasive action
of the molding sand even after many months of
use. Metal patterns are ideal to use for the
fine lines and details that are required of some
types of castings. The cost of a casting produced
from a metal pattern is considerably less than
that of a casting made from a wooden pattern.
Metal patterns can be made to conform to the
working drawing to within 0.001 inch, thus
ensuring a more accurate casting. In addition,
less draft is required, better draws from a
mold can be made, and greater detail pickup
can be obtained, thus resulting in a more sound
casting.

TYPES OF METALS
USED FOR PATTERNS

The Patternmaker decides the kind of metal
or alloy to be used in making a metal pattern,
considering the size of the pattern and the degree
of sharpness required of the small details.
The metals usually preferred for patterns are
aluminum, brass, and iron. Aluminum is used
most because it is the lightest of the three
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metals and does not tend to rust or corrode. In
metal pattern work of a general nature, aluminum
may be alloyed with zinc for both hardness
and lightness. At times, the aluminum pattern
may be supplemented by steel, brass, or white
metal sections.

Brass and iron are used when added strength
is needed, and at times when aluminum is
not available. Brass patterns draw well from
molding sands and are used frequently for small
objects. When iron is used, the casting is filed,
ground, machined to size and shape, and then
allowed to rust slightly. After a sufficient amount
of rust has accumulated, the casting is sanded
and given a light coat of shellac. The shellac
fills up the pores in the metal, making a smooth
surface.

FORMS OF METAL PATTERNS

Metal patterns are made in a variety of forms.
The most common form is known as a HAND
PATTERN which will make one casting per mold.
This type of pattern is used when a limited
number of castings is required and the general
pattern shape and dimensions do not permit the
use of a wooden pattern to hold the proper
tolerances. An example of this type of pattern
is the deck drain pattern or a. special type of
hatch dog.

When a large number of castings is required,
it is possible to increase the production of
these castings by metal patterns that are soldered
to a common runner. This type of pattern, called
a MULTIPLE or GATED PATTERN, isconnected
to the runner by means of a gate. In most cases,
the patterns, runner, and gates can be mounted
on a matchboard or mounted in a pattern frame
that can be rammed up the same as a match-
board. Figure 6-10 illustrates metal patterns
mounted on metal match plates, The gates of
this type of pattern are known as BRANCH
GATES or PATTERN CONNECTIONS. The best
example of this type of pattern is the hatch
dog and eye-bolt.

When the parting line of a gate of patterns
is irregular, so that it is impossible to mount the
patterns on a flat plate (matchboaxd), they can be
mounted on a PATTERN FRAME that fits the
flask pins, The gate of patterns can be suspended
on the frame by the use of STOP-OFFS. Upon
withdrawal of the pattern frame from the drag
half of the mold, the stop-off portion of the
mold cavity is filled in with sand prior to

I I MI la ft.
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Figure 6 -10. Metal patterns mounted on metal

match plates.

closing. Another way is to take the gate of
patterns to the foundry and have an aluminum
plate cast with the patterns, runners and gates
attached. This type of match plate is called a
CAST-IN PLATE.

Casting a cast-in plate in a shipboard foundry
will require that the Patternmaker and the
Molder work together in deciding the proper
parting line of the gate of patterns. The thickness
of the pattern plate will be determined by the
size of the job.

Core boxes of intricate design that are to be
used over and over again are often made of
metal. The parting surface of the core box will
withstand harder use if the box is made of metal.
Certain types of core boxes would require a
master pattern to be made and a casting made
from it. The casting is finished by machining
or hand scraping. When the core box is of a
simple design, it may be made from solid stock
by milling, drilling, or a turning process, or
by a combination of these processes.

Aluminum is used in core boxes when the
shape is such that it would be difficult to machine
and must be hand scraped to size.
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Brass and bronze are used in core boxes
when there are small narrow pockets and thin
walls and where the sides of these partitions
must be very smooth so that the core can be
removed without breaking.

GYPSUM CEMENT

During World War II, there was a great
demand for quick tooling methods requiring
speed, accuracy, and extensive contouring of
patterns. As a result, the use of gypsum cement
molds increased in use. Presently, wood and
metal are still the most commonly used pattern
materials aboard repair ships and tenders. Inas-
much as modern foundry requirements and
procedures have stimulated research for new
pattern materials, gypsum cements can be
applied to many common job shop practices
used by the Navy Patternmaker.

The skilled Patternmaker should have a
knowledge of some of the techniques of working
with plaster and some of the specialized appli-
cations of gypsum cement to patternmaking. Some
of the advantages of using gypsum cement
patterns are that gypsum cement:

1. Saves time in patternmaking because cer-
tain patterns may be more easily and quickly
made of plaster than of wood.

2. Retains the accuracy and stability of di-
mensions under varying temperature and humidity
conditions.

3. Is adaptable to complex contours and in-
tersections. to irregular and intricate shapes,
to multiple patterns mounted on match plates,
and to producing sectional dies from full-scale
mockups.

4. Requires a comparatively small investment
in tools and shop equipment. The inventory
problem is simplified because a pattern of
almost any size can be made from gypsum
cement. The cement comes in powder form and
is stored in bags.

5. Has the advantage of dependable uniformity,
provided the mixing is done in strict accordance
with the manufacturer's instructions.

6. May be used to help check the accuracy
of inaccessible parts of wood patterns and core
boxes. For example, to check the metal thickness
of a particular pattern, pour gypsum cement into
each half of the core box. Place the two halves

together face to face, in the process known as
"booking" or "squeezing out." Finally, check
or compare the dimensions of the plaster core
against those on the layout board.

The use of plaster in patternmaking does
have LIMITATIONS such as:

1. It is a messy process. You may overcome
this disadvantage by developing neat work habits,
by using clean utensils and equipment, and by
following the manufacturer's instructions for
mixing.

2. It produces a fragile pattern. You may
partially overcome this disadvantage by using
any one or a combination of the following
materials for reinforcement: hemp, sisal, manila
rope, wire mesh burlap, muslin, wood (as
exterior reinforcements only), and metal inserts.

3. It is not applicable to all types of patterns.
However, your experience on the job will help
you to decide when to use plaster in pattern-
making.

4. It requires absolute accuracy in tasking the
templates and in attaching them to the screeding
sled.

PLASTER PATTERNS

The most commonly known form of gypsum
cement used in pattern construction is plaster
of paris. This is only one of many forms of
gypsum; in recent years a great variety of
plaster types have been formulated which have
special properties that meet the varying re-
quirements of patternmaking.

Plaster is made from a finely ground, cal-
cined material mineral (gypsum rock) processed
to oLtain a uniform product in powdered form.
The calcination (dehydration) and additional
processes are carefully controlled to produce
a gypsum cement having predetermined ranges
of strength, hardness, period of plasticity, and
expansion. Super strength plasters are referred
to as alpha gypsum cements or better known to
the patternmaker as hard plasters.

CHARACTERISTICS
OF PLASTER

In working with plaster you should be familiar
with these three characteristics (1) COMPRESS-
IVE STRENGTH, (2) PERIOD OF PLASTICITY,
and (3) VOLUME AND TEMPERATURE
CHANGES. Compressive strength is the term
used to define the amount of pressure per
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square inch required to break down the hardened
plaster. The period of plasticity is the period
of time between the thickening and setting stages
of the plaster-water mixture. Volume and tem-
perature changes take place in the hardening
and setting stages and have a definite effect
on the strength of the pattern. In general, these
characteristics are somewhat controlled by the
addition of extra water to the powdered gypsum.

Compressive Strength

High compressive strength of a plaster pattern
gives breakage resistance. The increase of water
in the plaster-water ratio results in a decrease
in compressive strength of the finished pattern.
As varying degrees of the normal consistency
(amount of water required to mix 100 parts of
the plaster by weight to a standard fluidity) of
the slurry are required in forming patterns
from plaster, it is essential that you follow
the manufacturer's recommendations for the
plaster-water ratio.

Chemically, 18 pounds of fresh water will
convert 100 pounds of dry plaster to a solid
mass. But, more water is necessary to produce
a free-flowing slurry, so that excess water is
always present in a freshly set mass of plaster.

Period Of Plasticity

To form a fluid, pourable, free-flowing
mass known as a "slurry", the water and dry
ingredients should be mixed in the correct
proportions. This slurry first thickens, then
hardens, and finally sets. It is during these
stages that the plastic mass can be formed by
hand, screened with templates, and/or reinforced
with fiber hemp, sisal, wire mesh, burlap, or
muslin.

With experience you will learn to distinguish
between the different stages which occur during
the period of plasticity and to utilize each stage
to the best advantage. For example, using the
mixture in the controlled flow stage eliminates
the need for molds or "boxing-in" which will
be necessary when the mixture is used in the
free-flowing stage. In addition, different areas
of the pattern will require different degrees of
plasticity, because as the plastic period
progresses, the cement gains strength or body,
and can be built up to the contours required.
The period of plasticity ranges from 15 to 30
minutes, depending upon the type of gypsum
cement used.

Volume and Temperature
Changes

As the free-flowing slurry changes to a solid
mass, certain volume and temperature changes
occur. These changes begin at the initial setting
and consist of setting expansion and thermal
expansion.

The setting expansion, which is very slight
but positive and permanent, enables the cement
to free itself from the surfaces on which it
sets. This expansion, characteristicof all gypsum
cements, makes gypsum cement best for re-
producing fine detail. The pattern or model
should be removed at the setting expansion stage
because the plaster will be at its high point of
expansion, which makes withdrawal easier.

In addition to the normal setting expansion,
there is a slight temporary expansion caused
by the heat generated by crystallization. This
temporary expansion, called the thermal ex-
pansion, recedes with the loss of heat.

SHOP EQUIPMENT

In making gypsum cement patterns and models,
it is necessary to have the proper equipment.
Shop equipment for working gypsum is compara-
tively inexpensive. The size and type of work
being done will determine the equipment needed.
Special handtools are essentail to produce a
good job. A large percentage of these tools can
be manufactured in the shop.

A list of basic shop equipment and supplies
needed for plaster work includes:

Flat scrapersone smooth edge, one saw-
toothed edge.

Kidney scrapersone smooth edge, one saw-
toothed edge. Figure 6-11 shows scrapers of
various shapes and sizes that may be used.

Spatulas various sizes.
Handsawslarge tooth and wide-set.
Hand planes size to be determined by job.
Carving toolsas needed.
Files for forming metal templates.
Workbenches The entire work surface

should be flat and made of plate glass, marble,
slate, or treated hardwood. The size of the
job being made governs the height of the bench.
The main body of the work should be in as
convenient a position as possible. Iron benches
can be used, but the rust resulting from moisture
must be removed constantly. Granite surface
plates are highly recommended as table tops.
The plates, available in many sizes (large and
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23.134X
Figure 6-11. Tools used in shaping gypsum cement.

small), provides an extremely accurate working
surface which is usually within 0.0001-inch. All
benches should have straight edges so that more
accurate work can be performed.

Waterfor mixing of cement and washing
hands frequently. Hot and cold water should be
available for temperature control.

Mixing equipmentpower or hand operated,
depending on the amount of plaster work produced.

Mixing bowls semispherical in shape, made
of spun or stamped stainless steel, copper, or
brass, or made of rubber. They should be flexible
enough to be sprung to remove any set cement.
Rubber mixing bowls are most useful for this
purpose.

Sealers shellac and lacquers for sealing the
pores of plaster surfaces.

Scales for weighing water and dry in-
gredients in codrolled mixing.

Reinforcing Materials

Various materials are used to add strength
and reinforce gypsum cement. The type of

material to be used is governed by the nature
of the work. Metal products used are pipe,
solid rod, hardware cloth, expanded metal, and
wire mesh. Fiber products also used are burlap,
muslin, tree moss, long fiber, hemp, and sisal.

Reinforcing materials are added during the
period of plasticity and become a part of the
plaster body.

Wood should never be embedded in the plaster
for reinforcement. The moisture of the plaster
will cause swelling of the wood and result in
distortion or cracking of the plaster form.

Parting Compounds

To allow for releasing the plaster from the
pattern and for movement of the plastic (free-
flowing) mass, a separating or parting agent
must be used. A properly selected sealer-
parting agent combination prevents moisture
from the fluid mass penetrating into the pores
of the pattern or mold, and allows free move-
ment of the set plaster as it expands during
the setting and thermal expansion.
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A satisfactory parting agent meets the fol-
lowing requirements:

1. It prevents adhesion of the plaster to the
pattern or mold.

2. It protects and lubricates the surfaces of
the pattern.

3. It spreads evenly to provide a uniform
film.

4. It must not react to the surface of the
pattern or the plaster.

The most commonly used separating or
parting agents used in plaster work are:

1. STEARINE (one part stearic acid to four
parts of kerosene). The stearic acid should be
melted and the kerosene added while stirring
constantly; stir until a uniform mixture is ob-
tained. NOTE: When adding kerosene to stearic
acid be sure to take proper precautions for
any fire hazard. Stearine is the most commonly
used parting agent and is the only parting agent
used with glue-based molds.

2. Petroleum jelly (Vaseline) may be used
if two parts of kerosene are blended with one
part of jelly. The blending should be done very
carefully. The release is applied as a thin coat,
and should be brushed out well.

3. Spirits of Camphor diluted in alcohol may
be used for fine detail reproduction. The evapo-
ration of the alcohol leaves a uniform deposit
of camphor on the surface of the mold.

Parting qualities of any of the parting com-
pounds can be improved by adding 1/2 cup of
powdered mica to each quart of release.

MIXING AND POURING
OF PLASTER

You must follow the manufacturer's instruc-
tions in preparing the mixture because the
ratio of water to cement used affects the density,
hardness, strength, and resistance to abrasion
of the set gypsum cement. Weigh the cement and
measure or weigh the water carefully to make
certain that you are using the proper proportions
of each constituent. (Remember that one pint of
water weighs approximately one pound.) Tepid
water at about 70°- 75° F is most satisfactory.
Cold water (below 50° F) results in hard casts
which may crack or prove difficult to carve.
Warm water (160° 180° F) accelerates the setting
time but may result in soft casts which are

likely to crumble. It is important to use clean
mixing utensils and equipment because the
presence of old, set cement and foreign materials
will accelerate the "setting" of the new mix and
will change its entire period of plasticity..

The gypsum cement should be sifted dr sprink-
led evenly over the surface of the water. /Avoid
dropping handfuls of the cement into the water
at one time as this will result in the formation
of lumps. Allow the plaster to soak undisturbed
from 2 to 5 minutes depending upon the quantity
being mixed, so that it may absorb the water
thoroughly. Stir the mixture gently below the
surface to reduce drawing air and trapping
bubbles in the mixture. Continue stirring until
the mixture is free from lumps and of the proper
consistency. A proper consistency has a smooth
texture and the appearance of heavy cream. When
using a mechanical mixer, time the soaking
and mixing operations very carefully becagee
excessive stirring accelerates the setting of
the cement.

Once the mixture is made, water or dry
ingredients must not be added. Adding water will
cause the mixture to become chalky and will
result in reduced strength; addingdry ingredients
will cause lumping and will change the period of
plasticity. Excessive mixing and overworking
should be avoided as it accelerates the set of
gypsum cement.

To make a female mold from a master
pattern, manufacture a frame large enough to
accommodate the pattern. Secure the pattern
up( a flat surface to prevent the pattern from
float, ; or shifting during the setting of the
plaster. Run a small fillet between the pattern
and the molding board to prevent plaster from
running under the pattern.

Place the frame around the pattern and
secure to the molding surface. Seal the joint
between the frame and the molding surface to
prevent any plaster run-out.

Coat the inside of the frame, the molding
surfaces of the bottom board, and the pattern
surfaces with a parting agent, brush out well to
prevent the plaster from sticking to the pattern.
Pour the plaster carefully, from one side of the
mold only, in order to avoid air pockets. Vibrat-
ing or jarring the mold helps to release any
trapped air. To avoid seams in the cast, additional
pourings should be made before the preceding
mixture begins to set. CAUTION: If gypsum
cement is allowed to set undisturbed, it will
form a glazed surface. This glazed surface must
be roughed with a wire brush before additional
cement is applied to ensure a good bond.
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The meld is allowed to stand until the plaster
begins to set. CAUTION: Difficulty may arise
in drawing the pattern from the mold if removal
is delayed until after the high point of the setting
expansion has been reached, because thermal
expansion will set in. To prevent this difficulty,
remove the pattern from the mold as soon as
the plaster is hard enough, and before it has
had time to develop heat. A good practice for
checking the right time for removal of the
pattern is to touch the plaster. When no plaster
film sticks to the finger, it is time to take the
mold apart and remove the pattern. After removal
of the pattern, the mold is left undisturbed for
the complete setting and cooling. Molds are
usually constructed so that they can be dis-
assembled quickly when it is time to remove the
cast. After drying, the plaster mold is sanded
lightly and finished with several coats of thin
shellac.

The reproduction of the master pattern is
accomplished by (1) pouring plaster into the
female mold, (2) striking off the excess at the
parting line, (3) allowing the plaster to set, and
(4) removing the mold from the pattern using
air or a bridge arrangement.

STORAGE OF GYPSUM
CEMENT PATTERNS

Although gypsum cement patterns are dimen-
sionally stable under high or low humidity con-
ditions, they should not be subjected to freezing
temperature as long as free water is present.

Patterns which are not properly supported in
storage may become distorted. If models or
patterns are mounted upon materials such as
plywood which are affected by moisture, the
patterns are subject to the movement of the base.

Flat slabs or patterns should be stored by
standing them on end. If patterns must be stored
lying flat, the surface upon which they rest must
be flat. If the surface is not flat, wedges or blocks
must be used at intervals to provide sufficient
support. The shape and weight of the pattern
determines the type of support necessary to
prevent distortion.

Any sheltered, unheated or heated space which
protects the pattern from weather is satisfactory
for permanent storage, provided the patterns are
placed so they cannot directly absorb water.
Temperatures in the storage room should not
exceed 125° F.

PLASTER APPLICATIONS

There are four principal methods of making
gypsum cement patterns: run work, turned work,
box or rod turning, and built-up work. Each
method is suitable for a particular type of
pattern. The Patternmaker must determine which
method is most suitable.

Run Work

The run work method is useful for screeding
straight molding, square, rectangular, or oblique
shapes. The straight molding job used here as an
example of run work is shown in figure 6-12.
Note that figure 6-12 shows a double-faced mold.
A first run will be required to serve as a
follow board or support for the pattern. You will
need two templates: one to give you the contour
of the face, and the other to give you the contour
of the back of the pattern. The template is a
piece of metal which is cut to the shape indicated
on the blueprint and layout. It is then used as
a tool to screed or form the gypst-m cement to
the desired shape or contour. The thickness or
gage of the metal used in the template depends
upon the hardness of the cement to be used.
For the hardest types of cement, 16 gage is
usable; for the softest, 27 gage, half-hard brass
is satisfactory. Figure 6-13 shows the template
for the back of the pattern mounted in place on
the screeding sled. The function of the sled is to
support, guide, and steady the template as it is
pushed through the plastic mass.

Grease the top of the workbench so that the
sled will slide smoothly without chattering. The
workbench should be flat, have straight edges,
and be made of marble, slate, polished plate
glass, or treated hardwood. Mix the gypsum
cement and allow it to "cream" slightly before
placing it on the bench in front of the template.
Anchor the mix to the bench by allowing some
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of the cement to lap over the end of the bench
or by pressing modeling clay against the cement
at a number of points. Push the sled and template
firmly through the mass of the cement, in one
direction only, as shown in figure 6-14. CAUTION:
Do not build up too great a mass for the template
to remove at any one time. It is better to build
up gradually by applying additional mixes of
°erne.... 4 small quantities after each screeding.
After you have pushed the sled and template
through once, lift the sled, clean the template, and
scrape off the waste cement. Add more cement
to fill in the voids. Return the sled to the starting
position on the bench and repeat the screeding.
Repeat this procedure as often as necessary
until the resulting pattern for the follow board
is perfectly smooth. Shellac the follow board

23.136X
Figure 6-13. The screeding sled setup for run

work.

Eit4SK
4' v -

,

sir.

and apply a parting compound over the shellac.
Change the template and continue the screeding
as shown in figure 6-15. Use as many mixes as
the size of the job requires.

The completed pattern can be cut to lengths
carved, mitred, or further fabricated in any
desired manner. One word of caution: Gypsum
cement should never be carved unless it is moist.
If it is dry, it will chip ahead of the carving tool
making it impossible to produce a smooth cut.
The completed pattern and follow board when
shellacked and baked dry are ready for use.
(See fig. 6-16.)

fty

so.

23.138X
Figure 8-15. Spreading a new mix on the follow

board.

22,139X

23.137X Figure 6-16. The completed pattern and follow

Figure 6-14. Screeding the mix. board.
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Circular Turning

Circular turning is a method of producing
circular shapes such as wheels and disks, by
rotating the template around a center post. In
order to produce a perfectly symmetrical pattern,
you must use great care and accuracy in scribing
the centerline on the template and in centering
the pivot plate. To produce the pattern from the
drawing shown in figure 6-17, four templates are
required, one for each part of the pattern.

Place a center post in a hole in the work-
bench. The post should have a running thread
with a double nut for height adjustment. The
pivot point at the top must be absolutely rigid
and should be set higher than the top of the pattern
to be made, so that the template will clear the

ir
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23.140X
Figure 6-17. The drawing of a circular shaped

pattern.
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pattern as it is rotated around the pivot point.
Cover the threads with oil or grease to avoid
getting cement into them. Refer to figure 6-18
which shows the equipment required. It is possible
to work to accuracies of 0.005 inch provided
the equipment and templates have been accurately
made.

Follow the same procedure in mixing and
handling the gypsum cement for circular turning
as was described for run work. Figures 6-19
through 6-24 illustrate steps in the turning of
circular shapes. (See fig. 6-17.)

.00

.

23.142X
Figure 6-19. Rotating the sled with firm and

even pressure in the screeding of part 1 of
the pattern.

23.141X 23.143X
Figure 6-18. Equ!pment required for circular Figure 6-20.Applying the parting compound and

turning. changing the template.
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23.144X
Figure 6-21. Spreading additional cement for

the screeding of part 2 of the pattern. (The
thin gap between the top of part 1 and the
template indicates that part 2 is a thin disk.)

mar#-Ambar.c

la&

23.145X
Figure 6-22. Adding additional cement for the

screeding of part 3, the spacer ring.

Box or Rod Turning

This is a method of producing cylindrical or
similar shapes by forming the cement on a rod
which is rotated horizontally on journals in a
box. These shapes require moreexperience in the
handling of plaster or gypsum cement than the
other methods. As you rotate the rod, the excess
cement is screeded by means of a stationary
template attached to the box. Note that in this
method you rotate the work rather than the
template. You must align the centerline of the
turning rod perfectly with the centerline on the
template. This is a difficult part of the job

23.146X
Figure 6-23.Changing the template and spread-
ing additional cement for the screeding of part 4.

:NW

23.147X
Figure 6-24. Separating they parts of the com-

pleted pattern. (Fill in the holes in the center
with cement and carve away the excess.)

because the true center on the template must be
cut away to allow for the radius of the turning
rod. Fasten the template board to furring strips
on the inside of the box so that the template will
be at the centerline height of the pattern. (See
fig. 6 -25.)

The turning rod is wrapped with twine to
provide a bond between the rod and the oement.
Fasten a metal bar crosswise on the rod to
provide additional support for the cement at the
greatest diameter of the pattern.
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Mix a small batch of cement at below normal
consistency and spread it along the rod forming
a body to which subsequent mixes may be applied.
Do not apply too much cement at one time
because its own weight will cause it to sag away
from the rod and break the bond between the
cement and the rod. If this happens, you will
not be able to rotate the pattern and you will
have to start over again. Figure 6-26 shows the
build-up of the main body of the pattern. Note
that none of this first mix touches the template.

Apply additional mixes at normal consistency
and screed the pattern by rotating the work
slowly. This fills in the voids and gives the
final finish to the pattern. (See fig. 6-27.)

;AK

23.148X
Figure 6-25. Preparing the equipment for box

or rod turning.
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Remove the finished pattern from the box
by lifting it out with the rod as shown in figure
6-28. Remove the rod by twisting and pulling.
The pattern now is ready for final shellacking.

Built-Up Work

This method is useful in making patterns in
which irregular shapes or combinations of shapes
are required. The sections of the composite
pattern may be glued together with burnt shellac.
Building-up is also useful in making patterns
which require the aid of lofting templates. The

23.150X
Figure 6-27. Applying an additional mix to fill
in the voids and to give final finish to the pattern.

23.149X 23.161X
Figure 6-26. Preparing a firm foundation for Figure 6-28. The finished pattern is removed

subsequent mixes, from the box by lifting it out with the rod.
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lofting templates are set up in their specified
positions and are held in place with the aid of
jigs. The saps cis spaces between the templates
can be spanned by using fiber reinforced gypsum
cement slabs. See figures 6-29 through 6-34
which illustrate some of the basic steps in
built-up work.

Spread fiber strands of uncarded long hemp
over the bench and apply a layer of gypsum
cement, pressing it firmly into the fiber as
shown in figure 6-29. Saw the reinforced slab
into sections of appropriate size for the lob.
(See fig. 6 -30.) Bend and tack the slabs into place
with gypsum cement to s?an the gap and to fit
between the templates. Dip fiber bats into the

A,

.'

cement mix and spread them evenly over the
slabs to reinforce the pattern. (see fig. 6-31.)
Build up the body to within 1/4 inch of the
finished template line and spread a finish layer
of cement over the surface with a spatula. (See
fig. 6-32,) Avoid any wavy surfaces by scraping
in various directions with the saw - toothed edge
of a scraper as shown in figure 6-33. Finish
the pattern by planing, carving, sandpapering,
and shellacking. (See fig. 6-34.) If additional
support is needed, wire mesh, expanded metal,
and metal rods can be used. When using wire,
wrap it with dipped hemp to furnish a mechanical
bond between the wire and the gypsum cement.
If wood-bar reinforcements are used as supports

A

23.154X
23.152X Figure 6-31.Reinforcing the slabs with fiber

Figure 6-29. Preparing a fiber reinforced gyp- bats dipped into cement.
sum cement

Aar.71.1.11

23.133X
Figure 6-30.Cutting the reinforced cement slab

to size.
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23.156X
Figure 6-32.Applying the finish layer of cement.
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23.166X
Figure 6-33. Using a scraper to smooth the

finish layer of cement.

23.167X
Figure 6 -34. --The final finish is produced by
planing, carving, sandpapering, and shellacking.

for the finished pattern, tie them onto the work
with hemp fiber, after the setting expansion has
taken place, to avoid warpage. Kiln dried wood
is recommended, and should never be imbedded
in the cement because moisture will swell the
wood and distort the pattern. All wood reinforce-
ments should be 6iven at least three coats of
lacquer before being tied to the pattern. Spraying
with mAten metal has also been found to be
successful in overcoming the fragility of paste
patterns.

Metal reinforcing rods, pipes or tubing may be
bolted or welded together to form a structural
support. Steel pipes and tubing that have been
bent and welded should be normalized to relieve

-
strains or stress that may occur during fabri-
cation. When metal reinforcements are used,
they are tied to the pattern with fiber :vamp
bats impregnated with gypsum cement or plaster.

EXT-.NSION CEMENTS FOR
SHRINKAGE COMPENSATION

The use of high expansion cements for the
fabrication of expander: patterns has been
recognized as one of the outstanding tooling
developments for gypsum plasters in recent
years.

Medium high expansion cement is a material
compounded to give a uniform expansion of a
pattern in all directions, equal to the shrinkage
of zinc alloys and aluminum. While it is possible
to achieve expansion values from 1/16 to1/4 inch
per foci. by the quantity of water used in the mix,
the mount of expansion can be controlled by
the proper water to plaster ratio. Medium high
expansion cements are somewhat stronger and
harder than regular high expansion cements and
are colored yellow for identification.

High expansion cement is compounded to give
the highest setting expansion of any gypsum
cement. The expansion characteristics are util-
ized to expand the pattern uniformly over and
beyond the limits that may be obtained with
medium high expansion cements.

Under the proper conditions, double shrinkage
may be compensated for in one single expansion.
The expansion values of high expansion cements
are controlled in the same manner as are those
of the medium high expansion cements. However,
the ranges are from 1/8 to 6/16 inch per foot.

Expansion cements can be used to provide
for shrinkage allowance when the dimensions
of the original pattern need to be increased
uniformly, or where the same pattern is to be
used for different metals. A cement such as this
has many uses, especially in metal patternmaking.
For example, wood matchboards canbe converted
to cast pressure pl Ates where extra shrinkage
allowance is needed. Conventional fchindr
patterns can be converted to metal equipment
for shell molding. Core driers can be produced
directly from a pie,ster cast of the core. A
number of other uses of expansion gypsums will

come apparent after one becomes familiar
with the characteristics of these cements.

Pattern Conversion

When converting a pattern firm one shrinkage
allowance to another, expansic cements can be
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useful. For example, a globe valve pattern with
a bronze shrinkage allowance can lx: easily
and economically changed to a steel shrinkage
allowance.

Prepare the surface of the pattern for easy
removal from the plaster, making sure that no
indentations on the pattern surface will create
back-draft. The pattern must be sealed with
several coats of a very thin lacquer. After the
lacquer has tnoroughly dried, a thin film of stearic
acid-kerosene mixture should be applied and
brushed out. All excess parting agents must
be removed to ensure a hard face, free from
separation runs.

Because the amount of expansion is controlled
by the water - gypsum ratio, the water and dry
ingredients must be accurately weighed to obtain
the desired degree of expansion.

The accompanying chart may be used for
calculating the proper water-gypsum ratio and
the Ma Xii1111111 expansion for high and medium high
expansion cements. Maximum results of
expansion for either cement can be obtained
when clean fresh water, at a temperature of
70° to 75° F, is used.

Gypsum Water Maximum Expansion
(lbs) (lbs) (inches per foot)

Medium High Expansion Gypsum Cement

100 48-50 0.062
100 45-47 0.127
100 43-44 0.171
100 41-42 0.203

High Expansion Gypsum Cement

100 50-52 0.125
100 47-49 0.187
100 44-46 0.250

The expansion values listed can be increased
10-15 percent by using clean fresh water at 120°
to 130° F.

After the cement and water have been weighed
the cement should be mixed in the same manner
as ordinary plaster of parts. During the mixing
you will note that the mixture will be on the
heavy side and will not flow freely. This is a

characteristic of all expansion cements; when
expansion cements are poured they must be
forced or tamped into place over the pattern
or mold surface.

The initial set will occur shortly. afar the
mixture loses its water gloss. Careful attention
should be given to the progress of the setting
action to determine when the cast has set. As
soon as practicable, remove the plaster cast
from the pattern so that unhindered expansion
may take place.

Place the cast on a well lubricated flat sur-
face to permit free movement of the plaster mass
as it grows or expands. The flat surface on which
the cast is plac..,,d should be at room t 'mperature
so that chilling of the cast will not retard the
calculated expansion of the cast.

The cast is allowed to expand undisturbed for
2 or 3 hours. During the growth or expansion
period, the cast will shed water, froth, and have
a sour smell. This is a natural reaction of all
expansion cements.

Medium high expansion cements have been
found to be dimensionally stable for 3 or 4 days
after the desired expansion has been achieved.
Since high expansion cements expand for several
hours (maximum expansion after 10 or 12 hours),
it is necessary to check the growth during the
period. If the cast reaches the desired size
before the maximum expansion has been achieved,
a cast of low expansion cement can be made
from the expanded mold to produce a pattern
with the exact dimensions required.

Core Driers

Core driers are required to support cores
during baking. The procedure used to produce
a core drier pattern using expansion cements is

to cast a core of high expansion cement. The
core is cast from the core box, removed, and
allowed to expand. A mixture of low expansion
plaster is poured over the expanded core and

allowed to set. The cast is removed and the
drier pattern is cut away on the back side to
a uniform thickness to reduceweight. All surfaces
are sealed and lacquered as required for
reproduction of metal core driers in the foundry.

PLASTICS

Plastics cover a wide field, but in pattern-
making, the thermosetting phenolic resinplastics
have become most popular. These resins change
from a liquid to a solid state when heated.
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This chemical action (polymer!zation) hardens
the plastic into an insoluble mass. The principal
advantages of these resins are that (1) they
are cast without pressure, and (2) patterns
made from them have stability and unusual
natural finish characteristics. Plastic patterns
also are easily cleaned and easily removed from
a sand mold. When a large production job calls
for more than one pattern, plastic patterns are
often less costly then wood or metal patterns.
Figure 6-35 illustrates a plastic pattern mounted
on a matchboard for machine molding.

Resins available for pattern work usually
contain the ingredients needed for polymeri-
zation. Phenol and formaldehyde, or phenol and
aldehyde, are the principal elements in the
commercial blends. When these elements are
mixed with a "catalyst" or "accelerator," a
chemical action is set up and polymerization
results. This accelerator is generally a soda-
and-acid solution. The resins, in liquid form,
must be kept in closed containers at a temperature
lower than 50° F. But, before being mixed for
pouring, they must be brought to room tempera-
ture (70° F to 75° F).

Each manufacturer of resin supplies the
accelerator, together with adequate instructions
for mixing the ingredients. The mixture is
stirred until all ingredients are thoroughly
blended. A uniform color is the best indicator
of a complete mix.

The mixture is stirred slowly to minimize
the formation of air bubbles. If bubbles are
trapped below the surface of the mixture, allow

23.162X
Figure 6-35. Plastic pattern mounted on a

match board.
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it to stand undisturbed from 15 to 30 minutes.
The surface of the mixture should then be
skimmed several times prior to pouring.

The mold is generally made from plaster,
wood, plastic, or acid-resisting metals. If a
non-acid proof metal is used. the mold should
be coated with shellac, lacquer, or Tygon paint.
The mold surfaces that will contact the liquid
resins must be finished, smoothed, and coated
with a protective parting agent. Bayberry wax
and beeswax (both diluted with gasoline) are
suitable parting agents. The meld is heated
before the resins are poured into it.

The resins are poured slowly so that air
pockets do not form. The resins are then allowed
to set at room temperature. This setting is the
first part of the curing cycle. Light castings are
allowed to set for about 4 hours; heavier castings
for a longer period. After the resins become
opaque and gelatinous, they are baked until
hard and solid.

Baking is the second part of the curing
cycle. Electric or gas ovens with controllable
heat adjustments are required. The baking
temperature is important and must be watched
closely. Most castings are baked at 140° F
for 4 hours. Some of the heavier castings re-
quire as much as 8 to 10 hours for baking.

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 7.

CHEEK The section or sections of a flask
lying between the drag and cope.

COURSESAlternate layers or thicknesses of
material in a pattern, each individual layer
being a course.

CUTTING SHELLAC Dissolving shellac in
alcohol.

DRAW PLATEMetal plate set into a pattern
to facilitate its drawing.

DRAW SCREWA rod which can be screwed
into a pattern to act as a handle for drawing
the pattern from the mold.

DRAW SPIKE A pointed rod of iron or steel
driven into a wooden pattern to act as a handle
for withdrawing the pattern from the sand in the
mold.
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FAN CONSTRUCTION Form of stepped-up
work with the grain of the wood radiating from
a common center.

FLASK Frame consisting of two or mdre
sections made of wood or metal and used to
enclose the sand in which a mold is formed.

FLASK PINS Pins and corresponding sockets
on the joint of the sections of a flask to permit
their separation and registering.

FOLLOW BOARD Board having its surface
formed so as to support a pattern and to create
its parting line in the mold.

LAGGING The fastening of narrow lags or
strips about headers or batten foundations that
are so shaped as to follow a line parallel to
the finished contour of the pattern.

LAMINATED CONSTRUCTION Building up in
a series of courses a pattern structure of strips
or segments with the alternating end joints
occurring midway between those of the preceding
cource.

LOOSE PIECE Part of a pattern so attached
that it remains in the mold and is drawn into
and then from a large mold cavity after the
body of the pattern is drawn.

LUG An earlike projection that is frequently
split as the clamping lug on the tallstock of a
lathe.

MOLDING BOARD Board reinforced with
cleats having a true surface upon which a pattern
is laid for the ramming of the drag.

ONE PIECE PATTERN Solid pattern but not
necessarily made from one piece of stock.

RAPPING Jarring a pattern to loosen it from
the sand preparatory to drawing it out of the
sand.

SKELTON PATTERN A framework represent-
ing the interior and exterior form and the metal
thickneca of the required casting.

SOLID PATTERN --A one piece pattern (not
parted),

SPLINE A thin strip inserted into a groove to
strengthen the work or to reinforce a joint.

SPOT FACING Truing, by machining, a cir-
cular bearing surface about a hold in a casting.
It does not affect a pattern.

SPOT GLUING Securing two pieces of material
together, temporarily, with a spot of glue.

STEPPED-UPSo called because the material,
when it is fastened together, resembles steps.

176



CHAPTER 7

PATTERN CONSTRUCTION TECHNIQUES

In pattern construction, it is normally nec-
essary to build up the pattern from several
layers of wood. In doing this, you must use the
correct gluing, reinforcing, and aligning tech-
niques to secure strong pattern joints. After
the pattern is completed "in the rough," it must
be sanded smooth as a preparatory measure
prior to finishing the pattern. Fillets are added
to the pattern and are used to eliminate sharp
corners on the pattern which tend to cause
structural weakness in the resulting mold and
casting.

Pattern letters, figures, and insignia are
placed on patterns to aid in identifying the
pattern parts. In addition, the pattern is finished
with various colors of a pattern covering called
a color code. The pattern covering protects
the surface of the pattern from the moisture
of the molding sand. The color coded parts of
the pattern aid the Patternmaker and Molder in
assembling the completed pattern and mold.
Rapping and lifting plates are used by the Molder
in withdrawing the pattern from the sand mold.

This chapter discusses a few of the im-
portant techinques that are applicable in general
to all patternmaking work. Specific procedures
for making various kinds of patterns are dis-
cussed in later chapters of this training manual.

WOOD JOINERY

One of the most important skills that must be
mastered by the Patternmaker is the art of
WOOD JOINERY. Wood joinery, in patternmaking,
could be described as the art of combining two
or more pieces of material into one for the
purpose of increasing dimensions, strength, or
for the indexing of one piece to another such
as the seat for a loose piece of a pattern.

Wood joinery includes the manufacture of
wood joints and the various devices used to
fasten them together such as glue, nails, etc.

A pattern is only as strong as its weakest
point which can be the joints if they are made
incorrectly or the wrong type of joint is used
for a particular application. On the other hand,
the pattern joint will be the strongest point of
the pattern if the joint is made properly, the
correct Joint used, and a suitable glue is applied
properly.

Usually, only the simple wood joints are
used in patternmaking. These include the BUTT
and LAP Joints. However, there are times when
a particular job will require the use of a more
complex joint. You will also be called upon to
make wooden flasks for the foundry, cabinets,
picture frames, shipping boxes, etc. Therefore,
you as a Patternmaker, must have a broad
knowledge of wood joinery.

STANDARD JOINTS

There are four simple standard methods of
joining wood stock edge to edge. These are the
PLAIN BUTT, DOWEL, TONGUE AND GROVE,
and SPLINED EDGE joints shown in figure 7-1.

The plain butt Joint is the simplest method
and the one most often used by the Patternmaker.

The dowel Joint is usually a plain butt joint
that has been given greater strength (reinforced)
by the use of wooden dowels. Dowels can also
be used to reinforce other joints such as the
miter and half lap.

A rule to remember when choosing a dowel
for edge to edge application is; the dowel diameter
should be equal to 1/3 of the thickness of the
edges to be joined. Thus, 3/4 inch thick stock
would :equire a 1/4 inch dowel.

The tongue and grove joint is a stronger
joint than the butt or dowel and is most often
used in wood flooring.

The splined edge joint is a variation of the
tongue and groove and is easier to make as
two matching grooves and a separate spline are
used in the place of the tongue. There is very
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PLAIN BUTT

90° PLAIN BUTT

DOWELED TONGUE & GROOVE

Figure 7-1. Edge joints. 68.37

little strength gained if the grain direction of
the spline is parallel to the edges as shown
in figure 7-1. However, a great deal of strength
is gained when the grain direction of the spline
is perpendicular to the edges.

As a general rule, the thickness ryf both the
spline and tongue should be 1/3 of the material
thickness. The width of the spline should be
equal to twice the material thickness while the
tongue width should be the same as the thickness.

177

Thus, 3/4 inch stock would require a spline
measuring 1/4 inch thick and 1 1/2 inch wide
or a tongue measuring 1/4 inch thick by 3/4
inch wide.

Lap Joints

Lap joints are shown in figure 7-2. The
PLAIN LAP joint is used extensively in all
kinds of construction, particularly that which
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CROSS HALF-LAP

END BUTT HALF-LAP

CORNER HALF-LAP

68.38.2
Figure 7-2. Lap joints.

does not require a good appearance. The END
BUTT HALF-LAP is not as strong as the
plain lap joint, but has a better appearance
and requires less space. The CORNER HAL F-
LAP is used for traming of buildings, boxes,
and cabinets, and in many other types of
construction. The CROSS LAP joint can be used
in patternmalcing to join the spokes of a wheel
pattern.

The SCARF JOINT is a special type of lap
joint that is. used for joining heavy timbers,
(See figure 7-3.) For repair purposes, a slope
of 1 in 12 is recommended, that is, the cut
should slant through the length of a piece a
distance of 12 inches for every inch of depth
or width.

The end butt joint with FISHPLATES (fig. 7-4)
is useful for joining short members to make
long pieces. It has the disadvantage of being
bulky. The fishplates can be secured with nails,
screws, rivets, or bolts.

Dado, Gain, and Rabbet Joints

The PLAIN DADO JOINT (fig. 7-5) is often
used in making cabinets and shelves. It is usually

KEYED SCARF JOINT PLAIN SCARF JOINT

103.7
Figure 7-3. Typical scarf joints.

68.38.1
Figure 7-4. End butt joint with fishplates.

DADO JOINT GAIIJ JOINT

103.9
Figure 7-5, Dt,do and gain joints.

...tut with a dado head (cutters) which fits the
mandrel of a circular power saw, but you can
also make this cut by hand with a backsaw or
tenon saw, and finish it with chisels. This joint
may be glued, nailed, or fastered with screws.

The GAIN JOINT (fig. 7-5) id a special kind
of dado which is used when amearance is an
important factor. Dadoes and gains are both
out across the grain of the wood.

RABBET JOINTS are often used in conjunction
with dadoes. They may be out either across
the grain or with the grain ig. 7 -6). Rabbets
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can be made with the circular saw dada he-xl
or blade or, to a more limited extent, with the
Jointer. They can also be cut by hand with
special rabbeting planes.

Dovetail Joints

Cabinetmakers and other skilled wood crafts-
men make frequent use of the dovetail joint in
their work. (See figure 7-7.) It is most often
used in joinirg the corners of furniture drawers
and chests since its locking features make it an
excellent Joint for this type of construction.
Such Joints are usually made with blind dove-
tails, so that they are not visible from the
outside of the furniture.

103.10
Figure 7-6. Rabbet Joints.

THROUGH SINGLE
DOVETAIL

DOVETAIL JOINT

BLIND SINGLE
DOVETAIL THROUGH HALF-LAP

SINGLE DOVETAIL

Figure 7-7. Dovetail Joints.
103.11
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Single dovetails and half dovetails are used
for heavier construction where locking joints
are required. The single dovetail (DOVETATL
KEY) is also an excellent joint to use when
attaching a loose piece to the body of a pattern.

Dovetails must be laid out, with accuracy.
Use a sharp knife edge for marking, rather
than a pencil, and a T-bevel to lay out the
angles. You can saw out with a tenon saw and
finish the work with chisels.

Box Corner and
Miter Joints

Many commercial packing boxes and chests
are made with the box corner joint. (See fig.
7-8.) This joint can be used to advantage in
making filing cabinets and boxes, It can easily
be out on the circular saw with special dado
heads.

The miter joint (fig. 7-9), usually two 454
angle outs, is used for picture frames, boxes,
screen doors, panel frames, and other frames.
Miter Joints are fastened with nails, brads,
corrugated fasteners, clamp nails, and are
usually glued.

The spline miter is an improvement over
the plain miter and can be cut quickly with the
circular saw and dado head. Other miters re-
quire more work and are usually used only on
special Jobs.,

Coping Joints

When matching inside corner Joints between
molding trim members, this joint shapes the
end of the abutting member to fit the face of the
other member. Figure 7-10 shows a coping
Joint.

Figure 7-8. Box corner joint.
103.12



PATTERNMAKER 3 & 2

PLAIN MITER JOINT

MITER WITH
SPLINE HALF LAP MITER

Figure 7-9. Miter joints.

133.87.4
Figure 7-10. A coping joint.

Mortise id Tenon Joints

Good furniture usually is made with a num-
ber of mortise and tenon joints. (See fig. 7-11.)
This joint is assembled with glue and is much
stronger than it appears to be. It can be wedged,
split, or offset. You can't go wrong with mortise
and tenon joints if they are properly designed

68.38.3

and accurately fitted. The slip tenon joint can
be used the same way as a miter or corner
half-lap joint. It should be glued together and
can be further secured with dowels, screws,
bolts, or nails.

LAYING OUT AND
CUTTII "G JOINTS

The basic skill in woodworking is the art
of joining pieces of wood to form tight, strong,
well-made joints. The two pieces which are to
be joired together are called MEMBERS, and
the two major steps in joining are (1) the layout
of the joints on the ends, edges, or faces of
the mer-')ers, and (11 the cutting of the members
to the required shapes for joining.

Cutting joints accurately requires that the
stock used be square and true. This is usually
done with machines, using a surface planer to
obtain uniform thickness, a jointer for truing
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MORTISED PIECE

BLIND MORTISE AND TENON JOINT

SLIP TENON JOINT

TENONED
PIECE

Figure 7-11. Mortise-and-tenon and slip-tenon joints.

the edges, Lid a table or overarm saw for
squaring the ends and cutting to the desired
length. In a great many cases however, you will
be required to perform such operations by hand.
Therefore, planing and squaring a small board
to dimensions is what you might call the first
lesson in woodworking. Like a good many other
things it looks easy until you try it. The six
major steps in the process are illustrated and
described in figure 7-12; practice them until
you can get a smooth, square board with a
minimum of planing.

The chief instruments for laying out joints
are: the try, miter, or combination square; the
T-bevel; the marking or mortising gage; and a
scratch awl, sharp pencil, or knife for scoring
lines. For cutting joints by hand, the backsa,
dovetail saw, coping saw, and various chisels
and planes are essential.

All the joints which have been mentioned in
this chapter can be cut either by hand or by
machine. Whatever the method used, and what-
ever the type of joint, always remember the

103.13

following important rule: To ensure a tight
joint, always cut on the WASTE SIDE of the
line, never on the line itself. Preliminary
grooving ON THE WASTE SIDE of the line
with a knife or chisel will help a backsaw to
get a smooth start.

Half-Lap Joints

For half-lap joints the members to be joined
are usually of the same thickness, and the
following discussion is based on the assumption
that this is the case. The method of laying out
and cutting an end-butt half-lap or a corner
half-lap is as follows: For the end butt half-lap,
measure off the desired amount of lap from the
end of each member and square a line all the
way around at this point. For the corner half-lap,
measure off the width of a member from the
end of each member and square a line all the
way around. These lines are called SHOULDER
lines.
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t. WORK FACE

PLANE ONE BROAD SURFACE SMOOTH AND STRAIGHT. TEST IT
CROSSW:SF, LENOTHwISE, AND FROM CORNER TO CORNER MARK
THE WORK FACE X.

2. WORK EDGE

PLANE ONE EDGE SMOOTH, STRAIGHT AND SQUARE TO THE WORK
FACE TEST IT FROM THE WORK FACE MARK THE WORK EDGE X.

3. WORK END

PLANE ONE END SMOOTH AND SQUARE TEST IT FROM THE WORK
FACE AND WORK EDGE MARK THE WORK END X

4. SECOND END

MEASURE LENGTH AND SCRIBE AROUND THE STOCK A LINE
SQUARE TO THE WORK EDGE AND WORK FACE SO/ OFF EXCESS
STOCK NEAR THE LINE AND PLANE SMOOTH TO THE SCRIBED
LINE. TEST THE SECOND END FROM BOTH THE WORK FACE AND
THE WORK EDGE

5. SECOND EDGE

FROM THE WORK EDGE GAUGE A LINE FOR WIDTH ON BM
FACES PLANF SMOOTH, STRAIGHT, SQUARE AND TO THE
GAUGE LINE TEST THE SECOND EDGE FROM THE WORK FACE

6. SECOND FACE

FROM THE WORK FACE GAUGE A LINE FOR TH1LKNESS AROUND
THE STOCK PLANE THE STOCK TO THE GAUGE LINE TEST
THE SECOND FACE AS THE WORK FACE IS TESTED.

Figure 7-12. Planing and squaring to dimensions.

Next, select the best wide surface of each
member and place it upward. Call this surface
the FACE of the member, call the opposite
surface the BACK. Mark the face of each member
plainly. Next set the marking gage to one-half
the thickness and score a line (called the CHEEK
LINE) on the edges and end of each member,
from the shoulder line on one edge to the
shoulder line on the opposite edge. Be sure and
gage the cheek line from the face of each member.
The reason for this is that, if you gage from
both faces, the faces will come flush after the
joint is cut, regardless of whether or not the
gage was set to exactly one-half the thickness.
Too much waste out from one member will be
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offset by less cut from the other. On the other
hand, if you gage from the face of one member
and the back of the other, and the gage happens
to be set to more or less than one-half the
thickness, the faces will be out of flush by
the amount of the error. A rule of first
importance for half-lap joints, then is: Always
gage the cheek line from the face of the member.

Next make the SHOULDER CUTS by sawing
along the shoulder lino down to the waste side
of the cheek line, sawing from the BACK a the
lapping member and from the FACE of the
lapped member. Clamp a piece of wood along
the starting groove to steady the saw.
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The CHEEK CUTS (sometimes called tha
SIDE CUTS) are made next, along the WASTE
SIDE of the cheek line. Clamp the member in
the vise so that it leans diagonally AWAY from
you. With the member in this position you can
see the end and the upper edge, and when the
saw reaches the shoulder line on the upper edge,
it will still be some distance away from the
shoulder line on the edge you can't see. Reverse
the member in the vise, and saw exactly to the
shoulder line on that edge.

Completing the shoulder cut will detach the
waste. When both shoulder cuts have been made,
the members should fit together with faces, ends,
and edges flush, or near enough to it to be
brought flush by a little paring with the chisel.

A cross half-lap joint between members of
equal cross-section dimensions is laid out and
cut as follows: If the members are of the same
length and they are to lap each other at the
mid-point, place them face-to-face with ends
flush, and square a center line all the way
around. To test the accuracy of the center
calculation, turn one of the members end-for-end.
If the center lines still meet, the center location
is correct.

Put the best wide surfaces up and mark each
face plainly. Lay el one-half the width of a
member on either side of the center lines and
square shoulder lines all the way around. Again
check for accuracy by turning a member end-
for-end. If the shoulder lines meet, the layout
is accurate. Next, gage one-half the thickness
of a member FROM THE FACE OF EACH
MEMBER and score check lines on the edges,
between the shoulder lines. Next make the
shoulder cuts., sawing from the BACK of the
lapping member and from the FACE of the lapped
member.

In this type of joint the waste must be
chiseled out rather than sawed out. To make
the work of chiseling easier, remove as much
stock as possible with the saw first, by sawing
a series of kerfs between the shoulder cuts.
In chiseling, make a roughing cut first, down
to just above the cheek line, with a firmer
chisel and mallet, holding the chisel bevel down.
Then finish off the bottom with a paring chisel,
holding the chisel bevel up. For fine work,
smooth the bottom with a router Mane if you
have one.

End half-lap joints may be cut with the
circular saw by the method described later for
cutting tenons. Equipped with the dado head,
the circular saw can be used to cut both end
half-lap -recesses and cross half-lap recesses.
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For an end half-lap recess, proceed as fol-
lows: set the dado head to protrude above the
table a distance equal to one-half the thickness
of a member, and adjust the fence so that
when the end of the member bears against it
the dado head will cut on the waste side of the
shoulder line. Place the member against the
universal gage, set at 90° to the fence, and make
the shoulder cut. Then take out the remaining
waste by making as many recuts as necessary,
each made with the member moved a little less
than the thickness of the dado head to the left.

For a cross half-lap recess, proceed as
follows: set the dado head so that its height
above the table is equal to one-half the thickness
(-4' a member, and adjust the ripping fence so
that when the end of the member is placed
against it the dado head will cut on the waste
side of the left-hand shoulder line. Make the
shoulder cut. Then reeerse the piece end for
end and repeat the same procedure to make the
opposite shoulder cut. Take out the remaining
waste between the shoulder cuts by making
as many recuts as necessary, each made with
the member moved a little less than the thick-
ness of the dado head to the left.

Grooved Joints

A GROOVE is a three-sided recess running
with the grain. A similar recess running across
the grain is called a DADO. A groove or dado
which does not extend all the way across the
piece is called a STOPPED GROOVE or a
STOPPED DADO. A stopped dado is also known
as a GAIN (fig. 7-5).

A two-sided recess running along. an edge
is called a RABBET (fig. 7-6). Rados, gains,
and rabbets are not, strictly speal:ing, grooves,
but joints which include them are generally
called GROOVED JOINTS.

Grooves on edges and grooves or faces of
comparatively narrow stock can 'be out by hand
with the plow plane. The matching plane will
cut a groove on the edge of one piece and a
tongue to match it on the edge of another. A
dado can be cut by hand with the baeksaw and
chisel, by the same method used to out a cross
half-lap joint by hand. Rabbets on short ends
or edges can be sawed out by hand with the
backsaw.

A long rabbet can be out by hand with the
rabbet-and-fillister plane as follows: First be
sure that the side of the plane iron is exactly
in line with the machined side of the plane;
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then set the width and depth gages to the desired
width and depth of the rabbet. BE SURE TO
MEASURE THE DEPTH FROM THE EDGE
OF ".'HE PLANE IR-Xs:, NOT FROM THE
SOLE OF THE PLANE, If you measure from
the sore of the plane, the rabbet will be too
deep by the amount that the edge of the iron
extends below the sole of the plane. Clamp
the piece in the vise, hold the plane exactly
perpendicular, press the width gage against the
face of the board, and plane down with ever,
careful strokes until the depth gage prevents
any further planing.

A groove or dado can be cut on the circular
saw as follows: lay out the groove or dado on
the end wood (for a groove) or edge wood (for
a dado) which will first contact the saw. Set
the saw to the desired depth of the groove above
the table, and set the fence at a distance from
the saw which will cause the first cut to r. n on
the waste side of the line that indicates the left
side of the groove. Start the saw and bring the
piece into light contact with it; then stop the
saw and examine the layout to assure that the
cut will be on the waste side of the line. Re-
adjust the fence if necessary. When the position
of the fence is right, make the cut. Then reverse
the piece and proceed to se' and test as before
for the cut on the opposite side of the groove.
Then make as many recuts as are necessary to
remove the waste stock between the side kerfs.

The procedure for grooving or dadoing with
the dada head is about the same, except that in
many cases the dado r ead can be built up so
as to take out all the waste in a single cut The
two outside cutters alone will cut a groove 1/4
in. wide. Inside cutters vary in thickness from
1/16 to 1/4 in.

A stopped groove or stopped dado can be cut
on the circular saw, using either a saw blade
or a dado head, as follows: If the groove or
dado is stopped at only one end, clamp a STOP
BLOCK to the rear of the table in a position that
will stop the piece from being fed any further
when the saw has reached the place where the
groove or dado is supposed to stop. If the groove
or dado is stopped at both ends, claz.p a stop
block to the rear of the table and a STARTING
CLOCK to the front. The starting block should
be placed so that the saw will contact the place
where the groove is supposed to start whi..1 the
infeed end of the piece is against the bloc):.
Start the cut by holding the piece above the saw,
with the infeed end against the starting block

and the edge against the fence. Then lower the
piece gradually onto the saw, and feed it through
to the stop block.

A rabbit can be cut on the circular saw as
follows: The cut into the face of the piece is
called the SHOULDER cut and the cut into the
edge or end the CHEEK cut. To make the
shoulder cut (which should be made first), set
the saw to extend above the table a distance
equal to the desired depth of the shoulder, and
set the fence a distance away from the saw
equal to the desired depth of the cheek. Be sure
to measure this distance from a saw tooth SET
TO THE LEFT, or AWAY FROM the ripping
fence. If you measure it from a tooth set to the
right, or toward the fence, the cheek will be too
deep by an amount equal to the width of the saw
kerf.

Make the shou'-.,er cut first. Then place the
face of the piece which was down for the shoulder
cut against the fence and make the cheek cut.
If the depth of the shoulder and the depth of the
cheek are the same, the cheek cut will be made
with the saw at the same height as for the
shoulder cut. If the depth of the cheek is different,
the height of the saw will have to be changed
to conform before the cheek cut is made.

By using the dado head, you can out most
ordinary rabbets in a single cut. First, build
up a dado head equal in thickness to the desired
width of the cheek. Next, set the head to protrude
above the table a distance equal to the desired
depth of the shoulder. Clamp a 1-in. board to
the fence to serve as a guide for the piece, and
set the fence so that the edge of the board barely
contacts the right side of the dado head. Set
the piece against the universal gage (set at 90°,
of course), hold the edge or end to be rabbeted
against the 1-in. board, and make the out.

On jointers, a RABBETING STRIP on the
outboard edge of the outfeed table can be de-
pressed for rabbeting. The strip is outboard
of the end of the cutterhead. To rabbet on a
jointer, you depress the infeed table and the
rabbeting strip the depth of the rabbet below
the outfeed table, and set the fence the width
of the rabbet away from the outboard end of the
cutterhead. When the piece is fed through, the
unrabbeted part feeds onto the rabbeting strip.

Various combinations of the grooved joints
are used in woodworking. The well-known
TONGUE-AND-GROOVE joint is actuany a
combination of the groove and the rabbet, the
tongued member simply being a member which
is rabbeted on both faces. In some type of
panel work, the tongue is made by rabbeting only
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one face; a tongue of this kind is called a
BARE-FACED tongue. The DADO and RABBET
JOINT shown in figure 7-13 is another joint

which is often used in making boxes, drawers,
and cabinets.

The HOUSED LOCK JOINT shown in figure
7-14 is a type of dado and rabbet joint. Note,
however, that the rabbeted piece is reversed
and that the dadoed piece extends beyond the
rabbeted piece. This joint is used extensively
in the pattern shop for manufacturing special
wooden foundry flasks. The dadoed piece is
extended to form handles for the flask.

103.15
Figure 7-13. Dada and rabbet joint.

Figure 7-14. Housed lock joint.

Dovetail Joints

The DOVETAIL JOINT (fig. 7-7) is the
strongest of all the woodworking joints. It
requires a good bit of labor, however, and is
therefore used only for the finer grades of
furniture and cabinet work, where it is used
principally for joining sides and ends of drawers.

In the dovetail joint, one or more PINS on
the PIN MEMBER fit tightly into the openings
between two or more TAILS (or, in the case
of a single dovetail joint, between two HALF-
TAILS) on the TAIL MEMBER. A joint con-
taining only a single pin is called a SINGLE
DOVETAIL JOINT; P joint conta:ling two or
more pins is called a MULTIPLE DOVETAIL
JOINT. A joint in which the pins pass all the
way through the tail member is a THROUGH
dovetail joint. A joint in which they pass only
part way through is a BLIND dovetail joint.

About the simplest of the dovetail joints is
the HALF-LAP DOVETAIL joint shown in figure
7-15. This joint is first laid out and cut like
an ordinary end half-lap, after which the end
of the lapping member is laid out for a;:aping
into a dovetail as follows: Set the T-bevel to
10°, which is th,? correct angle between the
vertical axis and the sides of a dovetail pin or
tail. You can set the bevel' with a protractor
or with the protractor head on the combination
square. If you don't have either of these, use
the method shown in figure 7-16. Select a board
with a straight edge, square a line across it,
and lay off an interval of appropriate length,

68.98 135.85
Figure 7-15. - Dovetail half-lap joint.
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103.16
gore 7-16. Laying off 10° angle for dovetail

joint.

6 times on the line as shown. F -om the sixth
mark lay off the same interval perp.ndicularly
to the right. A line drawn irom this point to
the starting point of the first line drawn will
form a 10° angle with that line.

Lay off this angle from the end corners of
the lapping member to the shoulder line, as
shown in figure 7-17, and saw "ut the waste
as indicated. The lapping member now has a
dovetail on it. Place this dovetail over the
other member, in the position it is supposed
to occupy, and score the outline of the recess.
Then saw and chisel out the recess, remembering
to saw on the WASTE side of the lines.

For a through multiple dovetail joint, the
end of the tail member is laid out for cutting
as shown in figure 7-18. A joint in which the
pins and tails are the same size is the strong-
est type of dovetail, but for ease in cutting, the
pins are usually made somewhat smaller than
the tails, as shown. Determine the appropriate
number of pins and the size you want to make
each pin. Lay off a half-pin from each edge of
the member, and then locate the center lines
of the other pins at equal intervals across the
end of the piece. Lay off the outlines of the pins
at 10° to the center lines, as indicated. Then
measure back from the end of the member a
distance equal to the thickness of the tail
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103.17
Figure 7-17. Making a half dovetail Joint.

ol%

103.18
Figure 7-18. Laying out pin member for

through-multiple-dovetail joint.

member, and square a line all the way around.
This line indicates the bottoms of the openings
between the pins.

Cut out the pins by sawing on the waste sides
of the lines and then chiseling out the waste.
Chisel half-way through from one side, as shown
In figure 7-19; then turn the member over a..d
chisel through from the other side.
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103.19
Figure 7-19. Chiseling out waste in a through-

multiple-dovetail joint.

When you have finished cutting out the pins,
lay the tail member flat and set the ends of the
pins in exactly the position they are to occupy.
Score the outlines of the pins, which will, of
course, also be the outlines of the tails, Square
lines across the end of the tail member, and
saw and chisel out the waste between the tails
just as you did tile waste between the pins.

Box Corner Joint

With the exception of the obvious difference
in the layout, the BOX CORNER JOINT (fig.
7-8) is made in just about the same manner
as the through multiple dovetail joint.

Miter Joints

A MITER JOINT (fig. 7-9) is made by
MITERING (cutting at an angle) the ends or
edges of the members which are to be joined
together. The angle of the miter cut is one-half
of the angle which will be formed by the joined
members. In rectangular mirror frames, door
casings, boxes, and the like, adjacent members
form a 90° angle, and the correct angle for
mitering is consequently one-half of 90°, or 45°.
For members which will form an equal-sided
figure with other than 4 sides (such as an octagon
or a pentagon), the correct mitering angle can
be found by dividing' the number of sides the
figure will have into 180 and subtracting the
result from 90. For an octagon (8-sided figure),
the mitering angle is 90 minus 180/8, or 67-1/2°.
For a pentagon (5-sided figure), the angle is
90 minus 180/5, or 54°.

187

.1.11/MINI=IN/IMIIMPRIP

Members can be end-mitered to 45° in the
wooden miter box and to any angle in the steel
miter box (by setting the saw to the desired angle)
or on the circular saw (by setting the universal
gage to the desired angle). Members can be
edge-mitered to any angle on the circular saw,
by tilting the saw to the required ankle.

Since abutting surfaces of end-mitered mem-
bers do not hold well when they are merely
glued, they must usually be reinforced. A satis-
factory type of fastener for a joint between
end-mitered members is the SLIP FEATHER,
a thin piece of wood or veneer which is glued
into a kerf cut in the thickness dimension of
the joint. Saw about half-way through from the
outer to the inner corner, apply glue to both
sides of the slip feather, and push the slip
feather into the kerf. Clamp tight with a hand-
sel cw and allow the glue to dry. After it has
dried, remove the handscrew and chisel off the
protruding portion of the slip feather.

A joint between edge-mitered members may
be reinforced with a SPLINE, a thin piece of
wood which extends across the joint into grooves
cut in the abutting surfaces. (A spline for a plain
butt edge joint is shown in figure 7-1.) The
groove for a spline can be cut by hand, by laying
out the outline of the groove, removing the
major part of the waste by boring a series of
holes with a bit of suitable size, and smoothing
with a mortising chisel. The best way to cut a
groove, however, is on the circular saw, as
described earlier, in this chapter.

Coping Joints

Inside corner joints between moldink trim
members are usually made by butting the end
of one member against the face of the other.
Figure 7-20 shows the method of shaping the
end of the abutting member to fit the face of
the other members. First saw off the end of
the abutting member square, as you would for
an ordinary butt joint between ordinary flat-
faced members. Then, miter the end to 45° as
shown in the first and second views of figure
7-20. Then, set the coping saw at the top of
the line of the miter cut, hold the saw at 90°
to the lengthwise axis of the piece, and saw off
the segment shown in the third view, following
closely the face line left by the 45° miter cut.
Tha end of the abutting members will then match
the face of the other member as shown in the
fourth view.
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45" MITER CUT
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Haunching and table- haunching increase the
strength and rigidity of the joint.

The layout procedure for an ordinary stub
mortise-and-tenon joint is as follows: MARK
THE FACES OF THE NIENIBERS PLAINLY.
Lay off from the end of the tenon member the
desired length of the tenon, and square the
SHOULDER LINE all the way around. Then ky
off the total width of the tenon member on the
mortise member as shown in figure 7-22.

Determine the thickness of the tenon, which
is usually between one-third and one-half of
the thickness of the mortise member, and set
the po:nts on the mortising gage to this dimension.
Adjust the block so that the points will score
a double line on the center of the tenon member,
as shown in figure 7-22. If the faces of the
members are to be flush, use the same gage
setting to score a double line on the mortise
member, remembering to gage from the FACE
of the member. If the face of the tenon member
is to be set back from the face of the mortise
member (as is often the case with table rails

3 and the like), the mortising gage setting must
be increased by the amount of the set-back.
Remember, however, that the setting of the
POINTS remains the same. Last, lay off from
the end of the mortise member and from the
appropriate edge of the tenon member the
amount of end-stock which is to be left above
the mortise, as !ndicated also in figure 7-22,
and square lines as shown. For a SLIP TENON

4 joint like the one shown in figure 7-11, you
wouldn't need this last phase of the layout.

133.87
Figure 7-20. Making a coping joint.

Mortise-and-Tenon Joints

The MORTISE-AND-TENON joint is the most
important and most frequently used of the joints
used in furniture and cabinet work, In the BLIND
mortise-and-tenon joint (fig. 7-11) the tenon
does not penetrate all the way through the
mortised member, A joint in which the tenon
does penetrate all the way through is a THROUGH
mortise-and-tenon joint. Besides the ordinary
STUB joint (fig. 7-21 and view A, tig. 7-21),
there are HAUNCIIED joints (view B, fig. 7-21)
and TABLE-HAUNCHED joints (view C, fig. 7-21).
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Tenons can be cut by hand with the hacksaw,
by the same method previously described for
cutting corner and eni half-lap joints. Mortises
can be cut by hand with the mortising chisel.
As in the case of a spline groove cut by hand,
you can remove the major part of the waste
by boring a series of holes with a twist drill
of diameter slightly smaller than the width of
the mortise. For a blind mortise-and-tenon
joint use a depth gage or a wooden block to
prevent the drill from boring below the correct
depth of the mortise.

Tenons can be cut with the circular saw as
follows: To rirle the shoulder cuts (which are
made first), set the saw the depth of the shoulder
above the table and set the ripping fence the
length of the tenon away from the saw. Remem-
ber to measure from a saw-tooth SET TO THE
LEFT. Make the shoulder cuts as shown in
figure 7-23.
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C

Figure 7-21. A-stub, B-haunched, and C-table-haunched mortise-and-tenon joints.

103.21
Figure 7-22.Layout of a stub mortise and tenon

joint.

Set the saw the depth of the cheek above the
table, set the fence the width of the shoulder
away from the saw, and make the cheek cuts
as shown in figure 7-24. To steady the stock
against the fence, use a FEATHER BOARD
like the one shown clamped to the table. The
angled end of the feather board has a series of
long kerfs sawed in it, so that the board can
bear pretty hard against the stock vd still
allow it to be fed through without bind*. To
maintain t: e stock upright, use a PUSH BOARD
like the one shown in figure 7-24.

Tenons can also be cut with the dado head
by the same method previously described for

103.20

103.22
Figure 7-23.Cutting a s.are shouldered tenon.

cutting end half-lap joints. Mortises ars. cut
mechanically on a HOLLOW-CHISEL MORTIS-
ING MACHINE.

The cutting mechanism on this machine
consists of a boring bit encased in a square,
hollow steel chisel. As the mechanism is pressed
into the wood, the bit takes out most of the
waste while the chisel pares the sides of the
mortise square. Chisels come in various sizes,
with corresponding sizes of bits to match.

Mortise-and-tenon joints are fastened with
glue, and with additional fasteners as required.
One or more wood or metal dowels may be
driven through the joint.
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PANEL CONSTRUCTION

103.23
Figure 7-24. Using feather board and push
board to steady stock when cutting tenon cheek.

JOINT APPLICATIONS

Plywood panels are often installed in frames
to make parts of doors, partitions, bulkheads,
tables, desks, cabinets, lockers, drawers, bul-
letin boards, and blackboards. The panels can
be installed by a number of methods. Four of
the commonly used methods are shown in figure
7-25. Notice in figure 7-25, views 1 and 2,
how a groove and a rabbet are used to set
the panel into the rails and stiles. The rails
and stiles may be Jointed by using dowels,
miter Joints, half-lap joints, or mortise and
tenon joints. Fir plywood of 1/4" thickness is
used more than any other material for panel
construction.

One standard method of making a table Js
illustrated here (figs. 7-26, 7-27, 7-28, 7-29,
and 7-30). Desks are made in mich the same
manner but with the addition of panels and more
drawers.

Mortise and tenon Joints are used to join
the table rails to the legs and to secure the
stretcher to the lower end rails. An alternate
method of securing the legs to the rails is by
means of corner plates and lag screws. With
the latter method the legs can be tightened

2

3

PLYWOOD

GROOVE CUT

QUARTER-ROUND

BRAD

2 QUARTER-ROUNDS
QUARTER
'0.0UND11111

l'4,-..L7ma

- : -RIP

103.25
Figure 7-25. Panel constr.%.,...on.

11,..tr.41 FRONT OR PROFILE VIEW

easily when they become loose and they can be 103.26
removed easily for storage or moving. Figure 7-26.Mortise-tenon layout and design.
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BACK RAIL

GUIDE

SLIDE

IMMINNOMIIIIMEMPOM=1.

END RAIL
FRONT RAIL

BUTT JOINT
WITH CORNER PLATE AND LAG SCREW

LOWER RAIL

LEG

103.27
Figure 7-27. Corner butt joint for table legs.

103.28
Figure 7-28. Simple drawer construction.

CLEAT CLAMP METAL METAL COUNTER SCREW
BLOCK CL AMP BRACKET BORED INSIDE

SCREW RAIL

103.29
Figure 7-29. Securing rails to table tops.
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STRETCHER

STANDARD TABLE
CONSTRUCTION

(DOWEL OR MORTISE-TENON)

103.30
Figure 7-30. Standard table construction.

DRAWERS for tat'les and desks can be made
b the method shown in figure 7-28. It is easier
to make drawers by this method than it is
to make them with dovetail joints. However,
the dovetail joints are better and can be used
on special jobs made of fine cabinet woods.
Blind dovetails should be used for the front
corners of drawers made for such furniture.

TAIILE TOPS are usually fastened to the
upper rails by one of six standard methods shown
in figure 7-29. You will probably use the cleat
more than any of the others. The cleat is
screwed to the rail first so that it is about
1/16 inch below flush. Then the screws going
into the top will pull the top down tight and
snug.

FASTENING MATERIALS

There are many materials used for fastening
wood together. These incluae NAILS, SCREWS,
BOLTS, SPECIAL FASTENERS, and GLUE.

Glue

Although the carpenter very seldom uses it,
glue is the most often used fastening material
used by the Patternmaker, furniture maker, and
cabinet maker.

Glue is the oldest, strongest, most durable
and neatest of all other means of fastening wood
together. Furniture, built hundreds of years
ago by craftsmen of ancient Rome and Egypt,
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was assembled with glue and still exists today
in many of our n.iseums. In most cases, the
glued joints of these pieces of furniture were
put together with such a high degree of skill
and craftsmanship that it takes close scrutiny
and a practiced eye to discover them.

These ancients possessed the same high
degree of skill and craftsmanship in wood joinery
that you must attain as a Patternmaker, for
the quality and strength of a pattern depend upon
the quality of its glue joints.

TYPES OF GLUE. Certain glues may be
preferable f3i specific species of woods, since
there no all-purpose glue that meets all
requi cements. The various glues set, harden,
or core in different ways such as:

1. Evaporation of the solvent in the glue,
such as in animal or soybean glues.

2. Polymerization or condensation under
heat and pressure as in thermosetting resin
glues.

3. Cooling as in thermoplastic glues.
4. Coagulation as in blood albumin glues.

In selecting any glue for a particular pur-
pose, there are several points that should be
considered.. (1) the length of time it will re-
main in a usable condition, (2) the rate of setting
of the glue joint, (3) the water resistance of
the set glue, (4) the staining properties of the
glue, and (5) the dulling effect ithas on handtools.
Any one or a combination of these points may be
the deciding factor in the selection of a glue.
Basically, there are two methods of using glue:
hot and cold. Glues may be classified according
to their composition, such as (1) animal, (2) fish:
(3) vegetable starch, (4) vegetable protein, (5)
casein, (6) blood albumin, (7) urea resin, (8)
phenolic resin, and (9) vinyl resin.

The best grade of ANIMAL GLUE is the
HIDE glue which is made from hide clippings,
sinews, horns, and other waste parts of beef
cattle. The next best grade is BONE glue. This
is made from the bones of beef cattle. The
better grades of animal glue are usually amber
in color and quite transparent. Animal glue is
produced in large, thin sheets which are usually
broken into chips or ground to powder before
being shipped. The chips are used in large shops
where a great quantity of glue is used each day.
The powder is used when small quantities are
needed in a hurry. The chips or powder must
be soaked in water and cooked before use,

This class of glue sets and hardens by
evaporation and must be used while it is hot,

FISH GLUE is made from the bones, sinews,
and heads of fish and is kept to a proper
consistency by the addition of acetic acid. It is
used where the work of assembling parts is
slow and time is not a factor in turning out the
job. This type of glue, however, is seldom used
in the Navy because it is not as strong nor as
reliable as hot glue. Fish glue is usually made
in liquid form; it is applied cold and has a
disagreeable odor. Fish glue sets and hardens
by evaporation.

CASEIN AND VEGETABLE glues are cold
glues. Both are powders which are mixed with
cold water to form a creamy mixture. This
mixture is allowed to set for a short time to
allow the water to become thoroughly absorbed
by the glue. It is then ready for use. Both
casein glue and the vegetable glues set and
harden by evaporation.

Vegetable glue is of two types: PROTEIN,
made from soybeans, and STARCH, made from
the root of the cassava (tapioca, plant. It is
used in some veneering work. It is NOT satis-
factory for wood joints.

Casein glue is made fi milk and sold
in powdered form. Compar with vegetable
and animal glues, casein is generally
considered to be water -resi' et.

BLOOD ALBUMIN glue i uperior to casein
glue in water resistance, it requires very
expensive equipment for its application. It is
seldom used, because it requires hot pressing
and has a relatively low dry strength. The
powdered type is dissolved in water, usually
with some toxic ingredients to inhibit mold or
fungus growth. The liquid type requires an
addition of caustic soda to convert it for use.
Blood albumin glue sets and hardens by
coagulation.

UREA RESIN glue is a synthetic compound
which may be obtained either in powder form
or as a solution. Compared with casein glue
it is little if any better in durability or water
resistance. It is a hot or cold working glue;
is soluble in water, may be catalyzed at room
temperature (70° F) or hot pressed at 250° F.
Urea resin glues set and harden by the con-
densation of the resin.

PHENOLIC RESIN glue is marketed in various
forms, as a dry film, a dry powder, or a solution.
In general, it is highly durable under the most
extreme exposure conditions. It is resistant
to attack by micro-organisms, withstands
continuous soaking in fresh or salt water, and
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is, as a rule, as durable as wood itself. It is
a cold working glue but requires a curing
temperature of 150° to 325° F. The phenolic
resin glue sets and hardens by condensation and
is waterproof. %%Tien used as a bonding adhesive
in exterior or marine plywood it is considered
more durable than wood itself.

VINYL RESIN glue is a synthetic, termo-
plastic, white liquid which requires no mixing
or heating prior to use. This glue is ready for
immediate use and can be applied at room
temperatures above 50° F. The initial setting
of the glue requires less than 30 minutes and
for ordinary work a strong bond will occur in
less than 1 hour. In addition, this glue is com-
pounded to provide a m;nintim amount of wear
to cutting tools as well as to have a glue line
that is practically colorless. For general pat-
tern construction, vinyl resin glue has replaced
all glues that require heating, cooking, or
mil.ing prior to use.

POINTERS ON USING GLUE. Each type
of glue must be prepared and used in a special
manner if you are to get the strongest possible
joint. Instructions are always given on the label
of the container. Study these carefully before
attempting to use any glue. There are certain
general principles, however, to be followed in
the application of all glues.

Phenolic resin glue should be kept in cool
storage. The glue manufacturer marks on each
shipment the recommended storage temperature
and the period of time that the glue can be held
in storage. You should not permit the glue to
become heated above the recommended storage
temperature for any appreciable length of time.
If you do. some curing action results and the
glue may become thickened to such an extent
that it cannot be properly mixed and spread on
the lumber to be glued.

Phenolic glue must also be protected from
freezing temperatures (32° F or less). At such
low temperatures some ingredients may settle
out of the glue and be difficult to remix.

The wood should be warm but not hot. If the
wood is cold, the glue adjaceet to the wood will
be chilled and will set before it has properly
penetrated the pores of the joint. If the wood
is hot, the water in the wood will be expelled
causing the joint to warp. It is well also to
have the glue room warm to avoid the dangers
of chilling.

Be sure to squeeze or rub excess glue out
of a joint before applying pressure. Pressure
should always be applied as quickly as is

consistent with good workmanship after the
spreading of the glue. This prevents the glue
from setting before the excess can be squeezed
out.

The greater the pressure, the stronger will
be the joint, provided the pressure °does not
become great enough to crush the wood and
injure the pores. If possible, the pressure should
be at least 100 psi. It is almost impossible
to squeeze out too much glue. Theoretically the
bond should of the interlaced threads
of glue passing the pores in one piece to
the pores in the .,tr, Clamps may be used to
produce this pressure, but they do not distribute
the pressure even. In order to get a joint with
maximum strength, you should use two plates.

Good results cannot be obtained from gluing
operations unless xtreme care and attention are
given to the preparation of glue. All precautions
taken when gluing up material are wasted if the
glue IE not in excellent condition. No end of
trouble is encountered when glue joints fail
during the process of constructing a job. Some-
times a job will hold up until it is completed,
then fail during use in the foundry because of
the poor condition of the glue. By using only the
best grade of glue, and by following a few simple
directions, much loss of time and waste of
energy can he averted.

METHODS OF APPLYING GLUE, When
the need arises for thicker or wider material
than '..hat immediately available, it will be
necessary to build up material to the required
dimensions by gluing a number of pieces
together. Two principal methods are employed
for the gluing up of stock; face-to-face gluing
and edge-to-edge gluing.

In FACE-TO-FACE GLUING, first determine
the sizes of stock nee-teci. Then decide which
thickness and width of the stock on hand will
produce the required size. Measure and remove
enough lumber from the rack to do the job.
Saw the lumber to the required lengths. Dress
one face and one edge of each piece of material
on the jointer. Dress the material to proper
thickness in the planer. Rip the pieces to the
proper width in the circular saw. (NOTE:
Woodworking machine operation is explained
in chapter 5 of this training manual.) Plane
the surfaces to be glued together with a jointer
or hand plane until the surfaces are smooth and
true. Start a finish nail at each end of all but
one piece of material. Adjust the hand clamps
to an approximate jaw opening by laying the
stock on the bench and fitting each clamp loosely
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over the stock. Then place them in a spot where
they can he easily reached. Place the stock in
the desired gluing position. have the piece in
which no nails have been driven, lying lace
up. Apply a good coat of glue to the surface
of the piece of stock lying face up. Place one
of the other pieces of stock face to lace with
the glued surface (with the nails pointing down),
and 1 ub back and forth or in a circular motion.
At the same: limn, exert as much down pressure
as possible. This spreads the glue evenly
throughout. the joint and excludes any air bubbles.
In addition, a certain amount of glue is driven
into the pores of the wood, and the glued surfaces
are brought closer together; this reduces the
amount of "drawing up" to be done when the
clamps are applIed. Line the two pieces up
and set the nails in each end sufficiently to
hold them together. The nails are used to hold
the stock together until the claml)s can be put
in place and to prevent sliding of the pieces
when the clamps are being tightened. Repeat the
preceding gluing operations until all pieces have
been assembled.

Then lay the material on its side in the
position shown in figure 7-31; note how pieces
are alternated in relation to the annual riag
growth of lumber. The warpage of each piece
will tend to offset the warpage of the one next
to it if this arrangement is followed. Also,
arrange the pieces so that the grain of their

respective surfaces runs in the same direction;
otherwise, difficulties may arise IAer wlien the
job is being dressed to proper thickness. Planing
with the grain on one part of the surface may
prove to be the wrong direction for an adjacent
area. After proper arrangement, use some
system of marking the pieces of stock so that
they will not be disarranged during the gluing
up process.

Place clamp A (fig. 7-31) in a position so
that when the clamps are all in place the space
between them will be practically equal through-
out the length of the material. Keep the lower
clamp spindle M at least 1/2 inch above the
surface of the material. Tighten up on spindle
M and release spindle N until a fair amount of
pressure is obtained on that part of the jaws
near M. Next turn spindles M and N until the
entire face of the jaw F is exerting an even
pressure on the face of the material. Use suf-
ficient force to squeeze excess glue freely from
the joints of the glued up stock and draw all
joints closely together.

Place clamp 13 on the job. Adjust and tighten
it according to directions given for clamp A.
Clamping the midsection of the material first
will give the excess glue which is squeezed out
of the joint more outlets. As each clamp is
added, the glue is forced along, as well as out of,
the joint. If the ends are clamped first, a con-
siderable volume of glue is trapped which can

68.42
Figure 7-31. Face-to-face gluing.
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only be squeezed ou' )y the application of enor-
mous pressure. Tnis is especially true when
gluing up wide pieces of material. If the stock
is being glued up on sawhorses, clamps C and
D can be placed and adjusted from the bottom
side of the job. The stock is then turned com-
pletely over on a table or bench, so that it rests
on the ends of clamps A and B. Clamps C and D
can then be placed and adjusted from the top in
the same manner as clamps A and B were put
on the job.

Examine the job carefully to see that all the
clamps are properly set on the job, and that all
the glued joints have been properly drawn up.
Remove the job to a convenient spot where it will
be out of the way until needed. If the job is left
on the sawhorses until the glue has hardened, the
excess glue which has been squeezed out of
the joints may cause the job to stick tc the
sawhorses. Clean all waste glue from the top
of the bench or sawhorses. When the glue has
jelled, remove most of it with a glue scraper;
then wipe the surface with a piece of cloth or
waste which has been dipped in hot water. If
the job is "rush", the clamps may be removed
in 4 hours. However, there is no guarantee that
the joints will nct open up if the clamps are
removed so soon. More satisfactory results will
be obtained if the clamps are left on the job
for at least 12 hours, but this will depend mainly
on the type of glue used. Construction of the job
should be planned to provide for good results
in gluing operations.

The EDGE-TO-EDGE METHOD of gluing
up stock is employed for two purposes: it is
used most freluently to obtain material which
will be relati. .ly thin in comparison with its
width, but which will not be susceptible to
excessive warpage. Occasionall, this method
is also used to glue up material 'Which has to
be wider than any on hand.

In edge-to-edge gluing, select, dress, and
rip the material in the same manner asdescribed
for face-to-face gluing.

Start nails in the ends of each piece of stock
except one, for the same purposes as described
in the previous section on face-to-face gluing.
Set the clamp jaw openings to suit the width of
the assemhlea pieces of stock, .allowing for the
placing of blocks on the edges of the material to
prevent marring by clamp jaws. Make two jig
blocks for each of the bottom clamps (fig. 7-32)
to hold the clamps upright during the gluing
operations. Note that the pieces are arranged
so that the annual ring growth will tend to offset
warpage. Be sure that ihe direction of the grain
is the same in all the pieces to be glued.

Place glue on the edges of the boards to be
jointed. Rub the stock together to spread the
glue evenly and to force out any air bubbles,
Hold the work in place by driving the nails
into each end of the stock as shown in figure
7-32. If some of the ends of the joints tend to
open up in spite of the nails and before the
clamps can be applied, pinch dogs may be used
temporarily to hold the boards together. Im-
mediately put the middle clamps in place with

68.43
Figure 7-32. Edge-to-edge gluing.
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the blocks in front of the jaws. Adjust and
tighten them. Then adjust and tighten the clamps
on the ends, remaving all excess glue.

Inspect the clamps every few hours to make
sure that they are not causing any warping of
the stock. If you notice any of the edges pulling
away from another before the glue has dried,
readjust the clamps so that equal tension is
applied throughout. In general, clamping and
the application of pressure should start in the
center of the work and worked toward each
end, or started at one er.d and worked toward
the other end.

Combined with glue other fastening ma-
terials such as nails, brads, dowels, and
corrugated fasteners are constantly being used
in pattern construction. Many of the materials
used in patternmaking are the same as those
found in other woodworking trades. However,
the Patternmaker may or may not use these
materials in the same manner as other wood-
workers. For example, in temporary fastening
of pattern members, brads, nails, and corrugated
fasteners may be used instead of wood screws.
Wood screws may be combined with glue and
paper in parted pattern turning. Dowels may be
used for the alignment of parted patterns and
of loose pattern components.

The fasteners used most frequently by the
Patternmaker are nails, brads. wood screws,
dowels, and corrugated fasteners. A description
of these fasteners is given in the following
paragraphs.

Nails and Brads

There are many types of nails, all of which
are classified according to use and form. The
wire NAIL so called because it is made from
steel wire, is round-shafted, straight, pointed,
and may vary in size, weight, size and shape of
head, type of point, and finish. There are a
few general rules to be followed in the use of
nails. For maxim im holding power, a nail
whatever the type, should be at least three times
as long as the thickness of wood it is intended
to hold. Two-thirds of the length of the nail
is driven into the second piece for proper
anchorage while one-third provides the necessary
anchorage of the piece being fastened. Nails
should be driven at an angle slightly toward
each other and should be carefully placed to
provide the greatest holding power. Nails driven
with the grain do not hold as well as nails

driven across the grain. A few nails of proper
type and size, properly placed and properly
driven, will hold better than a great many
driven close together. Nails can generally be
considered the cheapest and easiest fasteners
to be applied. In ter ns of holding power alone,
nails provide the least; screws of comparable
size provide mere, and bolts provide the greatest
amount.

NAIL SIZES are designated by the use of the
term PENNY. This term designates the length of
the nail (1 r -my, 2 penny, etc.), which is the
same for all -pea. The approximate number
of nails per mind, varies according to the
type and size. The wire gage number varies
according to type. Figure 7-33 provides the
information related to the term penny for each
of the type of nails referenced to in this section.
The d adjacent to the numbers in the Size
column is the accepted abbreviation of the word
penny as used in nail sizing and should be read
2 penny, 3 penny, etc.

The COMMON WIRE NAIL (view A, fig. 7-34)
has a flat head and ranges in size from 2d
(1 inch long) to 60d (6 inches long). THE BOX
NAIL (view 13, fig. 7-34) has the same length
per penny size as the common wire nail, but
has a lighter head and small diameter. Both
the common wire and box nail are generally
used for structural carpentry where appearance
is not important.

THE FINISHING NAIL (view C, fig. 7-34) is
made of finer wire than either the common
wire or box nail. However, its length, related
to penny size, is the same. The finish nail has
a small head which may be set below the surface
of the wood into which it is driven leaving only
a small hole which may be smoothly puttied
or waxed over. It is used where appearance
is important such as for interior anig exterior
carpentry, cabinetmaking, and patternmaking.

The DUPLEX NAIL (D, fig. 7-34) is a
temporary fastener meant to be removed. For
this reason, it is made with two heads. The
lower head, or shoulder, is provided so that the
nail may be driven securely home to give
rnaximam holding power while the upper head
projects above the surface of the wood to make
its removal simple.

The WIRE GAGE BRAD (view E, fig. 7-34)
may be obtained in several gages for the same
length of brad; it ranges in length from 3/8
inch to 6 inches. It is therefore the most suitable
brad for pattern work. Remember that for brads
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COMMON WIRE NAILS

G H I L M N O PJ K P
CSI Vi4P.

=

V

V

SIZE

LENGTH AND GAGE

INCHES NUMBER

APPROXIMATE
NUMBER TO

POUND

A 60d 6 2 I I

B 504 S; 3 14

C 400 S 4 18

D 3Cd 41 5 24

E 20d 4 6 31

16/ 3; 7 49

121 3; 63

I0 3 9 69

I 94 10: 96

J 21 10: 106

PC 11: 161

L 61 2 I I 1 1St

M S4 12: 271

N 41 11 121 316

0 34 t 14 S68

P 21 IS 076

Figure 7-33. Types of nails and nail sizes.

the higher the gage number, the smaller the
body diameter. It size is identified according
to "length and wire gage"; for example, "1 12"
means 1 inch long and made of 12-gage wire
(0.105 inch). While "1 1/2-15" means 1 1/2
inches long and made of 15-gagewire (0.072 inch).

Wood Screws

The use of wood screws, rather than nails, al,
fasteners may be dictated by a trimberof factors.

29.121

These may include the type of material to be
fastened, the requirement for greater holding
power than could be obtained by the use of
nails, the finished appearance desired, and the
fact that the number of fasteners that can be
used is limited. The use of screws, rather
than nails,' is more expensive in terms of time
and money but is often necessary to meet re-
quirements for superior results. The main
advantages of screws are they provide more
holding power; can be easily tightened to draw
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A- COMMON WIRE NAIL

====1
B - BOX NAIL

C - FINISH NAIL

D - DUPLEX NAIL

E - WIRE GAGE BRAD

29.121(68C)
Figure 7-34. Nails and brads.

LAG SCREWS

the items being fastened securely together; are
neater in appearance if properly driven; and
may be withdrawn without damaging the material.
The com-non wood screw is usually made of
unhardened steel, stainless steel, aluminum, or
brass. Unhardened steel or brass screws are
normally used in the pattern shop. The steel
may be bright finished or blued, or zinc,
cadmium, or chrome plated. Wood screws are
threaded from a gimlet point for approximately
2/3 of the length of the screw and are provided
with a slotted head designed to be driven by
an inserted screwdriver,

WOOD screws as shown in figure 7-35 are
designated according to head style. The most
common types are: FLATHEAD, OVALHEAD,
and ROUNDHEAD, both in slotted and phillips
heads. To prepare wood for receiving the screws,
bore a pilot hole the diameter of the screw to
be used in the piece of wood that is te be
fastened (fig. 7-36). Then bore a smaller, starter
hole in the piece of wood that is to act as anchor
or hold the threads of the screw. The starter
hole is drilled with a diameter less than that
of the screw threads and to a depth 1/2 or 2/3
the length of the threads to t. anchored. The
purpose of this careful preparation is to assure
accuracy in the placement of the screws, to
reduce the possibility of splitting the wood, and
to reduce the time and effort required to drive

LENGTH --104
ROUND HEAD

01111----- LENGTH --Oil
FLAT NEAD

O.-- LENGTH-*I
OVAL HEAD

A . SLOTTED B. PHILLIPS
HEAD HEAD

BODY

ROOT BODY
DIAMETER DIAMETER

LENGTH--01
FLAT HEAD

DIAMETER
OF HEAD
I

Figure 7-35. Types of wood screws and nomenclature.
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COUNTERSUNK HOLE

PILOT HOLE

STARTER HOLE

29.123
Figure 7-36. Sinking screw properly.

the screw. Properly set slotted and phillir
flathead and ovalhead screws are countersunk
sufficiently to permit a covering material to be
used to cover the head. Slotted roundhead and
phillips roundhead screws are not countersunk,
but are driven so that the head is firm'y flush
with the surface of the wood. The slot of the
roundhead screw is left parallel with the grain
of the wood.

The proper name for LAG SCREWS (fig.
7-35) is LAG BOLT, wood screw type. These
screws are often required in construction
building. They are longer and much heavier
than the common wood screw and have coarser
threads which extend from cone or gimlet
point slightly more than half the length of the
screw. Squarehead and hexagon head lag screws
are always externally driven, usually by means
of a wrench. They ir'e used when ordinary wood
screws would be too short or too light and

spikes would not be strong enough. For sizes
of lag screws, see table 7-1.

Wood screws come in sizes which vary from
1/4 inch to 6 inches. Screws up to 1 inch in
length increase by eighths, screws from 1 to 3
inches increase by quarters, and screws from
3 to 6 inches increase by half-Inches. Screws
vary in length and size of sha::. Each length is
made in a number of shaft sizes specified by an
arbitrary number that represents no particular
measurement but indicates relative differences
in the diameter of the screws. Proper nomen-
clature of a screw as illustrated in figure 7-35
includes the type, material, finish, length, and
screw size number which indicates the wire
gage of the body, drill or bit size for the body
hole, and drill or bit size for the starter hole.
Tables 7-2 and 7-3 provide size, length, gage,
and applicable drill and auger bit sizes for
screws; table 7-1 gives lengths and diameters
of lag screws.

Dowels

Dowels are used by Patternmakers to as-
semble and hold the loose parts of the pattern
in proper relation to each other while the pattern
is being rammed up in the mold. They are
frequently used to reinforce glued joints and
delicate parts of a job. WOODEN DOWELS are
round wooden pins that are made by a special
dowel machine equipped with revolving cutters.

The best wooden dowels are made from
straight-grain maple or birch. The diameters
commonly used in the shop are: 1/8, 1/4, 3/8,
1/2, 5/8, 3/4, 7/8, and 1 inch. See figure 7-37.

Table 7-1. Lag Screws

Diameter. littehrsi

Lerwths iinehe.i 1.
::..

1
x x
X x x

2, 212. 1, 3'4, etc.. 71z. H to 10 x x X X

11 to 12 X X

13 to 1r; X X
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Table 7-2. Screw Sizes and Dimensions

'.:ength ( in.)
Size numbers

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 20 22 24

1:4
3.'8
1.12
5,'S
3'4
7/8
1

1 1 4 .

11''2
1:3'4

2 1/4
2 1/9
2 3'4
3
3 1`2
4
4 112
5
f;

x
x

x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x
x

x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
);
x
X

x
x
x
x
x
x
x
x
x
x
x
X

x
x

x
x
x
x
x
x
x
x
x
x
x
X

x
x

x
X

x
x
x
x
x
x
x
x
x
X

x
x
X

x

x
2(

x
x
x
x
x
x
x
x
x
X

x
x
X
x

x
x
x
x
x
x
x
x
x
x
X

x
x
X

x

x
x
x
x
x
x
x
x
x
x
X

x
x
X

x

x
x
x
x
x
x
x
x
X

x
X

x
X

X

x
X

X

x
x
x
X

x
x
X

X

X
X

X

x
X

X

X

X

X

x
x
X

x
x
X

X

x
X

X

x
X

X

X

X

X

x
x
x
x
x
x
X
x
x
X

x
x
x
X

x
x
x
x
x
x
X
x
x
X

x
x
x
X

x
x
X

X
x
X

X

X

X

X

x
X

X

Threads per inch . . . . 32 28 26 24 22 20 18 16 15 14 13 12 11 10 9 8 8 7

Diameter of screw (in.)
C
-o

C:

c9
t"'
CD

co

CD

cb
a'
C'

c
"-'
I.'

to'
1"*

co
4""..

.-1
")":

-4
'c'":

e--
r`.1

ca
c''':

el
c'
Cl

CO"
Cl

".:r
Cl

m
t0
Cl

yr
C:0

Cl

a
24
el

c,4C
CI

Table 7-3. Drill and Auger Bit Sizes for Wood Screws

zierpw mu. tio

Nominal screw

Body diameter

1

073

5

64

2

.086

3

32

3

.099

I 3

32

Drill size
5 3

7
64 . 32 64

Pilot hole
Bit size

Drill size
1 1

16 16

Starter hole
Bit size

133.343

4 5 I I 7 I 8 I 9 10 I 12 14 18 I 19

.112 I .125 I .138 .151 I .164 .177

I 7 1 I 9

64 j 8 j 64

1 5 I 11 11

32 1 64 64

(

1 X 1 1 9 5

64 I 8 64 32

6 15 3

64 64 I 32

11

64

3.

16

.190 I

3

16

3

16

7

64 8

.216 I .242 .268 I .294

7 15 17 19
32 64 64 64

7 1 17 19

32 4 64

4 4 5 5

9

_

5

-
3 13

64 32 16 64

4
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WWII KEY METAL DOWELS WOOD DOWELS

68,44
Figure 7-37. Dowels and dowel keys.

METAL DOWELS, especially of brass, are
used quite frequently. They are not easily
damaged. They also eliminate the inconvenience
caused by the swelling of wooden dowels which
have absorbed moisture from the molding sand.
One type of metal dowel is shown in figure 7-37.

Metal dowels are self-centeringthe lower
portion of the threaded end is designed to find
its own center in the bored hole and hold the
dowel to its center as the threads cut their way
into the wood. The depth of the thread tends
to keep the dowel tight, giving the male and
female parts a fit within a tolerance of 0.001
inch.

The metal dowel is easily inserted or re-
moved from drilled holes in the pattern. DOWEL
KEYS are used for this purpose. (See fig. 7-37.)

Table 7-4 lists the dowel nutrOer size,
diameter of the dowel pin, and the recommended
drill size to be used.

Corrugated Fasteners

Corrugated fasteners are made from sheet
metal of 18 to 22 gage with alternate ridges and
grooves; the ridges vary from 3/16 to 6/16 inch,
center to center, One end is cut square, the
other is sharpened with bevel edges creating

201

Table 7-4. Drill Sizes for Metal Dowels

Dowel No.
Size

Dowel Diameter
(Inches)

Drill Size
(Inches)

0 7/64 1/8

1 11/64 3/16

2 3/16 1/4

3 7/32 5/16

4 5/16 7/16

5 13/32 9/16

6 17/32 3/4

7 13/16 1

68.188

a sawtooth effect. There are two types of cor-
rugated fasteners, PARALLEL and DIVERGENT.
(See fig. 7-38.) The parallel type has the ridges
running parallel. The divergent type has the
ridges running at a slight angle away from the
square edge. The angle creates a tendency to
compress the material since the ridges and
grooves are closer together at the top than at
the bottom. Corrugated fasteners are made in
several different lengths and widths. 'he width
varies from 5/8 inch to 1 1/8 inches, while the
length varies from 1/4 to 1 inch. In addition,
they are also made with different numbers of
ridges, ranging from 3 to 6 ridges per fastener.

FINISHING THE PATTERN

After a pattern is constructed and before it
receives its final protective pattern coating, it
must be sanded to remove tool marks and ridges.
Fillets must be added, identification markings
must be included, and rapping and lifting plates
must be set into the pattern.

The procedure followed to complete patterns
may vary depending upon he job requirements.
The sequence of steps which may be followed
to complete a pattern are discussed in the
following sections.
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WIDTH - WIDTH

A

RIDGES
PARALLEL

(PARALLEL)

B

RIDGES AT A
SLIGHT ANGLE

(DIVERGENT)

H

METHOD OF USE

68.45(68C)
Figure 7-38. Corrugated fasteners and their

uses.

SANDING MATERIALS

After a pattern is constructed, it must be
sandpapered smooth in order to remove the
ridges and marks left by the cutting tools.
Howeve sanding must be done with care so as to
not remove the construction lines and centerlines.
Final finishing of a pattern is very important
because it gives the pattern a hard, smooth
finish that is resistant to the warping effects
of moisture and heat, and to abrasion. It also
helps the Molder to draw the pattern away
from the sand mold cleanly.

Two types of SANDPAPER are used in the
pattern shop: (1) quartz or tint, and (2) garnet.
The first type is made from crushed quartz
rock and the second from crushed garnet ore.
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Both sandpapers are made by applying hot glue
to one side of a tough paper, and then sprinkling
the abrasive material on top of the glue. Garnet
paper is harder and more durable.

Sandpapers are graded according to the
coarseness or fineness of the abrasive particles
that are used. The grade is marked by e. number
on the back of the sandpaper. Different grades
are used to indicate grit size for flint and garnet
papers. The various grades in each type are
listed in the accompanying chart:

GRIT SIZE
GRADE USES Garnet Flint

Very fine Cabinet
finishing 9/0

8/0
7/0 M11.1116

6/0 4/0
5/0 3/0

Fine Finish
sanding 4/0 2/0

3/0 0
2/0 1/2

Medium Rough
sanding 0 1

1/2 1 1/2
1 2

1 1/2 M.11111111111.

Coarse Disk
sanding 2 Am110.11.

21/2 21/2
3 3

Grit sizes of garnet paper above 4/0 and flint
paper above 2/0 are used for cabinet work.
However, the pattern shop usually stocks no
finer grade than number 4/0. The sandpaper
for hand use comes in sheets about 9 by 11
inches. For machine sanders, it comes either
in rolls or already cut to fit the machine.

The proper storage of sandpaper is important
for good performance. It should never be stored
in a damp place or in a place where it might
become too dry. Moisture tends to loosen the
abrasive material, while excessive dryness tends
to make the paper too brittle.
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HAND SANDING

Sanding of finished surfaces of cabinet and
Jointer work is usually done with the run of the
grain to avoid scratches that might spoil the
natural appearance of the grain. A large portion
of pattern material, however, is sanded across
the grain to produce a surface that is both
smooth and even. This applies in particular to
material such as redwood and some of the pines
used in the pattern shop. These woods possess
a marked difference in hardness between the
soft and hard portions of their annual ring
growth. When sanding is done with the run of the
grain on wood of this type, the abrasive on the
sandpaper tends to remove the softer portion
of the grain quite rapidly in the form of micro-
scopic shreds. The harder grain portions offer
more resistance to the abrasive, frequently
being so tough that they are barely affected.
Instead, they tear the abrasive from the paper,
and this loose material in turn attacks the softer
portions as the sandpaper is pushed back and
forth over the surface. This often produces a
"washboard" surface that is very unsatisfactory
for the face of a pattern.

When the same woods are sanded across
the grain, the abrasive material rapidly cuts
tiny chips out of the hard fiber walls, somewhat
in the manner of thousands of small saw teeth
all cutting at once. The entire abrasive face
of the sandpaper is evenly dulled, and cannot
remove the soft grain portion any faster than the
reduction of the hard fibers will permit. This
action produces a smooth and fairly even sur-
face that is quite suitable for a pattern finish.

For sanding flat surfaces, select a sheet of
sandpaper that is just coarse enough to dress
the surface free of tool marks without cutting
the surface too rapidly. Best results are ob-
tained in the use of sandpaper if you bend a
sheet over the sharp edge of a table or board
and tear it into four equal parts. Since a sheet
of sandpaper is too large for the average-size
Job, tearing it into four parts saves much un-
necessary waste.

Make a sandpaper block and fold one of the
pieces of sandpaper around it. Sand the surface
by moving the block back and forth across the
grain with long strokes; at the same time, move
along the surface from one end of the material
to the other. Do not sand in one spot; instead,
try to remove an equal amount from all parts

of the surface during each sanding motion. With
the bench brush, brush the surface free of wood
dust and loose abrasives. Examine the surface
to see if all tool marks have been removed. If
not, repeat these sanding operations until the
desired results are obtained. Splect a sheet
of fine sandpaper for finishing the surface.
Complete sanding the surface with the fine grade
of sandpaper, and brush the surface clean with
the bench brush.

When sanding straight narrow edges, sand
with the grain of the wood. There is a tendency
to impart a rocking motion to the sanding block
when cross-grain sanding is being done on
narrow edges; the rocking motion produces a
rounded surface.

When sanding concave surfaces, use a round-
faced block. Do as much cross-grain sanding
as conditions will permit. Select a sheet of
sandpaper of suitable coarseness, tear it into
four equal parts, and wrap one piece around
the curved side of a sanding block. Start each
sanding stroke at the top edge of the concave
surface and push toward the bottom. Do not
sand on the back stroke, because you may pass
over the edge and knock the corner over. Clean
the surface with the bench brush occasionally,
examining for tool marks. Finish the surface
with a fine grade of sandpaper.

In sanding irregular surfaces, the usual
procedure is to tear the sandpaper sheet into
quarters. Fold each quarter as shown in figure
7-39 to obtain three separate surfaces. As one
surface of the paper becomes dull, the paper
can be turned over until the entire piece has
been used. The paper is held during sanding as
shown in figure 7-40. This method of sanding
is used for surfaces for which a sandpaper
block is unsuitable. Exercise care to avoid
sanding too long in one spot and thereby altering
the dimensions of a job.
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Figure 7-39. Folded sandpaper.
68.46
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68.47
Figure 7-40. Holding folded sandpaper.

One method of finish sanding frequently
employed after sanding with a folded sheet of
sandpaper, is to tear off a narrow strip of
sandpaper and use it in shoe-shine fashion,
This should be done with a fine grade of sand-
paper. about 3/0 or 4/0, when finishing small
jobs. Coarser grades may be used on larger
work.

In sanding shellacked surfaces, either of
these sanding methods may be used as conditions
warrant. However, most sanding of shellacked
surfaces is done by using sandpaper folded as
shown in figures 7-39 and 7-40.

The principal purpose of sanding a shellacked
surface is to remove any roughness that may be
present, without removing the shellac. The pres-
sure exerted on the sandpaper should never be
greater than that necessary to obtain satisfactory
results. Also, as fine a grade of sandpaper as
the job will permit should be used.

Examine a shellacked surface to see if it is
fully dry before attempting to sand it. Select a
sheet of sandpaper of proper grade for the job
to be done. Tear the sheet into four equal parts,
and fold one piece as shown in figure 7-39. Hold
the folded sandpaper as shown in figure 7-40.
Sand the surface very lightly at first, increasing
pressure as conditions may require. Use strokes
that are as long as possible and do not "dabble"
in one spot. Examine the surface frequently to
see if the desired results are being obtained.
Do no more sanding than is necessary to
produce a smooth surface. Also, examine the
sandpaper frequently to see if any part has
become gummed with shellac. If it has, do not
use that part of the sandpaper any longer because
it will scratch the surface of the job.
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LATHE SANDING

Excessive sanding of work in a lathe should
be avoided or the dimensions of the job may
become too greatly altered. The job should be
carefully turned to a smooth finish so that onlf
minor sanding is necessary to finish the surface.
The speed of the lathe should be well regulated
during sanding operations in order to avoid
burning. A fine grade of sandpaper should be
used (3/0 or 4/0) on the average-size job.
Dulled, fine sandpaper (4/0) should be used on
very small work. Always remove the toolrest
from the lathe before sanding a job.

For most lathe sanding jobs, use 3/0 or
partially worn sandpaper. If the job is small,
use a half sheet; if fairly large, use the whole
sheet. Fold the sheet twice, and start the lathe
at about medium speed. Apply the sandpaper
lightly (fig. 7-41) and keep moving it along the
surface of the job. Do not let the sandpaper
stay in one spot. When sanding the ends of the
job, use a narrow strip of sandpaper, folding
it between your fingers in the shape of the
surface to be sanded. Then hold it lightly against
the stock, and rotate it at the proper angle so
that all angles, edges, or shoulders retain their
designed shapes. (See fig. 7-42.)

In sanding a concave faceplate pattern, start
by tearing a suitable piece from a sheet of 4/0
sandpaper. Fold it over twice. Bend the paper a
few times to make it pliable, so that it can take

Figure 7-41.Sanding a lathe job.
68.48
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the shape of the concave surface. Start the
lathe at about medium speed. Sand the job as
illustrated by figure 7-43. Do not knoQk off the
sharp corners on the face of the bend.

You will find that electric sanders are useful
for smoothing stock, and for putting draft on
the sides of patterns. Be alert when operating
a machine sander so you will not cut off too
much stock and ruin your work.

68.49
Figure 7-42. Sanding at an angle.

.0.....

68.60
Figure 7-43. Sanding a concave faceplate

pattern.
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FILLETS

4.1.1111111M11=M

FILLETS are concave connections or corner
pieces that are used to eliminate sharp corners
on patterns. They are designed to provide addi-
tional strength on the finished casting by relieving
the strains and stresses that are created in
the shrinking of the metal as it cools. The use
of fillets also helps to eliminate sharp edges
of sand that are likely to be loosened and to
fall when the pattern is withdrawn.

Types of Fillets

By far the strongest and most satisfactory
fillet is that turned or carved from the pattern
stock on the pattern itself. Others in the order
of their importance are the glued-on wooden
fillet, the leather fillet, and the wax fillet.
Fillet irons, pattern letters and figures, and
rapping and lifting plates are illustrated in
figure 7-44.

GLUED-ON WOODEN FILLETS may be
classified as either STRUCK fillets or PLANTED
fillets. A struck inlet is made from rectangular
stock, glued in place, and carved to shape. See
part A of fig. 7-45. A planted fillet is made of
previously shaped stock that is glued or affixed
in place. (See part B of fig. 7-45.) Note that on
planted fillets, the sides are cut to slightly more
than 90° to permit the feather edge of the fillet
to adhere tightly to the pattern. In addition, the
back corner (heel) is trimmed to allow for
the glue or shellac which might prevent close
adhesion. Wood fillet stock may be purchased
in sizes ranging from 1/4 inch to 2 inches.

LEATHER FILLETS may be classified as
planted fillets. These fillets are frequently used
to fill in sharp corners occurring at the inter-
section of irregular shapes and also for shaping
to curves. Some additional pliability may be
obtained from this type of fillet by moistening
the face of the leather and by working and
flexing the leather in the hands.

Leather fillets range in size from a 1/16 -
inch radius to a 1-inch radius. (See fig. 7-46.)
An approximate method of measuring leather
fillet stock is to measure from the point of the
angluar face to the edge of the fillet.

WAX FILLETS are occasionally used for
small fillets and for filling up holes made by
brads and screws. They may be purchased in
sizes of 1/16 "round" (diameter) to 3/4-inch
radius. (See fig. 7-47.) WAX fillets may be
classified as planted fillets, but the term
PRESSED is generally applied to wax fillets.
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Figure 7-44. Fillet irons, pattern letters, and

rapping plates.
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Figure 7-46. Leather fillets.

68.64?
Figure 7-47. Wax fillets.

A leather or wax fillet may be forced or
molded (pressed) into place by a FILLET IRON.
When used for wax filleting, the iron is heated
slightly over an alcohol lamp. The spherical
ends of the fillet iron are of different diameters.
A full set of irons provides spheres ranging
from 1/8 inch to 1 inch in diameter (in 1/16 -
inch increments). The irons should be kept clean
at all times. To remove shellac from them,

68.52 use a rag moistened in alcohol. To remove
Figure 7-45. Struck and planted fillets. glue, use a rag soaked in hot water.
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Running in Leather Fillets

Tieather fillets are usually run on patterns
when speed of production rather than durability
of the pattern is the important consideration.
They are frequently used in job shops and aboard
repair ships when relatively few castings are
to be made from a pattern. The cutting of
leather fillets and the methods used to secure
the fillet in place are discussed in the following
paragraphs.

Cutting Leather Fillets

The first step in running leather fillets is
to cut each fillet to the rough length. For a
straight corner, cut the fillet slightly longer
than the corner it is to be run in. (See part
A of fig. 7-48.) The overhanging ends are trimmed
with a sharp knife or paring chisel after the
fillet is secured to the job and the shellac or
glue has set.

For an intersecting corner (part B of fig.
7-48), the bottom fillets have their corner ends
trimmed to form a m!ter joint where they meet.
These fillets (X and Y) are run first. The
vertical fillet (Z) has its corner end trimmed
to a rounded feather edge or "fade out." It is run
last. AU are cut slightly longer than required,
then trimmed flush with the pattern edges later.

For a round boss, the length of fillet is
measured roughly by wrapping it snugly around
the boss and marking the joint with knife cuts.
See J of part C of fig. 7-48. The fillet should be
kept long enough to completely encircle the boss;
then if it is too long after being run in place,
the excess can be trimmed off with a bench
knife.

Occasionally you will find leather fillets
which are stiff and not pliable. This condition
can be improved by soaking the fillets to be run
with glue in cold or lukewarm water; those to be
run with shellac may be brushed with alcohol.

After you have trimmed the fillets to size,
you are ready to continue.

Methods of Securing
Leather Fillets

Two methods are employed to secure leather
fillets to a pattern. One method is to use shellac
as an adhesive agent and the other method is
to glue the fillets to the job.

The first method is considered the better
of the two. The shellac does not set as rapidly
as the glue; therefore, more time can be taken

A

C

A. Straight corner
B. Intersecting corner
C. Round boss

68.55
Figure 7 -48. Trimming fillets to size.

during the operation to obtain the best possible
results. Also, fillets that are shellacked are
not so readily loosened by exposure to moisture
as those attached to a pattern with glue. More
time is required to run fillets with shellac; for
that reason, glue is sometimes used on rush
jobs or on patterns which will be used only
once or twice. Fillets to be secured with shellac
are usually run on the job after the first coat
of shellac has been applied to the pattern. When
glue is used, the fillets must be run before
any shellac is applied because the glue will
not adhere properly to a shellacked surface.

A good rule to determine which method of
securing leather fillets to use is "Glue to wood
and shellac to shellac." This means use glue
to fasten leather fillets to bare wood and use
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shellac to fasten leather fillets to shellacked
surfaces.

SHELLACKED METHOD. Shellacked fillets
are usually run on a pattern after the first coat
of shellac has been applied to the pattern
surface, Sometimes, only that portion of the
pattern to be filleted is shellacked at this time;
the remainder of the job is shellacked later.
Lay the trimmed fillets on the workbench or a
piece of board with the angular faces up,,
Apply one coat of shellac to all the fillets
and allow several minutes for drying. Keep
repeating the applications until the fillets will
abso iii no mare shellac allowing several min-
utes between coats and until a sticky surface
is obtained. Usually three coats are sufficient.

Hold a fillet at one end and apply the
shellacked face to the corner. Dip the end of
the fillet iron into alcohol. Iron the fillet well
into place, and continue ironing until the fillet
is set seet.rely.

Dip the fillet iron into alcohol frequently and
wipe the end clean with a piece of vraste soaked
in alcohol. After the fillet is in place, wipe
excess shellac from the face and the surrounding
area with a piece of waste moistened in alcohol.
Hun all fillets as rapidly as possible. Allow
the fillets to become well set before doing
any final trimming that may be necessary.

GLUED METHOD. The glued fillet operation
is slightly different from the shellacked fillet
operation. Lay the trimmed fillets face down on
the workbench with the angular face of the fillet
up. Apply a coat of glue to the angular face
of the fillet to be run first. Apply only the
minimum of glue needed to hold the fillet to
the pattern. Glue is not applied to a fillet
until just before time for it to be run. If glue
is applied on all fillets at the same time, it
will chill and set before you can run them in
place. Always work rapidly during this operation.

Immediately after applying the glue, lift the
fillet off the bench by one end and place it "glue
face" to the corner where it is to be located.
Use the correct size of fillet iron and iron
the fillet well into the corner. See fig. 7-49.
Keep ironing until the fillet sets securely in
place.

Clean the fillet iron frequently with a piece
of waste clipped in hot water. Wipe excess glue
off the face of the fillet and the surrounding
pattern surface with a moist piece of clean
waste. Do any necessary trimming with a bench
knife and paring chisel after the glue has set.

68.56
Figure 7 -49. Ironing a fillet.

PATTERN LETTERS, FIGURES,
AND INSIGNIA

Pattern letters, figures, and insignia are
placed on patterns to identify the casting or the
pattern. They are also useful in the indexing
and storing of patterns. The most common
method is to put raised letters and figures
on the pattern. The letters and figures may
be obtained in various sizes, styles, and metals.
The letters and numbers most commonly used
are cast from an alloy of lead and tin, white
metal, lead, aluminum, or b_ ass. Some metal
letters are made with points, sprigs, or spurs
on the back so that they can be driven into a
wooden board or riveted to a metal plate. Others
are made without points and may either be
shellacked to wood or soldered or sweated to
metal. The sides are made with plenty of draft
so that the letters will pull away from the sand
freely and cleanly. Figure 7-50 shows the
cross-section views of a few representative
styles that are in common use.

Another method employs a special machine
to emboss the letters and figures on strips
of aluminum, zinc, or brass. These strips are
then shellacked or tacked on the pattern. (See
fig. 7-44.)

When ordering pattern letters from a pattern
supply house, consider the manufacturer's
system of packing them in assortments called
FONTS. A font is an alphabet of letters with
more of certain frequently used letters such
as the vowels A, E, I, 0, and U, and fewer
of the little used consonants such as Q, X,
and Z. A font is composed of the quantity of
each letter which experience has shown will
be needed in comparison to the frequency with
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CROSS SECTION VIEW
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68.57
Figure 7-50. Cross-section views of styles of

pattern and tablet letters.

which other letters in the alphabet will be
needed.

THE NUMBER OF A's FURNISHES THE
KEY TO THE SIZE OF THE FONT. Notice
in table 7-5 under the 10-A Font that there are
ten of each of the letters A, I, N, 0, R, S, and
T; while there sire 12 E's (20 percent more).
With this in mind, you can approximate the
amount of characters included in ANY font
because the proportions are similar for all
fonts regaraless of their size. Although fonts
vary, the size is always indicated with some
marking such as 10A, 15A, 25A, 50A, 100A, etc.

RAPPING AND LIFTING
PLATES

Rapping and lifting plates are devices pro-
vided on patterns to prevent splitting when
the patterns are rapped for loosening prior
to being drawn from the sand. They are also
helpful to the Molder in lifting the pattern out,
especially if it is large.

The plates are of various sizes and designs.
They have one or more smooth holes into which
a rapping bar is placed and struck. They also
have one or more threaded holes into which

=immwmwm.

a lifting pin is screwed to lift the pattern from
the mold. See fig. 7-44.

When rapping or lifting plates are used,
they are set below the surface of the pattera and
fastened with screws,

PATTERN COATINGS

With the exception of the final checking of
the pattern, the application of a pattern finish
is the last step in the com)letion of a pattern.
Because it is a very important step, the Pattern-
maker must know about pattern coatings
materials and their application.

When you have completed the pattern and
its core box, the surface of the pattern must
be covered with some material which will
render it hard, smooth, and resistant to the
mlisture of the molding sand. In addition, the
pattern finish should make the pattern easier
to withdraw from the mold.

Many types of pattern coatings are manu-
factured, such as pure shellac, lacquer based
coatings or plastic resins. Keep in mind that
a pattern coating used on patterns forone foundry
may not be suitable on patterns for another,
due to the differences in conditions, and the
methods and materials used in different found-
ries. However, satisfactory results can be
obtained by experimentation to select the most
desirable pattern coating.

To be successful for foundry use, a pattern
coating must:

1. Flow evealy and adhere to previously
applied coats without lifting them.

2. Have a minimum drying time between
coats.

3. Not raise the grain, which would require
sanding between coats.

4. Not blister after application.
5. Not he brittle and chip off, but must be

elastic enough to expand and contract without
cracking or checking.

6. Dry over wax fillets in approximately
the same time it dries over wood.

7. Be resistant to oil and greases.
8. Resist the heat and moisture and the

abrasive action of tne foundry sands.

To help you properly identity pattern coatings,
a brief discussion of the various coatings and
their application is given in the following
secticns,

209



PATTERN-MAKER 3 & 2

Table 7-5. Pattern Letter Fonts

10-A 15-A 25-A 50-A 100-A 10-A 15-A 25-A 50-A 100-A

CHARACTERS FONTS _CHARACTERS FONTS

A 10 15 25 5Q-7 100 4 10 15 40 80
B 4
C 7

10
10

15
20

40
40

80
100

3 8 10 25 30

6 10 20 40 80 (TOTA L 169 295 500 1055 2110
E 12 15 30 50 120 CHARAC-
F 5 10 15 40 80 TERS)

5 10 15 40 80
H 6 10 20 40 100 NUMERALS
I 10 15 25 50 100
J 4 10 15 40 80 4 10 15 50 40

4 8 10 25 70 2 3 8 10 40 30
L 7 10 30 40 80 3 3 8 10 4u 30
M 6 10 20 40 100 4 3 8 10 40 30
N 10 15 25 50 80 5 3 8 10 40 30
O 10 15 25 50 100 6 3 S 10 40 30

6 15 15 50 80 7 3 8 10 40 30
Q 3 8 10 25 40 8 3 8 10 40 30
R 10 15 25 50 100 9 3 8 15 50 30
S 10 15 30 50 100 0 5 13 10 40 50
T 10 15 25 50 100
U 6 10 20 40 60 (TOTAL 33 87 110 420 330
V 4 8 15 25 60 NUMERALS)
w 4 10 15 40 80
X 3 8 10 25 30 TOTAL 202 382 610 1475 2440

Shellac

SHELLAC is used on patterns more than
any other protective material because df its
ability to dry rapidly and to contract. It forms
a smooth, hard surface, which is essential to
the easy drawing of a pattern from the molding
sand. Shellac also seals the pores of the wood
of the pattern against taking up moisture from
the damp sand used in the foundry.

Shellac may be purchased for use in the
pattern shop in two forms: dry flake shellac
and liquid shellac. In Nay shops, it is purchased
in the dry state for convenience in handling
and storage. It comes in the form of very thin,
swill flakes of a bright amp er color. Flake
shellac should be stored in a cool, dry place
and kept tightly covered so that dirt and wood
chips will not get into it. Only enough shellac

68.189

is prepared at one time as is needed for a
short period. The preparation and storing of
shellac are very important in obtaining a good
pattern finish.

To mix shellac, fill a glass container or
earthenware crock about three-quarters full with
shellac flakes. Add denatured (ethyl) alcohol
until it stands about 1/2 inch above the flakes.
One gallon of denatured grain alcohol is needed
for three or four pounds of flakes. The use
of _wood (methyl) alcohol or other solvents is
not advisable since such solvents retard the
proper drying of the shellac and affect its
durability.

The mixture should be stirred and then
allowed to stand for a day or more. Every few
hours it should be stirred until all the flakes
are dissolved.
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Liquid shellac should never be stored in
metal containers or it will become discolored.
It should be kept in a cool place where the sun
will not strike the container. After the flakes
have dissolved thoroughly, strain the mixture.
With string, tie two or three layers of gauze
sheets or cheesecloth over the mouth of an
empty crock. (See fig. 7-51.) Slowly strain the
shellac into the empty crock, using a copper
dipper to transfer the mixture. Copper is less
susceptible to attack from the solution than
most metals and will not discolor the shellac.
The straining removes most of the foreign
matter and grit. Drain the first crock to within
one-half inch of the bottom and discard the
rev ; atnder. This portion contains grit and other
foreign bodies that will pass through the cloth
if an attempt is made to strain it. Remove
and discard the gauze. Place the dipper in a
container of alcohol to prevent shellac from
accumulating on it and hardening. Place a cover
over the crock to keep it clean and to prevent
the alcohol from evaporating.

When filling individual shellac pots from
the prepared supply, use the copper dipper.
When finished, place the dipper in the container
of alcohol; do not leave it it the full crock
of shellac. Always repluce the cover on the
crock. If the shellac is found to be somewhat
foggy or discolored, it may be CLEARED by
the addition of a very small amount of oxalic
acid crystals (1 teaspoonful for each 2 or 3
quarts). If it is too thick, thin it by adding E.
small amount of alcohol and stirring until the
proper consistency is attained.

Although care is needed in the preparation
of shellac, it is equally important that the

Figure 7-51. Straining shellac.
68.58

shellac be kept in suitable containers that will
give it proper protection when it is not being
used. Many designs of shellac pots are made;
however, the principal object, regardless of
design, should be to keep the contents tightly
covered and clean at all times. Shellac should
be strained through gauze or cheesecloth when
being poured into a shellac pot.

Good shellac should be a light golden yellow
or orange color and very transparent. Rhould
be fairly thin (much thinner than paint) am. free
of dirt or wood chips.

Shellac prepared in this way is known com-
mercially as "orange shellac," but in the shop
it is commonly called "yellow shellac." Pig-
ments can be added to the shellac to make it
red or black for use in indicating certain details
of the pattern. If pigments are added, the shellac
must be thinned with alcohol to make it brush
smoothly.

Shellac brushes should be of good quality
bristles. Brushes used are from 1 inch to
2 1/2 inches wide, depending on the size of the
work being done. The brushes in use should
be suspended in the shellac but not left standing
in the shellac pot. Standing will bend the bristles
and eventually ruin the brush. Brushes not
in use should be carefully washed out in alcohol
and stored away from dust and dirt.

Before you start to shellac a pattern, inspect
the surface to make sure that all sanding has
been completed and that all glue has been
removed from the face of the pattern. Wood
surfaces should be thoroughly sandpapered to a
smooth finish and brushed or blown free of
all dust before shellac is applied. Inspect the
shellac pots to see if the shellac needs thinning
or clearing. If the shellac contains any foreign
matter, throw it out and refill the pots with
clean shellac.

The first coat of shellac applied to a pattern
should be the natural uncolored shellac. If black
or red shellac is applied on the first coat,
the solution tends to run along the grain of
the wood in much the same manner that ink
spree* s over the surface of a blotter, the lines
of demarcation between the different colored
shellacs will not be clear-cut.

Dip the brush into the shellac and remove
the surplus by drawing the bristles over the
dowel crossbar at the top of the shellac pot.
Apply the shellac to the job with long strokes
of the brush and with the brain whenever
possible. Shellac dries quickly and must be
applied rapidly. Shellac spreads more uniformly
if applied with the grain. Avoid overlapping
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previous applications and brush the shellac out
to a smooth surface. Always pass the brush
in an outward direction from the job, or else
the sharp edges will scrape shellac from the
brush and create an accumulation that win
drip or run down the edge of the work.

Allow the shellacked job to dry for a pout
one hour. Fill in all nail holes, screw holes,
ctc. Inspect the job carefully to see if all the
shellac is dry. The job will feel rough due zo a
slight raising of the soft -grain portion of the
wood surface. The soft wood cells absorb some
of the alcohol in the shellac and swell. Also,
a certain amount of dust particles from the
surrounding atmosphere settl:ts on the surface
of the work.

Sandpaper all shellacked surfaces. After all
sanding operations have been completed, brush
the joh off thoroughly with the bench brush,
The job is now ready to have its different
parts shellacked according to their respective
colors. First, shellac all parts of the job that
are to be yellow and allow them to dry. Next,
shellac all parts that are to be black. Last,
shellac the red parts. Where one color leaves
off, be careful to make a neat, true line of
demarcation. Ragged lines spoil the appearance
of the work. Be careful not to slop the shellac
on the job. Keep the work neat at all times.
Do a thorough job when shellacking the pattern,
especially if it is to be used with synthetic
sands in the foundry.

As many coats of shellac can be added as
are desired; however, each coat should be
allowed to dry thoroughly and be carefully sanded
before the next coat is applied. Usually three
coats of shellac are sufficient. After applying
the final coat of shellac, allow it to dry
thoroughly. Then, tear a sheet of 4/0 sandpaper
into four equal pieces. Dull one of the pieces.
Very lightly rub each shellacked surface to
remove any signs of roughness. Brush the job
off carefully with the bench brush. Rub all
surfaces thoroughly with a clean piece of waste
or soft cloth.

When shellacking hardwood patterns the
shellac should be much thinner than that used
on redwood and pine. Hardwood does not absorb
as much of the shellac as the softer woods
absorb, so that the shellac has a tendency to
pile up and produce an irregular, gummy
surface.

Lacquer and Synthetic
Plastic Resin

Although shellac for many years has been
the accepted standard protective coating for
patterns, lacquers and synthetic plastic resins
have come into use recently. It is claimed that
these new coatings are superior to shellac
because they produce a surface that is smoother,
harder, tard more resistant to moisture. There
is also less of a tendency for foundry sand to
stick to lacquer and plastic coatings.

LACQUER is available in various colors and
can be applied to the pattern by spraying, dipping,
or brushing. Several thin coats are better than
a single thick coat. If wax fillets have been
used on a pattern, you must coat them with
shellac before applying the lacquer. If they
are not coated, the wax will prevent the lacquer
from hardening and will cause the sand to stick
to the pattern. Lacquer solvents evaporate very
quickly; and you must remember to add thinner
from time to time. Most of the lacquer solvents
are flammable and toxic, and appropriate safety
precautions must be taken to prevent fire and
to provide adequate ventilation.

SYNTHETIC PLASTIC RESIN coatings are
said to be ideal for wood patterns that are
designed for prolonged and hard usage in the
foundry. Patterns to be coated with plastics
must be made from well-seasoned lumber and
must be sanded smooth. Wax fillets must not
be used. A filler or undercoat of lacquer is
desirable before applying the plastic. The
desired coloring pigment is usually added to the
lacquer filler coat. Sand the filler coat smooth
and then apply the plastic resin. Follow th-..
manufacturer's instructions in mixing the plash-,
resin, catalyst, and thinner. Each coat must
be air-dried and then baked in an oven at
1400 F for 2 hours before applying the second
coat. Two or three coats are usually applied.
If well-seasoned lumber has been used in the
construction of the pattern, the curing of the
resin in the oven will have no harmful effects.
Shellac must not be used as an undercoat be-
cause it will blister under the heat required
to cure the plastic resin coating.

PATTERN COLOR CODES

In order to designate certain parts of the
pattern, the practice of painting the patterns
various standardized colors have been adapted.
The coloring of the various parts of the pattern
prevents embarrassing and costly mistakes in

212



Chapter 7 PATTERN CONSTRUCTION TECHNIQUES

the foundry; the Molder can tell at a glance
what the molding routine should be. In addition,
the coloring is used as an aid in getting all
of the pattern parts properly assembled. For
example, one color may be used to represent
that part of a pattern which, when cast, will
be in the "as-cast" condition. Another color
may be used to show other parts representing
the core prints or orojection(s) for the openings
of a hollow casting.

Standard Pattern Color Code 1932

Ohe method of standardizing the pattern color
code has been prepared and adopted by the
American Foundrymen's Society (formerly the
American Foundrymen's Association). This color
code has been approved and recommended for
Navy use by the Naval Ships Systems Command.
This color code known as the STANDARD
PATTERN COLOR CODE-1932 is illustrated
in figure 7-52 and Is as follows:

1. Black identifies surfaces to be left un-
finished.

2. Red identifies surfaces to be machined.
3. Alternating red and yellow diagonal

stripes identifies seats of and for loose
pieces.

4. Yellow identifies core prints and seats
for loose core prints.

5. Alternating black and yellow diagonal
stripes identifies stop-offs.

6. (Optional) A white line may be used for
the indication of any change in the direction
of draft.

This pattern color code has been adopted as
standard practice by the Joint Committee on
Pattern Standardization, which is sponsored by
the Amerivan Foundrymen's Society and consists
of official representatives from various national
organizations. This standard was approved as
the American Tentative Standard B-45, 1 1932
by the American Standards Association, and as
Commercial Standard CS 19-30 by the Bureau
of Standards, U. S. Department of Commerce.

Tentative Standard Pattern
Color Code 1958

Another method of standardizing the color
code is the TENTATIVE STANDARD PATTERN
COLOR CODE which may be adopted for new
patterns. All new patterns should be painted

in accordance with the standard practice adopted
as of 1958 by the Pattern Colors Committee,
Pattern Division, American Foundrymen's
Society. This standard, illustrated in figure 7-53
is as follows:

1. Clear coating identifies unfinished cast-
ing surfaces, the faces of core boxes, and the
pattern or core box parting faces.

2. Redidentifies surfaces to be machined.
3. Aluminum identifies seats of and for

loose pieces.
4. Black identifies core prints and seats

for loose core prints.
5. Green identifies stop-offs.
(Optional) A white line may be used for

the indication of any change in the direction
of draft.

Molder's Blueprint

Places where cores will cut through to the
exterior of the casting, as well as the core
outline on the joints of parted patterns, are
indicated by the same pattern color as are
core prints. This is called the MOLDER'S
BLUEPRINT and should be included as standard
practice. Painting the parting surfaces in this
manner will prevent the possibility of positioning
cores end for end and will eliminate costly
mistakes.

METHODS OF CONSTRUCTING
PATTERNS

As a PM3 or PM2, you must be proficient
in the use of handtools and power tools; 'low-
ever, your real success will depend on your
ability to utilize different methods of construction.
Making a pattern that can be used as a tool
by the Molder to produce a sound, usable
casting, requires that you be familiar with all
styles of construction. In addition, you must
have the necessary knowledge of foundry work
to construct a pattern so that there will be no
waste time in the foundry, and so that the
casting will be as nearly perfect as can be
expected. The ability to construct the pattern
develops with practice and experience, as does
skill in the use of tools.

In pattern construction, careful consideration
must be given to the direction of the grain in
the wood in order to:
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1. Minimize end grain or short grain.
2. Obtain a pattern of maximum strength.
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3. Utilize the direction of grain to counter-
act the warpage of adjacent pieces.

4. Avoid cutting or planing against the grain
during the actual construction.

5. Provide a smoother draw from the mold.

The actual construction of the pattern is
determined by the number of castings to be
made from it, or its proposed use. Some of
the methods of pattern construction are:

1. SOLID CONSTRUCTION (fig. 7-54).
A pattern shaped from one piece of pattern
material.

2. ONE PIECE BUILT-UP CONSTRUCTION
(fig. 7-55). A pattern not necessarily made
from one piece of wood. It can be a series of
pieces formed to make a certain shape, but
the pattern will be in one piece.

3. PARTED CONSTRUCTION (fig. 7 -56).
A pattern made in two or more parts. (Col-
lapsible patterns fall under th:s category.)

4. SEGMENTAL CONSTRUCTION (fig.
7-57).A pattern built up in a series of courses
(segments) with the alternating end joints
arranged midway between those of the preceding
course.

5. STAVED CONSTRUCTION (fig. 7-58).
The attaching of staves to polygonal headers
in the building of cylindrical bodies. It is also
used for semicircular cavities.

6. LAGGED CONSTRUCTION (fig. 7-59).
The fastening of narrow strips about batten
foundations so shaped as to follow a line parallel
to the contour of the pattern.

7. STEPPED-UP CONSTRUCTION (fig.
7-60). So called because the material, when
fastened together, resembles steps.

Figure 7-54.Solid construction.

Figure 7-55.One piece built-up
68.191

construction.

....1, """-----.----..----.--+ .
68.192

Figure 7-56.Parted construction.

68.190 68.193
Figure 7-57. Segmental construction.
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68.194
Figure 7-58. Staved construction.

68.195
Figure 7-59. Lagged construction.

68.197
Figure 7-61. Skeleton construction.

8. SKELETON CONSTRUCTION (fig.
7-61). Is a framework representing the interior
and exterior shape and the metal thickness of
the required casting.

9. FAN CANT CONSTRUCTION (fig.
7-62). Form of stepped-up work with the grain
of the wood radiating from a common center.
Used in the construction of propellers when the
diameter is less than 4 feet.

10. CROSS CANT CONSTRUCTION. Form
of stepped-up work with the grain of the wood
running in a transverse direction. Used in the
construction of propellers when the diameter is
more than 4 feet.

The various construction methods and tech-
niques for the different types and kinds of
patterns are discussed in various sections
throughout this training manual.

CONSTRUCTING
WOODEN FLASKS

As a PM3 or PM2, you must be familiar
with the design and methods for making pattern
flasks for the foundry.

A FLASK is a metal or wooden boxlike
frame in which the mold for a casting is made.
It may be rectangular, trapezoidal, or round
in shape. Most molds require at least two flask
sections so that the mold can be opened to remove
the pattern. The upper section is called the
COPE; the lower section is called the DRAG.
In three-part flasks, the middle section between
the cope and the drag is known as the CHEEK.
Each flask section is made to fit perfectly with
its mating section or sections by the alignment
of the flask pins with the flask pin holes. There

68.196 are many flask designs available, but the
Figure 7-60. Stepped-up construction. siandard flask section used by the Navy is the
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Figure 7-62. Fan cant construction.

interchangeable type. In other words, the
individual flask sections can be used inter-
changeably as either cope, drag, or cheek
sections. Flasks may be used in either bench,
machine, or floor molding procedures. Most
corn-nercial flasks are made of cast iron,
aluminum, or pressed steel, and are equipped
with two or wire lifting handles for ease of
manipulation in lifting off, rolling over, and
closing the cope. For very large or special
floor molds, the flask sections are usually
fabricated out of plate steel stock bolted, riveted,
or welded together. These very large flasks
are equipped with one or two trunnions at each
end for convenience in attaching a crane, hoist,
or chain-fall.

The flasks shown in figure 7-63 are typical
of those available in Navy foundries. The flask
in view A is the standard two-man, double-lug,
interchangeable flask. This type is used almost
exclusively by Navy Molders. A one -man, single-
lug flask is shown in view B; a circular flask
in view C; and a wooden snap flask in view D.
The steel flasks shown in views A, B, and C
are much alike in appearance and use; snap

23.111:.112

flasks (view D) are a bit different and warrant
additional discussion.

SNAP FLASKS are wooden or metal boxlike
frames made with hingcm at one corner and with
latches at the opposite corner. Snap flasks are
always made in sets: that is, the cope and drag
sections are not interchangeable, and the cope
depth is usually greater than that of the drag.
After the mold is rammed, the latches are
opened, the flask is spread apart, and is lifted
off the mold. A wooden box or a lightweight
metal SLIP-JACKET is slipped 'ver the mold.
Weights are placed on top of the cope. The
slip-jackets keeps the mold from crumbling
under the weight of molten metal and the pres-
sure which develops as the casting is poured.
The weights tend to act as clamps in holding
the several parts of the mold together and in
preventing metal run-out at the parting line.
Snap flasks are used extensively in production
foundries because they eliminate the need for a
large number of small standard flasks. By
using a snap flask and slip-jackets, a Molder
can ram up a large number of molds with
one flask. As the poured castings solidify, the
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A

C

Figure 7-63. Molding flasks.

slip-jackets may be removed and slipped over
the next line of molds to be poured.

102.12X

Because of limited shipboard stowage facil-
ities only those flask sizes considered essential
are available. However, from time to time a
flask larger than the standard 30" by 30" by 8"
flask may be necessary. The Patternmaker will
then be called upon to build the special flask for
the particular molding job. In deciding upon the
methods of construction, the Patternmaker will
take into consideration the materials available;
the size, shape, and weight of the casting; the
kind of metal to be poured; the space allowance
for the gating and risering systems; the numbq
of times the flask is to be used; and the flask
accessories required such as flask pins, bars,
and lifting handles.

The flask must be made strong enough to
withstand the rough usage it will get in the
foundry. Wooden flasks are made with dado or
housed joints and are often reinforced with
metal supports and tie bars. Fir, yellow pine,
white pine, or oak are the kinds of wood used
in flask construction. Oak is usually used for
extremely heavy castings. Yellow pine or fir
is more frequently used in wooden flask con-
struction because of its relatively low cost and
great durability. (See fig. 7-64.)

A wooden flask is made with the sides
extending beyond the two ends a distance of
6 to 8 inches. These extensions serve as handles
for the Molder, in lifting off and closing the
cope. For large flasks that are to be handled

23.223X
Figure 7-64. A wooden flask.

by crane or hoist, two trunnions are fastened
to the flask at opposite ends. The Patternmaker
will also aid the Molder by constructing such
accessories as molding boards, bottom boards,
wedges, riser heads, and flask bars necessary
for the specific molding job for which the flask
is to be used.

JIGS

In building patttrns, there will be many
occasions when you will have to call upon your
own experience and ingenuity to devise and
construct a means of holding a particular odd
or circular shaped pattern member in order to
cut or shape it, scribe lines on it, or position
one pattern member to another. The means that
you devise is called a JIG.

A jig, as used in patternmaking, could be
described as any device used to mechanically
maintain the correct position between one piece
of work to another or a piece of work and a
tool.

When constructing a jig, the points to consider
are:

1. The jig must hold the pattern member in
such a way that the member cannot shift or
change position.
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2. The jig must not damage the pattern
member.

3. The jig must be made accurately so that
the desired precision can be attained.

4. The jig must be safe to use.

Figures 7-65 and 7-66 illustrate two types
of jigs.

The jig template is a combination template
and jig. Any jig that has the outline of a cut to
be made scribed on its surface or supports a
separate template is called a Jig template.

Figure 7-67 illustrates one type of Jig
template.

23.126X
Figure 7-66. Using a ball-shaped Jig and band-

saw to shape bevel gear teeth.

PATTERNS FROM OLD
CASTINGS

There may be emergencies when time will
not permit the making of a new pattern. On
such occasions, the old casting may be used as
the pattern. Additional material must be added
to the old casting to allow for the shrinkage of
the metal in order that the new casting will
not be too small. Plastic lagging material is
supplied in sheets for this purpose. (See fig.r 7-68.)

Before applying the lagging material, the
surface of the old casting is clqaned and
smoothed. Then, the sheet lagging material is
cut into pieces and immersed in a solvent known
as methyl-ethly-ketone. As soon as these pieces
become very pliable and sticky, they are applied

23.130X to the casting. They will shape very easily,
Figure 7-65. Shaping the worm gear thread by even on the irregular surfaces, with pressure

using a Jig and bandsaw. from the fingers.

B
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JIG
TEMPLATE

23.124
Figure 7-67. Jig template and sanding roller

for shaping gear teeth.

When the ketone has evaporated, the lagging
material will adhere firmly to the casting. The
lagging material shrinks in thickness after dip-
ping and drying. If a greater thicimess is desired
on a surface, additional layers of lagging
material may be applied to the original layer.
When dry, the outer surface of the lagging
material is relatively hard and may be sanded
and lacquered to a smooth surface.
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68.97X
Figure 7-68. Application of plastic lagging

material.

CAUTION: Methyl - ethyl - ketone is highly
flammable, volatile, and toxic. Use it in a well
ventilated area. Avoid prolonged or repeated
contact with skin and avoid breathing the vapors.
Be sure to take the proper precautions to
eliminate the hazards of fire and explosion.

In addition to applying plastic lagging material
to the old casting to compensate for the shrinkage
of the metal, the old casting must be prepared
as follows:

1. All surfaces are to be clean and smooth
so that they will draw from the sand.

2. Small holes such as tapped and drilled
holes are to be filled.

3. Missing parts or surfaces are to be built
in.

4. Machined surfaces are to be built up.

5. Core prints (if necessary) are to be added
and core boxes provided.



CHAPTER 8

SHOP MATHEMATICS

Mathematics is as important to you as a
Patternmaker as are manual skills and good
tools. It is a universal language that enables
you to understand measurements and values
written by a foreign speaking designer as well
as those written by an English speaking designer.

As a PM, you will constantly be working with
fractional measurements, calculating quantities
of materials, and developing geometric outlines
just to mention a few of the applications for
mathematics that you will encounter.

This chapter is not meant to be a complete
text in shop mathematics. Instead, it is a review
of the basic mathematical knowledge you will
need as a PM3 or PM2 and a guide to some of
the applications of that knowledge.

Tables of weights, measures, and equivalents
are useful references when solving many of the
mathematical problems you will encounter as a
Pattermnaker. Tables 8-1, 8-2, 8-3, and 8-4
are referenced at appropriate points within this
chapter; other tables (Tables 8-5 through 8-9)
with which you should be familiar are located at
the end of this chapter.

If you desire further study of mathematics,
you can obtain the following manuals through
your Information and Education Office:

Mathematics Vol. 1, NAVPERS 10069-C
Mathematics Vol. 2, NAVPERS 10071-B
Mathematics Vol. 3, NAVPERS 10073-A
Engineering Aid Programmed Mathematics,

Part 1, NAVPERS 94469-1
Engineering Aid Programmed Mathematics,

Part 2, NAVPERS 94469-2
Engineering Aid Applied Mathematics Work-

book, NAVPERS 94470
Gene r a 1 Mathematics for Construction

Ratings, NAVPERS 94415
PREP-TEXT Mathematics Series, Volumes

1 through 8, NAVPERS 93492-1 through
93492-8.

FUNDAMENTALS
OF MATHEMATICS

A broad definition of the term Mathematics
is; that science which deals with the relationships
which exist between quantities and operations,
and with methods by which these relationships
can be applied to determine unknown quantities
from given or measured data. The fundamentals
of mathematics remain the same no matter to
which field they are applied. Mathematics has
been divided into a number of different branches.
You will be principally concerned with four of
these branches; ARITHMETIC, ALGEBRA,
GEOMETRY, and TRIGONOMETRY.

Arithmetic is that branch of mathematics
which deals with the simple computation of
real numbers by using addition, subtraction,
multiplication, and division.

Algebra is a branch of mathematics in which
letters and symbols are used in place of numbers
or values to construct equations in accordance
with established mathematical rules.

Geometry is that branch of mathematics
which investigates the relations, properties, and
measurement of solids, surfaces, lines, angles,
graphs, etc.

Trigonometry is the study of the properties
of triangles and of trigonometric functions and
their applications.

COMMON FRACTIONS

Common fractions are used extensively in
patternmaking as most of your measuring devices,
such as the standard rule and the shrink rule,
are divided into common fractional increments,
i.e., 1/2", 1/4", 1/8", etc.

The common fraction can be defined as a
simple method of dividing a whole number or
object into any number of equal parts such as
dividing one inch into four equal parts or dividing
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a line into four equal parts. These equal parts
would then be defined as increments of one
fourth and we would 'ow that four increments
would equal the whole ntimber or object. Any
part less than the whole would be written as
a common fraction such as 1/4" or 3/4". It
can also be said that a fraction is an indication
of division.

The common fraction contains two parts;
the DENOMINATOR and the NUMERATOR. The
denominator shows into how many equal parts
the whole is divided and the numerator shows
the number of these equal parts that are being
considered.

Example: 5 Numerator
8 Denominator

Some common fractions have EQUIVALENT
fractions. Equivalent fractions are fractions that
are equal in value.

Example: 4/8 = 2/4 = 1/2

When a fraction has been changed to an
equivalent fraction with smaller numbers in the
numerator and denominator, it has been reduced
to lower terms.

To reduce 2/8 to its lowest terms, divide
both the numerator and the denominator by 2
which is the largest COMMON DIVISOR to both
the denominator and the numerator. When a
fraction cannot be reduced any further, it has
been reduced to its lowest terms.

Example: 2 4. 2 = 1
8 2 4

To raise a fraction to higher terms, simply
multiply both the denominator and the numerator
by the same number.

To add fractions with the same denominator,
add the numerators but leave the deno nator
the same.

Example: 3/8 + 1/8 + 1/8 = 5/8

To add fractions that have different denomi-
nators, change the fractions to equivalent
fractions having the same denominator and then
add the numerators and place the sum over the
denominator.

Example: 1/4 + 5/16 = ?
1/4 us 4/16 therefore
4/16 + 5/16 = 9/16

In addition, as well as subtraction, having a
COMMON DENOMINATOR is an essential factor.
A common denominator of several fractions is
any number that can be exactly divided by their
denominators. You should always use the smallest
possible number for the denominator. This is
called the LEAST COMMON DENOMINATOR.

To find the least common denominator, take
the largest dennrninator and proceed in multiples
of that denominator until you find the smallest
number that io divisible by the smaller denomi-
nators. Therefore, the least common denominator
for 2, 4, and 10 would be 20.

To subtract fractions havingdifferentdenomt-
nators, change the fractions to equivalent
fractions having a common denominator and then
subtract the numerators and place the difference
over the common denominator.

Example: 3/4 - 3/16 = ?
3/4 = 12/16 therefore,
12/16 - 3/16 ss 9/16

A fraction in which the numerator is equal to
or larger than the denominator is an IMPROPER
FRACTION. Examples of improper fractions are
21/6, 8/8, and 5/4.

A number that Is made up of a whole number
and a PROPER FRACTION (a fraction where
the numerator is always less than the denomi-
nator) is called a MIXED NUMBER. Examples
of mixed numbers are 1 3/4, 2 1/2, and 8 3/16.

In order to change an improper fraction to
a mixed number or a whole number, divide the
numerator by the denominator and write the
whole number that results. If there is a
remainder, put it over the denominator and
write the resulting proper fraction next to the
whole number.

Example: 25/6 se 4 1/6 or
25 by 6. 4 1/6

To change a mixed number to an improper
fraction, change the whole number to an equiva-
lent fraction and then add the equivalent fraction
to the fraction in the mixed number.
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To multiply fractions, place the product of
the numerators over the produc 'he denomi-
nators and reduce the resulting IL .etions to its
lowest terms.

Example: 2/3 x 3/4 = ?
2x 3 = 6
3 x 4 = therefore,

12
2/3 x 3/4 = 6/12 or 1/2

In order to multiply a proper or an improper
fraction by a whole number, multiply the numer-
ator of the fraction by the whole number and
place the product over the denominator.

Example: 11 x 7/8 ?
11 x 7 = 77 therefore,
11 x 7/8 = 77/8 or 9 5/8

To multiply a mixed number by a whole
number; either change the mixed number to an
improper fraction and multiply by the whole
number or consider the mixed number as the
sum of a whole number and a proper fraction
and multiply each part by the whole number,
then add the products.

Example: 1 7/8 x 3 = ?
15/8 x 3 = 45/8 or 5 5/8

DECIMAL. FRACTIONS

The decimal fraction is Just as important
to you as a Patternmaker, as are common
fractions, as most blueprints are dimensk ued
in decimal fractioub.

A decimal fraction is a fractionwt.:ise denomi-
nator is 10 or some power of 10 such as 100,
1,000, or 10,000. Thus, 7/10, 12/100, and
125/1,000 can be written as decimal fractions.

Decimal fractions use the decimal point to
taice me place of the denominator of the common
fraction.

Example: 7/10 = .7
and

12/100 = .12
In a decimal fraction, the number of digits

after the decimal point indicates the number of
zeros in the denominator of the equivalent common
fraction.

Example: .7 (one digit) = 7 tenths or 7/10
.19 (two digits) = 19 hundredths or

19/100
.005 (three digits) = 5 thousandths

or 5/1000

In order to add decimal fractions, the only
rule to remember is that the decimal points
m tst be in line. Otherwise, they are added as in
columns as in any other simple additionproblem.'

Example: 105.1256 + 7.15 + 12.625 =
124.9006 or,

105.1256
7.15

12.625
T.14.936

When subtracting decimal fractions, the same
rule applies.

Example: 4.83 - 2.75 = 2.08 or,

4.83
-2.75
2.08

When multiplying decimal fractions, write
the numbers as in multiplying whole numbers.
It is not necessary to have the decimal points
in line.

The total number of places in the product
mast be equal to the number of decimal places
in the multiplicand plub the multiplier.

Example: Multiplicand 39.744
Multiplier .5
Product 19.8720

When dividing by whole numbers, the quotient
must contain as many decimal places as the
decimal fraction that was divided (dividend).

.0031 Quotient
Example: Divisor 62I:172 Dividend

186
62

When dividing by decimal fractions, the divisor
must be converted to a whole number. This is
clone by moving the decimal point to the right.
You must also move the decimal point in the
dividend the same number of digits.

Example: .35 ).1522 would be changed to

35. 19.22 and

.279) 680.588 would be changed to

279.
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Always carry your division computations out
one more digit than you need and then round off
the results If the last number is 5 or more, add
1 to the preceding number. If the last number is
less than 5, leave preceding number
unchanged.

To explain further, let's suppose that you
require an answer in thousandths (.000). In order
to ronn1 vi 1.0 thousandths, you will carry your
division out to ten thousandths (.0000) and then
round off as explained in the preceding paragraph.

Example: 5 or more
.7857 rounded off to the nearest
thousandth would be .786.

Less than 5
.7853 rounded off to the nearest
thousandth would be .785.

When converting a decimal fraction to a
com.-non fraction, simply write the decimal
fraction as a common fraction (.75 = 75/100)
and reduce the resulting common fraction to its
lowest terms which in this case would be 3/4.

Comnon fractions can be converted to decimal
fractions by dividing the denominator into the
numerator.

.3125 or
Example: 5 Numerator equals 16jw

16 Denominator

5 = .3125
16

PERCENTAGE

Percentage can be defined as the expression
of numbers in terms of hundredths. The sign
used to indicate percentage is % and is called
the PERCENT sign. There are three terms
applied to percentage problems: BASE, RATE,
and PERCENTAGE. The number upon which the
percent is calculated is the BASE, the amount
of the percent is the RATE, and the result of
the calculations made with the base and rate is
called the PERCENTAGE. For example, 2% of
$125.00 equals $2.50. The rate of 2%, $125.00
is the base, and $2.50 is the percentage.

Percentage is calculated as a decimal fraction.
Therefore, the rate must be converted to a
decimal fraction. For example, 2% and 25%
would be converted to .02 and .25 respectively.
A rate of 100% would be written as 1.00, 225%
as 2.25, etc.

In order to find percentage, convert the rate
to hundredths and multiply the base by the rate.

Example: 8% of $240.00 = $19.20 or

$240.00 (base)
.08 (rate)

$19.20 (percentage)

Example: 125% of $16.55 = $20.69 or

$16.55

$20.6875 rounded off to $20.69

In order to find the base when the percentage
is known, divide the percentage by the rate.
Thus, if 4% yielded a return of $4.00, how much
money was originally invested?

base
(rate) 4% $4.00 (percentage) or

100.00 (base)
.04 } $4.00 = 4 .5(76:61:7 therefore,

base equals $100.00

To find the rate when the base and the per-
centage are known, you must divide the base into
the percentage. Thus, if $100.00 yielded a return
of $4.00, what was the rate of return?

rate
(base) $100.00) $4.00 (percentage) or

.04 (rate)
10000.) 400.00 therefore,

rate = 4%

A mathematical definition of the term
"equation" must be understood in order to
progress, without confusion, into more complex
mathematics.

The term, equation, comes from another
term, equate, which means; to make equal.
Therefore, we can say that an equation is a
mathematic comparison of equal values. The
formula for finding the circumference of a circle
is an equation with letters and a symbol substi-
tuted for numbers which states thatC (circumfer-
ence) equals it (Pi or 3.1416) times D (diameter)
or. C VD.

This formula tells us that if we were to
multiply the constant by a known diameter (D),
the product of our multiplication would equal the
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circumference (C) of that particular circle.
Therefore, C is an equal value to Tr D.

Another way to look at an equation would
be to compare it to a simple balance scale such
as the one in view A of figure 8-1.

The fulcrum (balance point) of the scale is
the same as the equal sign of an equation. Now,
if we add the value "C" to one side of the scale,
as in view 13 of figure 8-1, our scale is out of
balance. In order to balance the scale, we must
add the equal value of r D as in view C of figure
8-1.

Notice, that in order to balance the scale,
we had to add equal values to both sides. If we
were to subtract from either side, our scale
would, again, be out of balance. Therefore, we
would have to subtract an equal value from the
opposite side in order to re-balance the scale.
The point of this is, that if anything is done vo
one side of an equation, it must also be done to
the other side in order to kLep the equation in
balance.

POWERS AND BOOTS

The power of a value, which can be a number
or a letter symbol, indicates a process of
multiplicction and is always identified by a
number, in small print, placed at the uneer
right of the BASE number or letter syr&,31.

Example: 33

The number in small print is called an
EXPONENT which tells you how many times the
base value is to be multiplied by itself.

Example: 3' = 3 X 3 X 3,
3' = 9 X 3
31 = 27

me exponent z is called the SQUARE and the
exponent' is called the CUBE. We could say

FULCRUM/

A B

C lID

A

C

Figure 8-1. Balancing an equation.

three cubed or the cube of three and it would
be understood that the base number three is to
be taken to the third power (3) as in the above
example.

The process of determining ROOT is the
inverse of raising a base number to a power
and is indicated by a symbol called the RADICAL
SIGN. The number contained in the radical sign
is the RADICAND and the number in small
print situated to the upper left of the radical
sign is called the INDEX,

3,---
Example: .V 27

radical sign --r--
radicand = 27
index = 3

In the example above, you are looking for
the cube root of the radicand 27, in other words,
the base number that can be multiplied by itself
three times and equal the radicand. In this case,
the base number is 3 or you could say that, the
cube root c,f 27 is 3.

If the index number is 6 then you would
solve for the base number that can be multiplied
by itself five times and equal the radicand.s,

Example: 3125 = 5 or inversely
55 (5 x5x5x5x 5) = 3125

If no index number is present, then it is
understood that you must solve for SQUARE
ROOT; the base number that can be multiplied
by itself to equal the radicand.

Example: Ary = 3 or inversely
3" (3 x 3) = 9

The steps of procedure for EXTRACTING
(solving) square root are:

1. Start at the decimal point and, working
in both directions, separate the number into
two digit groups.

r xample:
1121.4826,

If, on either side of the decimal point, there
is an odd number of digits, add a zero at either
end of the number.

68.219 Example: 11W13.ig would become
071243.6950
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2. Place the decimal point in the quotient
directly above the decimal point in the radicand.

Example: "Fit

3. Find the largest number whose square is
equal to or less than the first group of digits.
This number is the first digit of the quotient.
Write this number above the first digit group.

7.
Example: 1154.6121,

4. Write the square of ti number under
the first digit group.

7.
Example: 51/-7.6122

_42

5. Subtract the square of the number from
the first digit group and bring down the next
digit group.

7.
Example: 511-71:.6121

49
561

6. Double the first digit of the quotient and
write the sum just to the left of the results of
step 5. This number Is called the TRIAL DIVISOR,

7.
Example: flng

49
14) 561

7. Determine how many times the trial
divisor will divide into all but the last digit of
the remainder and write this number in the
quotient above the second group of digits and also
to the right of the trial divisor.

7. 3
Example: lerg617, .

49
1431161

8. Multiply the new trial divisor by the last
digit of the quotient a43 x 3) and subtract the
product from the remainder. Bring down the next
pair of digits.

NOTE: 14 will divide into 56 exactly 4
times. However, if 4 were added to the
trial divisor, making the trialdivisor 144,
the product of 144 x 4 would be l trgcr
than the remainder.

7. 3
Example:

49
5-yntOi.

1431561
429
13221

9. Double the first two digits of the quotient
to obtain a new trial divisor and write this
number to the left of the remainder.

7. 3
Example: lrg, .6721

49
143561

429
146 13221

10. Determine how many times the new trial
divisor will divide into all but the last digit of
the remainder and write this number in the
quotient above the third group of digits and
also to the right of the trial divisor.

9
Example: y 54.6121

49 `-`
143561

429
1469 13221

11. Multiply the trial divisor by the last
digit of the quotient and subtract the product
from the remainder.

7. 3 9
Example: 54.6121

49
143 561

429
1469 13221

13221

12. Prove the problem by multiplying 7.39
by itself.

RATIO ANI) PROPORTION

Ratio and proportion is a form of mathematics
whereby many problems may be solved more
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quickly and also minimize the chances of error
over the step-by-step method of arithmetic.

A RATIO can be defined as "the relationship
or comparison of two like quantities, the quotient
of the first nunfler divided by the second."

If a destroyer has a top speed of 30 knots and
a cargo ship has a top speed of 15 knots, then
we can say that the destroyer can travel at a
speed 2 times the top speed of the cargo ship
or a ratio of 2 to 1.

The comparison of the speed of the DD to
that of the AK was made by dividing one rumber
into the other, in this case 15 knots into 30 knots,
This comparsion, made by division, is called a
ratio.

A ratio is normally written as a common
fraction. The ratio of the DD (30 knots) to that
of the AK (15 knots) would be written as 30 knots

15 knots
or more correctly, 30 : 15. The symbol ":"
denotes ratio.

Comparison by means of a ratio is limited
to quantities of the same kind. For example, in
order to express the ratio between 6 ft. and
3 yards., both quantities must be written in
terms of the same unit. Thus, the proper forms
of this ratio would be either 2 yds. : 3 yds.
or 6 ft. : 9 ft. Mathematically, like terms cancel
each other so the yd. or ft. would cancel each
other out and the resulting i"atio would read
2:3 or 6:9.

An INVERSE RATIO is the reciprocal of the
original ratio. Therefore, the inverse ratio of
2:3 would be 3:2.

The scale of scale drawings is a practical
application of ratio.

The scale of a drawing is the ratio between
the length of any line on the drawing and the
actual length of the full sized object.

If the scale of a drawing was 1:16, and a
dimension on the full size object was 48", you
would find the length of the line on the drawing
by multiplying the actual length by 1/16. Thus,
1/16 x 48 = 3. Therefore, the line on the drawing
would be 3" long.

InverselY, if the actual length of a full sized
object was unknown, it could be determined by
multiplying the scaled down size (3") by the
determined ratio (1:16). Thus, 3 x 16 = 48.
Therefore, the actual length of the line on the
full sized object is 48".

If the scale of a drawing is incItE:s to feet,
(1" equals 2') then the ratio would be converted
to inches, in this case 1:24.

Closely allied with the study of ratio is the
subject of PROPORTION, The term, proportion,
can be defined as "a relation of equality."

Mathematically, a proportion is nothing more
than an equation of two ratios which are equal
to each other. Proportion can be written in three
different ways as in the following examples:

15:20::3:4
15:20 = 3:4
15 3
20 -4
It is evident from the last example that a

proportion is nothing mare than an equation of
common fractions.

The value of proportion is that if any three
of the terms are given, the fourth or unknown
term may be found by solving a simple problem
of common fractions.

Certain names have been given to the terms
of the two ratios that make up a proportion. In
a proportion such as 15:20 3:4,the first and the
last terms (the outside terms) are called the
EXTREMES. In this case, 15 and 4 would be
the extremes. If the proportion is written as a
fraction, than the numerator of the first fraction
and the denominator of the second fraction are
the extremes.
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extreme 15 3
20 4 extreme

The two remaining terms are called the MEANS.
A missing term is usually identified by an

alphabetical letter such as the letter "X".
If a term is missing, it is an easy task to

find the value of that missing term. Simply
multiply the two known terms that are alike
(c.xtremes or means) and divide the product
by the remaining term.

Example: 2:X :: 3:15
X = unknown value

2 X 16 4. 3 = 10
Therefore, X = 10 or
2:10 :: 3:15

Since the extremes (2 and 15) are alike (both are
extremes), they must be multiplied. The product
of this multiplication must then be divided by the
one known means (3) which results in a quotient
of 10. Therefore, the unknown means (X) equals
10 which is the value needed to complete the
proportion.
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If both of the means were known and only 01=
extreme known, then you would multiply the
two means and divide by the known extreme.

Example: K:30 :: 15:90
K = unknown value
30 x 15 90 = 5 therefore,
K = 5 or
5:30 :: 15:90

It must be remembered that in order to have
a true proportion, both ratios must reduce to an
identical lowest term.

Example: 5 = 15 = 1 -tor
30 90 6 6

1 = 1
6 6

One of the most common types of problems
based on proportions involves triangles with
proportional sides. Suppose that the correspond-
ing sides of two triangles are known to be
proportional as in figure 8-2. The side lengths
of triangle "A" are 8", 9", and 11". The only
known length of triangle "B" is 10" which
corresponds to the 8" side of triangle "A".
The lengths of side b and side c of triangle "B"
are unknown but since both triangles are the
same kind (corresponding), these lengths can
be determined by forming proportions as follows:

8:10 :: 9:b ora 9
10 b

9 x 10 = 11 1/4 thus b = 11. 1/4"
8

Now we have two known sides to triangle "B".
Therefore, we can form :3. proportion using
either 8:10 or 9:11 1/4 in order to find the length
of side c.

8:10 :: 11:c equals 10 X 11 = 13 3/4 thus
8

= 13 3/4" or we can say that

9:11 1/4 :: 11:c equals 11 1/4 X 11 = 13 3/4

thus
c = 13 3/4"
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A

11

I0

B

68.220
Figure 8-2. 1 riangles with opposite sides

proportional.

The following problem can also be solved by
using proportion.

If a casting weighing 126 lbs. contains 12 lbs.
of zinc, how much zinc would a 312 lb.
casting of the same alloy contain?

al casting weight 126 12 zinc weight #1
a casting weight 312 W zinc weight AO'

312 X 12 = 29.71 therefore,
126

W = 29.71 lbs. or we could say that the
casting weighing 312 lbs. contains 29.71 lbs.
of zinc.

GEOMETRIC CONSTRUCTION

Patterns are geometric shapes which conform
to a draftsman's plan (blueprint) plus any additions
necessary for casting such draft, shrinkage
allowances, and machine finish allowance.

As a Patternmaker, you will be constantly
solving graphic problems (problems of geometric
construction). You must learn to lay out clean,
accurate lines to make the layout for the pattern
and to outline the pattern itself in order to shape
it to the desired configuration.

There are several geometric methods of
solving many of the graphic problems you will
encounter. Some are more accurate than others,
however, you should know all of the different
methods in order to choose the best way to
solve a particular problem for a specific ap-
plication.
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Most graphic problems can be solved by
trial and error or by measuring with a scale.
Neither of these methods is accurate and must
not be used in patternmaking. r,erefore, because
of its importance with respect to accuracy,
only the geometric methGd of construction, as
related to the basic rules and to other graphic
solutions, is described in this manual.

In order to effe'tively study this area of
information, you must have a pencil divider,
12" scale, flexible straight edge, 30° - 60°
triangle, and a "T" square.

Definitions of some geometric terms used in
the following information are listed below.

Angle A figure formed by two non-parallel
lines converging ai a common point.

Apex The highest point of a triangle.
Arc A continuous portion of a circle or curve.
Bisect Dividing into two equal parts.
Circumference A continuous line enclosing the

area of a circle, ellipse, or closed curve.
Curve Any line deviating from perfectly straight

that contains no straight angles.
Diameter A straight line extending from a point

on the circumference, passing through the
center, to the opposite point on the circum-
ference of a circle.

Hypotenuse --the side of a right triangle that is
opposite the right angle.

Intersect To meet and cross at a point.
Parallel Extending in the same direction while

maintaining an equal distance at all points.
Perpendicular Being at right angles (90°) from

a line or plane.
Plane A perfectly flat or level surface ha% ing

two dimensions.
Poilit A narrowly localized place having no

dimensions.
Polygon Any figure having three or more sides

of equal or unequal length enclosing 360°.
Radius A straight line extending from the center

of a circle to the circumference of that
circle (1/2 diameter).

Tangent A curved or straight line which touches
but does not cross another curved or straight
line at a point other than its ends.

Vertex The point of intersection of two lines
forming an angle.

TO BISECT A LINE:

1. Use your dividers and adjust them with
a spread that is visually greater than one-half
the length of the line.

2. Insert the point of the dividers at one
end of the line, and draw an arc, as shown in

ew A of figure 8-3.
.?.. Insert the point at the other end of the

line, and with the same adjustment, draw an
arc from that end, intersecting the first arc
(view B of fig. 8-3).

4. Draw a straight line connecting the two
intersection points of the arcs to bisect the
line (view C of fig. 8-3).

TO BISECT AN ARC, follow the same steps
as were given for bisecting a line, using the
ends of the arc as centers for the arcs which
intersect. (See fig. 8-4.)

TO BISECT AN ANGLE:

1. Use the point of the angle as the center
,nor the point of the dividers, and draw arcs
cutting the legs of the angle (view A of fig. 8-5).

230

+11

Figure 8-3. Bisecting a line.

Figure 8-4. Bisecting an arc.

23.224

23.225
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A B

Figure 8-5. Bisecting an angle.
23.226

2. Use the points where the arcs cut the legs
as centers for arcs which intersect each other
inside the angle, as shown in view B of figure
8-5.

3. Connect the intersection point of these
arcs with the point of the angle to bisect the
angle (view C of fig. 8-5).

WHEN COPYING OR TRANSFERRING AN
ANGLE, there is a simple geometrical method
of constructing angles which you should know. In
figure 8-6, the angle AOB is to be copied on the
baseline B'O'.

1. Use the dividers to measure the length
of side AO by inserting the point at 0 and
adjusting the leg to fall on A.

2. Draw an arc intersecting both legs of the
angle. (See view A of fig. 8-6.)

3. With the dividers adjusted to the same
radius, place the point at 0' and draw an arc,
as shown in view B of figure 8-6.

4. Use the dividers to measure between the
legs of the angle in the same way, and draw
an arc from line O'B' using this measurement,
as shown in view C of figure 8-6.

5. Connect the intersection point of the iwo
arcs to point 0' to draw leg A'O' of angle
A'O'B' (view D of fig. 8-6).

WHEN DIVIDING A LINE INTO EQUAL
PARTS, a line may be divided into any number of
equal parts. As an illustration of the geometrical
method, line AB in figure 8-7 is divided into
five equal parts:

1. First a line is drawn at an angle from
one end of the line AB, as shown in view A of
figure 8-7.

A

e
II

0

23.227
Figure 8-6. Copying an angle.

A B

C

OOP ij
c D

23.228
Figure 8 -7. Dividing a line geometrically.

2. On this line, five equal points are stepped
off with a divider or any other measuring device
(view B of fig. 8-7).

S. A line is drawn from the last of the
stepped-off points to the end of line AB. This
line is shown as AC in view C of figure 8-7.

4. Now from each of the other stepped-off
points, draw lines parallel with line AC. (See
view D of fig. 8-7.)
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WHEN DRAWING A CIRCLE OR AN ARC
THROUGH THREE GIVEN POINTS, such as
points A, B, and C in figure 8-8.

1. Draw lines between the points and bisect
these lines, as shown in view A of figure 8-8.

2. The point where the bisecting lines inter-
sect each other is the center, 0, of the circle.
Place the point of the dividers at this center,
and adjust the dividers until the opposite leg
falls on one of the three given points.

3. Draw the circle, as shown in view B of
figure 8-8. and, if your layout work has been
accurate, the arc of the circle will pass through
all three points.

A B

23.229
Figure 8-8. Drawing a circle through three

TO DRAW A PERPENDICULAR FROM THE given points.
END OF A LINE:

1. Establish any point such as C, shown in
figure 8-9, above the baseline, AY.

2. With the dividers set at a radius of CA,
draw an arc as illustrated. The point where the
arc intersects line AT is point B.

3. Through B and C draw a line cutting the
arc. Label this point D.

4. Then draw DA, which will beperpendicular
to AY.

TO DRAW A PERPENDICULAR TO A GIVEN
LINE FROM A GIVEN POINT:

1. From a given point A above the given 11.217line, XY, as shown in figure 8-10, establish any Figure 8-9. Drawing a perpendicular from the
two points on line XY, such as C and B. (It end of the line.
does not matter whether C and B are on opposite
sides of A, or are both on the same side of A.)

2. With B as a center, and with a radius
of BA, draw arcs above and below line XY.

3. With C as a center. and a radius of CA,
draw arcs intersecting the arcs made in step 2.

4. Draw a line DA, through the intersecting
arcs, the line DA will be perpendicular to line
XY.

BLENDING ARCS AND TANGENTS

Laying out circles, or arcs, and straight
lines tangent to them is difficult because there
is an element of optical illusion involved. It
is easier to draw a straight line to a curved
one than it is to draw a curved line to a straight 11.216
one. Therefore, on pattern layouts, major circles Figure 8-10. Drawing a perpendicular to aor arcs are drawn first. given line from a given point.
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Even when a Patternmaker draws a straight
line to a curve, an optical illusion may cause
him to fail to blend the curve and the line
perfectly.

In this section, a few simple methods are
discussed which will help you to blend lines
and arcs.

TO USE THE DRAFTSMAN'S METHOD OF
DRAWING A TANGENT TO A CIRCLE AT A
GIVEN POINT:

1. Place a triangle against a straightedge
as shown in view A of figure 8-11. The hypotenuse
of the triangle should pass through the center of
the circle and the point where the line is to be
tangent to the circle.

2. Hold the straightedge firmly in place and
turn the triangle over.

3. Then move the triangle until the hypote-
nuse passes through the point of tangency and
draw the tangent, as shown in view B of figure
8-11.

WHEN DRAWING A LINE TO THE END
OF AN ARC, you may find that when you drew
an arc which terminates in a straight line, jou
have a natural tendency to overdraw the arc.
To avoid this error:

1. Draw a radius from the center of the
arc, as shown in view A of figure 8-12 to the
point of tangency. In view B of figure 8-12, a
radius has been drawn to both points.

2. Watch this radius carefully as you draw
the arc, and stop at the exact point at which
the line of the arc touches the point of tangency.
(See view C of figure 8-12.)

A I

In drawing a straight line to the end of
an arc, there seems to be a natural tendency
to run it inside its true position. In figure 8-13
the error at the left is no greater than the one
at the right, but the line ending belqw the end
of the arc looks as if it were the greater error.

WHEN DRAWING ARCS TANGENT TO TWO
LINES (FILLETS AND ROUNDS), small arcs
tangent to two lines defining an inside corner
are called fillets, and mum often be drawn after
the straight lines have been drawn. Small arcs
tangent to two lines defining an outside corner
are called rounds.

A

C

23.231
Figure 8-12. Prec&ution to avoid overdrawing

an arc that ends in a straight line.

23.230 23.232

Figure 8-11. Drawing a tangent to a circle at a Figure 8-13.Errors in drawing a line to the
given point. end of an arc.
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Wher. the lines form an angle that is not
a right angle:

1. Draw lines that are parallel to the first
two lines, inside the angle and at a distance
of the given radius from them as shown in view
A of figure 8-14. The intersection of these
parallel lines will be the center, 0, of the fillet's
arc.

2. Establish the exact points of tangency,
as shown in view B of figure 8-14, the center,
0, perpendicular to the legs to the angle.

3. Now draw the fillet, using point 0 as
the center of the circle. Start at one point of
tangency and stop when the arc touches the other.

When the two lines form a right angle:

1. Adjust the dividers to the required radius.
2. Place the point of the dividers at the corner

of the angle, and draw a short arc intersecting
each straight line. (See view A of fig. 8-15.)
Section points of the arcs and the lines are
the points of tangency.

3. Use the intersection points as centers for
the point of the dividers, and, with your dividers

23.233
Figure 8-14. Drawing a fillet or round to two

straight lines.

A

adjusted to the given radius, draw intersecting
arcs inside the angle, as shown in view B of
figure 8-15.

4. Use this point of intersection as the center,
0, for the point when you draw the fillet, as
shown in view C of figure 8 -15.

WHEN DRAWING LARGE ARCS TANGENT
TO SMALLER ARCS, any of the methods of
drawing fillets can be applied in laying out large
circles or arcs tangent to other arcs. The trial
and error method is illustrated in figure 8-16.
The arc of a large circle is to be drawn tangent
to two small circles or arcs. Points T and

are estimated as the points of tangency and
are used to find the intersecting arcs at point
0. Point 0 is used as the center in drawing
the arc from T to V.

The trial and error method may also be
used in passing a circle through three given
points. In view A of figure 8-17, arcs with an
equal radius have been drawn from each of the
three points. You can see that they fail to have
a common point of intersection and are, therefore,
not at the proper center. Nevertheless, from this
trial the Patternmaker is able to judge where
the center will probably fall and to select a
point, 0, to use as the center in drawing his
first trial arc. If this trial arc fails to pass
through the three points perfectly, as shown
in view B of figure 8-17, he moves the center as
indicated. This time it is possible to judge the
position of the center so accurately that the
circle may be drawn through the points. (See
view C of fig. 8-17.)

WHEN ESTABLISHING EXACT POINTS OF
TANGENCY (Fig. 8-16), you will see that the
arcs have been drawn with slightly excess lines.
If you are working in pencil, you can first
draw the arcs lightly, erase the excess lines,

23.234 23.235Figure 8 -15. Drawing a fillet or round to a Figure 8-16.Trial and error method of drawingright angle. a large arc tangent to two smaller arcs.
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and then darken or BRIGHTEN the remaining
lines. If you are inking a drawing, it is wise
to establish the exact points of tangency before
you ink the arcs, since it is difficult to erase
excess ink lines. This may be done by lightly
drawing the radius from the center of the circle
of the arc to the point of tangency. (See fig.
8-12.) In figure 8-18, the radii for several
tangent ELMS have been drawn to establish the
exact points of tangency.

TO DRAW A REVERSE OR OGEE CURVE
TANGENT TO TWO LINES, erect a perpendicu-
lar at point A and drop one at point B as shown
in view A of fig. 8-19. Connect the points A
and B with a line as shown 11 view B of figure
8-19. Assume a point C on this line through
which the curve will pass. This point may be
the midpoint of the line, if equal arcs are
desired. Bisect AC and CB, as shown in view
C of figure 8-19. The intersection of these
lines with the perpendiculars from points A and
B are the centers of the required arcs. Complete
the curve as shown in view D of figure 8-19.

A

DRAWING PLANE FIGURES

A plane has only two dimensions. For all
practical purposes, your layout is a plane. A
drawing showing one side of a square box is
a drawing of a plane figure, since a square is
a plane figure.

This section gives methods of construction
for a number of common plane figures.

TO DRAW TRIANGLES WITH GIVEN SIDES,
such as lines A, B, and C in view A of figure
8-20:

1. Draw one side in the desired position
as the baseline.

2. Adjust the dividers to the length of a
second side, and using one end of the baseline
as a center for the point of the dividers, draw
an arc.

3. Adjust the dividers to the length of the
third side, and from the other end of the
baseline, draw an arc, as shown in view B of
figure 8-20.

C

23.236
Figure 8-17. Trial and error method of finding the center of a circle which passes through three

given paints.

23.237
Figure 8-18. Establishing the points of tangency for several tangent arcs.
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A B

X

C D

Figure 8-19. Reverse or ogee curve.

23.239
Figure 8-20. Drawing a triangle with three

given sides.

4. Connect the intersection point of these
arcs to the ends of the baseline for the sides
of the triangle. (See view C of fig. 8-20.)

WHEN DRAWING AN EQUILATERAL TRI-
ANGLE which has three equal sides, draw one
aide and then use the length of that side as the
radius when you draw intersecting arcs from
each end of it. (See view A of fig. 8-21.)

TO DRAW AN ISOSCELES TRIANGLE which
has two equal sides, locate the base, and draw
intersecting arcs from each end of it using the
length of one of the equal sides as the radius.
(See view B of fig. 8-21.)

TO DRAW A RIGHT TRIANGLE --ONE WITH
AN INCLUDED 900 ANGLE see bisecting a
line, figure 8-3; drawing a perpendicular from
the end of a line, figure 8-9; or drawing
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23.238

23.240
Figure 8-21. Drawing triangular plane figures.

A. An equilateral triangle. B. An isosceles
triangle.

perpendicular to a given line from a given point,
figure 8-10.

TO CONSTRUCT A REGULAR PENTAGON
(FIVE SIDED FIGURE) WITHIN A CIRCLE:

1. Draw the diameter of the circle, shown
as AOB in view A of figure 8-22,

2. Bisect the radius OB of the circle, as
show. .12 view B of figure 8.22.
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3. With D as a center and a radius equal to
DC, strike arc CE, as shown in view C of figura
8-22.

4. With C as a center, strike the arc FG
passing throagh the point E. as shown in view D
of figure 8-22.

5. Distance CF or CG is equal to the length
of one side of the pentagon. The other sides are
stepped off with the dividers, as shown in view E
of figure 8-22.

III A

23.241
Figure 8-22. Drawing a regular pentagon in a

circle.

A

Hexagonal forms (six aided) of the bolt head
and nut are common figures in mechanical
drawings. There are several ways of DRAWING
A REGULAR HEXAGON. If you are given the
distance between two opposite sides of a
hexagon, called the SHORT DISTANCE or
DISTANCE ACROSS FLATS:

1. Draw a horizontal line and a vertical
line, each as long as this given distance and
intersecting at right angles to each other, as
shown in view A of figure 8-23.

2. With these lines as diameters and their
intersection as the center for the point of the
dividers, draw a circle, as shown in view B of
figure 8-23.

3. Using the 300-60. triangle resting on
a T-square or straightedge base, draw lines
tangent to the circle in the order shown in
view C of figure 8-23.

If you are given the distance between opposite
corners of a hexagon, called the DISTANCE
ACROSS CORNERS or the LONG DIAMETER:

1. Draw a circle with this distance as the
diat ter. (See view A of fig. 8-24.)

2. Using the same radius as you used to
draw the circle, draw arcs with the ends of
the diameter as centers, as shown in view B of
figure 8-24.

3. Connect the points where the arcs inter-
sect the circle with those where the diameter
touches the circle as shown in view C of figure
8-24.

C

33.242
Figure 8-23. Drawing a regular hexagon when the distance across flats is given.
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23.243
Figure 8-24. - Drawing a regular hexagon when

the distance across corners is given.

WHEN DRAWING A REGULAR OCTAGON
(8 SIDED FIGURE), if you are given the distance
between opposite sides of an octagon:

1. Use this as the side dimension in drawing
a square, as shovn in view A of figure 8-25.

2. Draw the diagonals of the square.
3. Adjust the dividers to a radius equal to

one-half the length of a diagonal.
4. Place the point of the dividers on each

corner and draw arcs intersecting the sides
of the square, as shown in view B of figure 8-25.

5. Connect the points of intersection, form-
ing a regular octagon. (See view C of fig. 8-25.)

One of the most difficult figures to draw is
the ELLIPSE. There are a number of ways
of drawing it. Generally you will be given the
length of the major and minor axes of the ellipse.
(See fig. 8-26.)

An ellipse which is not absolutely accurate
but which gives a good visual effect may be
drawn, using the compass, as follows:

1. Draw the major and minor axes.
2. Draw a line connecting one end of the

major axis and one end of the minor axis. (See
view A of fig. 8-27.)

A

23.244
Figure 8-25. -Drawing a regular octagon when

the distance between sides is given.

23.245
Figure 8-26.- An ellipse with major axis AB,

and minor axis CD.

3. Using a radius equal to half the major
axis and with C as the center, lay off OE on
013. (See view B of fig. 8-27.)

4. Using a radius equal to E B, lay off CF
on CB. (See view C of fig. 8-27.)

5. Bisect line FB as shown in figure 25D.
Extend the bisecting line to intersect AB at X
and CD at Y.

6. Using a radius equal to XB, lay off AX',
and using a radius equal to DY, lay off CY'.
(See view D of fig. 8-27.)

7. Using the radii XB and X'A, draw the
end arcs as shown in view E of figure 8-27.

8. Using the radii YC and Y'D draw the
side arcs, as shown in view F of figure 8-27.

The easiest method of drawing a LARGE
ELLIPSE is the pin-and-string method. To use
this method:

1. Draw the major and minor axes.
2. Set the dividers to one-half the length

of the major axis, and, using one end of the
minor axis as a center, draw arcs intersecting
the major axis. Points F and F. are called
the foci of the ellipse. (See view A of fig. 8-28.)
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F

Figure 8-27. Drawing an ellipse.

3. Drive pins at the foci and at one end
of the minor axis, and tie a cord around the
three pins, as shown in view B of figure 8-28.

4. Remove the pin at the end of the minor
axis, and place a pencil or pen inside the loop.
Keeping the string taut, draw the line of the
ellipse, as shown in view C of figure 8-28,

You may have trouble keeping the line smooth
when you reach the major axis and must shift
your string over the heads of the pins. It is
better to remove the pencil or pen from the
drawing surface, shift the string to the other
side of the pins, and then replace the drawing
point carefully so that there is no break in the
line. It is not necessary to shift if you use a
continuous string, passing around the pins, rather
than tied to them,

An ellipse may also be drawn by the trammel
method. On the straight edge of a strip of
paper, cardboard, or plastic, mark half the

23.246

distance of the major axis, AO in view A of
figure 8-29. Then mark half the distance of
the minor axis, CO. Draw the major and minor
axes on the drawing sheet. Move the straight
edge, keeping point A on the minor axis and
point C on the major axis and, using point 0
as the guide, draw the line of the ellipse, as
shown in view B of figure 8-29,

The concentric-circle method of drawing an
ellipse is the most accurate of the methods
discussed in this section, provided you can
handle your instruments with accuracy. It in-
volves carefully plotting the ellipse.

1. Draw the major and minor axes.
2. With the intersection as a center, draw

a circle that has the major axis as a diameter.
(See view A of fig. 8-30.)

3. Draw a number of radial or slant lines
through the center to the aro of the larger
circle. (See view B of fig. 8-30.)
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A 8

'Par*
D

23.247 23.249Figure 8-28. Drawing an ellipse, using the Figure 8-30. Drawing an ellipse, using thepin-and-string method. two-circle method.

A

C

A

ofl
8

23.248
Figure 829. Drawing an ellipse, using the trammel method.

4. Wherever these lines out the smaller
circle, draw short horizontal lines outward from
the arc of that circle.

5. Wherever the radial lines touch the larger
circle, draw short vertical lines to intersect
the short horizontal lines. (See view C of fig.
8-30.) The points where these short horizontal
and vertical lines intersect define the ellipse.

6. Use the French curve and draw the ellipse
from these plotted points. (See vl^w D of fig.
8-30.)

DRAWING SPIRALS
AND INVOLUTES

A spiral or involute is a constantly changing
curve winding, coiling, or circling around a
center point receding or approaching its own
censer. For all practical purposes, the main
spring in your watch is a spiral. This section
gives methods of construction for the more
oomznon spirals.
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An involute is the curve that might be traced
by a point on a cord that is being unwound from
a line, a triangle, a square or another polygon,
or a circle. Figure 8-31 illustrates the pin-and-
string method of drawing the involute of a
pentagon.

To draw an INVOLUTE OF A LINE, extend
the line AB as shown in view A of figure 8-32.
Using the length AB as a radius and A as a
center, draw a semicircle, as shown in view II
of figure 8-32. Then, using BC as the radius
and B as the center, draw a second semicircle
continuing the curve, as shown in view C of
figure 8-32. Then, with CD as the radius and
C as the center, draw the next arc, as shown
in view D of figure 8-32. Proceed in the same
manner until the curve is the desired size.

A

a

WHEN DRAWING THE INVOLUTE OF A
TRIANGLE, extend the sides as shown in view
A of figure 8-33. Using one side AB as radius,
and A as the center, draw an arc from B to the 23.251
extension of side AC, as shown in view B of Figure 8-32. Method of drawing the involute of

a line.

23.250 23.252
Figure 8-31. Pin-and-string method of drawing Figure 8-33. Method of drawing the involute of

an involute of a pentagon. a triangle.
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figure 8-33. Using a radius the length of AC plus
its extension, and with C as the center, draw an
arc to the extension of side BC. With BC plus
its extension as the radius and B as the center,
draw the are to the extension of side AB, as
shown in view C of figure 8-33. Continue in this
manner until the figure is the desired size.

TO DRAW THE INVOLUTE OF A CIRCLE,
consider the circle as a polygon with a great
number of sides. Divide the circumference of
the circle into a number of equal parts. Then
draw tangents from each divisiuti, as shown
in view A of figure 6-34. With the rectified
distance of a division as a radius, draw an
arc from one division to intersect the tangent
of the next division, as shown in view B of
figure 8-34. With the intersection point on this
tangent to the point of tangency as a radius,
draw an are to intersect the next tangent. (See
view C of figure 8-34.) Continue until the figure
is of the required size.

WHEN DRAWING A SPIRAL OF ARCHI-
MEDES, the spiral is generated by a point moving
around a fixed point, its distance increasing

A B

C

uniformly with the angle. To draw a spiral which
makes one turn in a given circle, divide the
circle into a number of equal parts and number
these parts in succession. (See view A of fig.
8-35.) Then divide the radius of the circle into
the same number of parts and number them from
the center outward, as shown in view A of figure
8-35. Using the center of the circle as a center,
draw from each of the numbered divisions an
arc which intersects the corresponding numbered
division on the radius, as shown in view B of
figure 8-35. These intersections are the points
of the curve, as shown in view C of figure 8-35.

WHEN DRAWING THE HELIX, consider
the helix as a curve in space which is generated
by a point moving uniformly along a straight
line which revolves around an axis. If the line
moves parallel to the axis, it will generate a
cylindrical helix. If it moves at an angle to
the axis, it will generate a conical helix. The
LEAD of a helix is the distance parallel with
the axis which the point advances along the line
in one revolution.

To draw a helix, draw two views of the
cylinder, as shown in view A of figure 8-36.

23.253 23.254
Figure 1-34. Method of drawing the involute of Figure 8-35. Method of drawing a spiral of

a circle. Archimedes.
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Figure 8-36. Method of drawing a helix.

Divide the lead into an equal number of parts
and the diameter into the same number of parts,
as shown in view B of figure 8-36. The inter-
section of the lines from these points, as shown
in view C of figure 8-36, are the points of
cylindrical helix.

DETERMINING AREAS
AND VOLUMES

As a Patternmaker, you must be able to
calculate the amount of material needed to
manufacture the pattern and determine the weight
of the pattern in order to calculate the approxi-
mate weight of the casting. In order to do this,
you must possess a knowledge of geometry and
be able to determine areas and volumes of
geometric shapes and figures.

Area is defined as the extent of a surface
bounded by two dimensions such as length and
width. The unit of measure denoting area is
"square" such as square inches, square feet,
square yards, etc.

Volume can be defined as the extent of an
object bounded by three dimensions such as
length, width, and height. The unit of measure

1

12

11

10

*

7
*
s
4
3
2
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denoting volume is "cubic" such as cubic inches,
cubic feet, etc.

In order to find the area (A) of the rectangle
shown in figure 8-37, you must multiply the
length (L) by the width (W) or A = LW. Since
L = 8 and W = 5, A = 40 square inches.

In order to find the volume (V) of the cube
shown in figure 8-38, you must multiply length
(L) times width (W) times height (H) or V = LWH.
Since L = 8", W = 5", and H = 7", ir = 280
cubic inches.

Many of the geometric figures you will be
concerned with are illustrated in figure 8-39.
Along with the figures are the formula and
example problems for calculating area and
volume for that particular figure.

When values are enclosed in parentheses ( ).
brackets E 3 , braces E 3, or lined over by the
vinculum ..4., they are said to be GROUPED.

Some equations may contain a group within
a group such as in the formula for finding the
area of a trapezium where,

Area = 1/2 Ege + d) + bd + ceD

In this formula, you have parentheses and
brackets. The order of precedent concerning
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w

L

68.221
Figure 8-37. Two dimensional view.

ei.

these grouping symbols is; parentheses can be
enclosed in braces and braces can be enclosed
in brackets. However, the reverse is not true.
In other words, the values enclosed by paren-
theses must be considered before considering
the values within the brackets etc. In order to
explain further, let's find the area of a
trapezium using the formila and values shown
in figure 8-39.

Area = [1/2 a(e + d) + bd + ce]

Area =[1/2 10 (8 + 6) + 3 X 6 + 5 X 8]

Area 41/2 10 (14) + 3 X 6 + 5 X 8]

Area = [1/2 140 + 3 X 6 + 5 X 8]

Area 41/2 140 + 18 + 40]

Area 41/2 198]

Area = [99]

The first step, after putting numerical value
to the letter symbols, is to add "e + d" as they
are enclosed within parentheses. The next step is
to consider the process dictated by the preceding
value which in this case is "a". Since there
is no symbol between "a" and the parentheses,
it is understood that "a" must be multiplied
by the sum of "e + d" which results in a product
of 140. Next, you must multiply "b + d" and
"c + e" which results in sums of 18 and 40,
respectively. When these are added to 140, you
have a value of 198 which must now be multiplied
by 1/2 resulting in a product of 99. Therefore,

68.222 since all values are in inches, the Area = 99
square inches.Figure 8-38. Three dimensional view.
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Rectangle and Parallelogram

Area ab

a r-- a 1

Triangle
Area i S4 cd.
Area I.4 (s-a) (s-b) (s-c) when

s 1,6 (a + b + c)
Example: a b 4". c g 5'

3* + 4' +s 6*
2

Area s V6 (6-3) (6-4) (6-5) 6 sq. in.

c

Regular Polygons
n Number of sides. Length of one side. r at Inside redius

Area 10 nsr

Number of Sides Area

5
6

1.72047 0 In 3.63273 e
2.59809 0 - 3.46408 r3

7 3.63395 s2 3.37099 14
S 4.82847 0 is 3.31368 r2
9 6.18181 2 i 3.27574 re

10 7.69416 s2 a. 3.24922 rs
11 9.36570 92 3.22987 r2
12 11.19616 s2 es 3.21539 r2

Trapezium

Area 34 [a (e + d) + bd + ce]

Example. a 10w. b 3". c 5". d 6", e 8"

Area 1i [10 (8 + 6) + (3 X 6) + (5 X 8)] 99 sq. in.

Square

The diagonal of a square = A X 1.414

The side of a square inscribed
in a given circle is: B x .707.

a 4a1

68.223.1
Figure 8-39. Areas and volumes for calculating weights of castings.
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Circle
the Greek letter Theta) = angle included between radii

w (pil = 3.1416, 1) - Diameter. R = Radius. C Chord.

h = Height of Arc, 1. - Length of Arc.

Circumference = wD = 2 wR = 2 Nef wThriVea

Diameter = 2 R = Circumference * =2erea

Radius - D = Circumference + 2 w = /area
w

(10 2
Radius 1

2 h
Area = '4 wD2 = 0 7854 D2 = w R2

Chord = 2 v h (13 - h) = 2R X sine '4 co

Heiglii of Arc, h R 11/R2 - c 12

Length of Arc. L = X 2 wR = 0 0174533 Re

ti 8 tin degrees) - 28 6479-4

Sine '6 9 = -2- R

Sector of a Circle
Area = LR

Example. L = 10.472", R 5'

Area
10.472 X 5 = 26.180 sq. In.

2

9
or Area w R2 X 360

0.0087266 R20

Example: R 5". 9 120°

210
Area 3.1416 x 52 X No ww 26.180 sq. in.

Segment of a Circle
0 C (R - h)

Area itR2 X
360 2

Example: R= 5". 8 s 120°. C 8.66", h 2.5'
120

Area 3.1416 X52X1 ro 8.66 (5 - 2.5)- I= 15.355.sq. in.
2

Length of arc L = 0.0174533 Re

Area [ LR - C (R -h)]
Example:R -S ". C 8.66". h 2.5". 0 120°
L 0.0174533 X 5 X 120 10.472'

Area 34 [(10.472 X 5) 8.66 (5-2.5)] .2 15.355 sq. in.

68.223.2
Figure 8-39. Areas and volumes for calculating weights of castingsContinued.
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Circular Ring

Area 0.7834 (Ds -d!). or 0.7834 (D-d) (D + d)

Example: 0 ... 10". d 4.- 3`.

Area 0.7854 (10* - 32) 71.4714 sq. in.

Spandrel

Area In 0.2146 Rs 0.1073 Ca
Example: R 3
Area 0.2146 X 31 1.9314

Parabolic Segment

Area I.. % sh
Example:* 3, h 4
Area % X 3 X 4 8

Ellipse

Area trab 3.1416 ab
Example: a 3. b 4
Area 3.1416 X 3 X 4 37.8992

Irregular Fissures

Area, may be found as follows:
Divide the figure into equal spaces
as showy by the lines in the figure.

(1) Add lengths of dotted lines.
(2) Divide sum by number of spaces.
(3) Multiply result by "A."

68.223.3
Figure 8-39. Areas and volumes for calculating weights of castings Continued.
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Ring of Circular Cross Section

Area of Surface IIN 4w* Rr 39.4784 Rr
Area of Surface irs Dd 9.8696 Dd
Volume 2 fre Res 19.7302 Re
Volume ) OD* 2.4674 Dd2

MI.

t
Sphere

Surface 410 12.3604 0 = wd'
Volume % wrb 4.1888 13

Volume )4 yds 0.3236d3

,1111111111=1MMMEM111 a
Segment of a Sphere

SPhoicalSurface 2 sPrh X w (cis + 4 10) 0.7864 (ci + 4 10) i
h

Total Surface ki w (c3 + 8 rh) 0.7864 (0 + 8 rh) -1.......

Volume % whf (3 r - h) 1.0472h' (3 r - h)
or

Volume Siiirli (3 c2 + 4 ha) 0.1309 h (3 e + 4 W)

Sector of a Sphere

Total Surface ti wr (4 h + c) in 1.5708 r (4 h + c)
Volume % wr'h 2.0944 rah

Cylinder

Cylindrical Surface - wdh as 2 wrh 6.2832 rh

Total Surface 2 sr fr + h) 6.2832 tr + h)
Volume wrah - 14 with . 0.7834 (Ph

68.223.4
Figure 8-39. Areas and volumes for calculating weights of castingsContinued.
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Pyramid

A . area of base
P 0. perimeter of base
Lateral Area - Ps
Volume Ah

Frustum of a Pyramid

A area of base
a l area of top
m area of midsection
P perimeter of base
p perimeter, of top
Lateral Area - s (P + p)
Volume h (a + A + traY
Volume 3.4 h (A + a + 4 m)

Cone

Conical Area i rrs irr ti/r2 h5

Volume g wr2h 1.0472 rah 0.2618 (Ph

Frustum of a Cone

A , area of base
a u area of top
m area of midsection
R D + 2; r d + 2
Area of Conical Surface 116 VS (D d) 1.5708 s (D +d)
Volume - j h (R2 + Rr + r2) 1.0472h (R2 + Rr + rs)
Volume 342 h (D2 + Dd + d2) u 0.2618 h (D2 + Dd + do)
Volume h (a +A +VITA) h (a + A + 4 m)

Figure 8-39. Areas and volumes for calculating weights4agatinpContinued. 68.228.6
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CALCULATIONS OF
CASTING WEIGHTS

There are two methods used to CALCULATE
the APPROXIMATE weights of castings; volume
method and weight method.

To determine the weight of a specific casting
using the volume method, you must break down
the pattern design into simple geometric sections
or shapes and calculate the volume of each
shape in cubic inches. If the pattern Js cored,
you must also determine the volume contained
in the cores and subtract this figure from the
total volume of the pattern.

After you have determined the total volume
of the pattern minus the core volume, you must
multiply by the weight of the specific casting
material. The weights for most casting materials
are shown in Table 8-1.

To explain further, let's say that a certain
cored pattern is to be cast in brass and has a
volume of 530 cubic inches and cores containing
215 cubic inches. Look at Table 8-1 and you
will find that brass weighs .310 lbs. per cubic
inch. Therefore, the approximate weight of this
casting is 97.65 lbs.

casting weight = .310 (530 - 215)
= .310 (315)
= 96.75 lbs.

To use the weight method for calculating the
approximate weight of a casting, you must
determine the weight of the pattern. If you are
fortunate enough to have a scale, you can simply
weigh the pattern and the cores. In order to
obtain the core weight, you must weigh the actual
sand core, not the core box.

Next, you must multiply the pattern weight
by the appropriate factor from Table 8-2. These
factors are nothing more than ratios between
certain pattern materials to certain casting
materials.

The next step is to multiply the core weight
by the appropriate factor from Table 8-2 and
the subtract this product from the pattern
weight.

Problem: A certain cored, white pine, pattern
for a cast iron casting weighs 12.8 lbs. and
has cores weighing a total of 3.8 lbs. What is the
approximate weight of the casting?

Casting weight = 12.6 x 16 - 3.8 x 4
= 207.6 - 15.2
= 192.4 lbs.

250

Table 8-1. Casting Material Weights

Material
Weight in

pounds per
cubic inch

Aluminum .089

Bismuth .353

Brass .310
Bronze .310

Aluminum Bronze .295
Manganese

Bronze .308

Cast Iron .260

Cast Iron,
Wrought .280

Copper .324

Lead .409

Monel .345

Magnesium .066

Steel .281

Tin .263

Low Melting
Point Alloy .350

Zinc .254
Plaster of

Paris .0894

68.215
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Table 8-2.- Factors

Casting Material

Pattern
Material

Cast
Steel

Cast
Iron Bronze Copper Zinc Aluminum

Pine 17.0 16.0 19.0 19.6 15.0 b.7

Redwood 11.0 16.0 19.0 19.6 15.0 5.7

Mahogany 13.0 12.0 14.0 14.7 11.5 4.5

Cherry 11.5 10.5 12.5 13.0 10.0 3.8

Poplar 15.0 14.0 17.0 17.5 13.0 5.0

Walnut 11.5 10.5 12.5 13.0 10.0 3.8

Cedar 19.0 18.0 21.0 21.5 17.0 6.3

Plaster
of Paris 3.2 2.85 3.2 3.44 2.7 1.1

Aluminum 3.2 2.85 3.2 3.44 2.7 1.0

U a scale is not available, you must determine
the pattern weight mathematically by finding the
total volume of the pattern minus the total
volume of the cores and then multiplying this
figure by the weight of the specific pattern
material. Table 8-3 shows the weights of some
pattern materials per cubic foot.

After you have determined the pattern weight,
you proceed as before by multiplying by the
appropriate factor from Table 8-2. To explain
further, let's say that you have determined that
a certain cored redwood pattern for a cast
iron part has a volume of 180 cubic inches and
72 cubic inches of core. Table 8-3 shows that
redwood weighs 28 lbs. per cubic foot. Since
the pattern is measured in cubic inches, you
must determine the weight of redwood per cubic
inch by dividing 1728 (number of cubic inches
contained in 1 cubic foot) into the weight of
redwood per cubic foot (28).

Example: _AL= .0162
1728

Therefore, ,redwood weighs .0162 lbs. per cubic
inch.
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68.216

Table 8-3.- Pattern Material Weights

PAT TERN MATERIAL WEIGHT PER
CUBIC FOOT

WHITE OR SUGAR PINE 23.5

SPANISH MAHOGANY 53

HONDURAS MAHOGANY 35

POPLAR 39

DOUGLAS FIR 31.1

CEDAR 23.2

CALIFORNIA SPRUCE 25

CHERRY 42

MAPLE 49

REDWOOD 2$

RED OAK 44

WHITE OAK 47

PLASTER OF PARIS ICS?

68.217
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Where pattern volume (P) = 180 cubic inches,
core volume (C) = 72, the weight of redwood
per cubic foot (R) = 28, and the factor for cast
iron (F) = 16, the formula for finding the casting
weight (W) could look like this:

W = F R (P_:.C)1
728

W = 16 [ 28 (180 - 72)11728
W = 16 ijk (108)

728

W = 16 [.0162 (108)]

W = 16 [1.7496]

W = 27.9936 lbs.

PRINCIPLES OF SURFACE
DEVELOPMENT

In the Navy, the principles of surface de-
velopment are used for many types of repair
work. For example, they are used in sheet metal
work such as heating, ventilating and air-
conditioning systems; in shipfitter work such as
structural components on boat or ship parts;
and in patternmaking such as joining cur red
surfaeAs together.

As a PM3 or PM2, yuu must have a knowl-
edge of pattern joinery to choose the best type
of development for any particular job. Therefore,
the principles of surface development are
necessary to transpose any shape from a flat
plane to a three-dimensional object in order
to out the pattern components without error
or waste. These principles will be discussed
in this section and their application as applied
to patteriunaking will be discussed in the chapter
on flanged fittings.

A surface has two dimensionslength and
width. It is bounded by lines which are either
straight or curved. The surface itself may be
PLANE, PLANE-CURVED as ieripheral
surface of a cylinder, WARPED a... t,ne surface
of a screw thread, or DOUBLE-CURVED as the
surface of a sphere. A plane surface is flat.
A plane-curved surface can be unrolled and
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laid out flat. This is called DEVELOPING the
surface. A warped surface or a double-curved
surface cannot be developed except approxi-
mately.

In figure 8-40, a number of three-dimen-
sional figures are illustrated. Try to form a
mental picture of what would happen if the
surfaces of these figures were unfolded or
unrolled and laid out in a flat plane. The poly-
hedrons, of course, would be merely a system
of connected squares, triangles, or other poly-
gons. A cylinder with parallel ends would unroll
into a parallelogram. A cone would unroll into
a section of a circle. However, warped surfaces
could not be made to lie flat, and double-curved
surfaces present a similar problem.

The three principal methods of developing
the surface of three-dimensional objects are
called PARALLEL DEVELOPMENT, RADIAL
DEVELOPMENT, and TRIANGULATION. Par-
allel development is used for surfaces such as
those of prisms or cylinders. (See view A of
fig. 8-41.) Radial development is used for sur-
faces such as those of cones and pyramids,
which may be said to be generated by a line of
which one end remains fixed while the other end
rotates about it. (See view B of fig. 8-41.)
Triangulation is used for surfaces which do
not lend themselves to either of the other two
method's, to approximate the development of
warped surfaces. (See view C of fig. 8-41.)

Double-curved surfaces, such as the surface
of a sphere, may be developed approximately
by several methods which you will probably
never have occasion to use in the Navy but which
are interesting in that the identical methods are
applied in various map projections. A sphere
may be out into horizontal sections, or zones,
which may be considered and developed as
frustums of cones, as shown in view A of figure
8-42.

A sphere may also be cut into equal meridian
sections, called lunes, and these developed as if
they were sections of cylinders. (See view B of
fig. 8-42.)

PARALLEL DEVELOPMENT

The surfaces of prisms and cylinders are
made up of parallel elements or of elements
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CURE

MONT
RECTANGULAR

MORE owner
RECTANGULAR

PRISMS

MINT
TRIARGULAR

RIGHT
TRIANGULAR

RIGHT

CYLINDERS

CYLINDROID

°DUQUE

COM=

TETRAHEDRON

PYRAMIDS

OBLIQUE

RIGHT

NELICOID

WARPED SURFACES

MATE
ELLPSOID

TORUS

MIEN*

CONES

NYPEROOLK
PARABOLOID

TRtINCATED
NIXACIONAL

FRUSTUM

TRUNCATED

PARABOLOID

DOUBLE CURVED SURFACE

Figure 8-40. Three-dimensional shapes.
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11.212:249(65)
Figure 8-41. Surface development: A. ?arallel

development. B. Radial development. C. De-
velopment by triangulation.

that can be treated as parallel elements. For
example, in figure 8-43, the steps in developing
a rectangular prism are illustrated.

1. In order to determine the length of all
the edges of the prism, draw the front and top
views in orthographic projection. (See view A
of fig. 8-43.)

2. Draw the development to one side of the
front viev: so that the dimensions of ye:I:Leal
elements on that view can be projected to the
development as shown in view B of figure 8-43.

Transfer the dimensions of other elements
ot.. the top view. (See view C of fig. 8-43.)

Notice that all bend lines are marked with
crosses near their ends to distinguish them
from outlines.

4. To check the drawing, measure the lines
of edges which are to be joined as illustrated
in the pictorial drawing in view D of figure
8-43. Such edges must correspond' exactly.

A

At Nilli1MTRA

menmul Elmsimmuss
WAYEATAWATAT

68.75
Figure 8-42. Development of double-curved

surfaces.

In figure 8-44, the steps in the development
of a truncated hexagonal prism are illustrated.

1. Draw a front view and a bottom view of
the prism in orthographic projection. (See view
A of fig. 8-44.)

2. Since the true shape of the slanting plane
and the length of the lines of its edges are not
shown in these views, draw an auxiliary view
as shown in view B of figure 8-44. Note that it
is not necessary to draw the entire prism in
the auxiliary view, since only the dimensions of
the plane surface are required.

3. Project the lines of the front view hori-
zontally as the first atep in constructing the
development. (See view C of fig. 8-44.)
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4. Number the points of intersection of planes
on the bottom view, and mark off line segments
of the same length on the baseline of the develop-
ment.

5. Erect vertical lines from ,these numbered
points to intersect the lines projected from the
front view of the prism. (See view D of fig. 8-44.)
These intersections mark the corners of the
prism.

6. Connect the intersection points with
straight lines.

7. Draw the bottom of the prism attached
to one of the sides at the baseline. Draw the
slanting plane at the top of the prism, as it is
shown in the auxiliary view, attached to one of
the sides. (See view E of fig. 8-44.)

8. Check all measurements of edges to be
joined as shown in the pictorial drawing in view
F of figure 8-44, in order to be sure that they

11.212(65)C will coincide exactly.
Figure 8-43.Parallel development of a rec-

tangular prism.

A

I

The development of a truncated cylinder,
illustrated in figure 8-45, is made with a very
similar procedure. The cylinder is considered
to be a prism with an infinite number of sides.
In developing a cylinder, the number of sides
must necessarily be limited, but the greater
the number of sides, the more accurate the
development is likely to be.

1. To develop one-half of a two-piece elbow,
first draw a front and bottom view of that piece
in orthographic projection. (See view A of fig.
8-45.) Since the elbow does not require an end
piece, it is not necessary to draw an auxiliary
view showing the true shape of the ellipse formed
by the cutting plane at the top of the cylinder.

2. Divide half the circumference of the circle
into a number of equal parts. The parts should
be small enough so that, when a straight line
is drawn between division points, it will approxi-
mate the length of the arc. Project lines from
these points to the front view, as shown in view
B of figure 8-45. The resulting parallel lines on
the front view are called ELEMENTS.

I

3. Lay off the baseline, called the STRETCH-
68.76 OUT LINE, of the development. Ths length of

Figure 8-44. Development of a truncated hex- this line may be calculated as n times the diam-
agonal prism. eter of the cylinder (3.1416 X D).
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A

11.239(65)B
Figure 8-45.Development of a truncated cyl-

inder.

4. Divide the stretchout line into twice the
number of equal parts as the number on the half
circle of the orthographic view. (See view C of
fig. 8 -45.)

5. Erect perpendiculars at each point, as
shown in view C of figure 8-45.

6. Using a T-square, project the lengths
of the elements on the front view to the de-
velopment. (See view D of fig. 8-45.)

7. Using a french curve, join the resulting
points of intersection in a smooth curve.

When the two pieces of the elbow are iden-
tical, it is only necessary to make one pattern.

If

When a four-piece elbow is to be drawn,
the same steps are followed to produce as many
developments as may be required. The ortho-
graphic view may be drawn of the whole elbow
and the developments drawn beside each separate
piece, as illustrated in figure 8-46. Here only
one end and one middle development are drawn,
since the other two pieces are identical with
these.

When two pieces, such as two cylinders or
a cylinder and a prism, intersect, it is necessary
tc determine the exact points of intersection in
alter to make developments (for the pieces)
that will fit together without gaps or unnecessary
overlaps. These intersections are determined
by carefully drawing the elements intersecting
on orthographic views and then projecting or
transferring these intersection points to the
developments. In figure 8-47, for example, the
steps in making developments for a v"-joint
are illustrated. The T-joint shown consists of
two cylinders with equal diameters, which inter-
sect at right angles.

1. Draw a front view and a side view of the
T-joint. A bottom view representing the open
end of the other cylinder might also be drawn.
However, since this cylinder is perfectly round,
a semicircle may be drawn attached to the front
view, and the division points for the elements
located on it. (See view A of fig. 8-47.)

2. Draw equally spaced divisions to locate
the elements and project these division points
to both cylinders. The points where the elements
of one cylinder intersect those of the other
define the intersection of the two cylinders.
(See view B of fig. 8-47.)

3. Draw the surface pattern of the projecting
pipe at one side of the orthographic view so that
the length of each element can be projected from
the front view, as shown in view C of figure 8-47.

4. Draw the surfaces patter, of the cross
pipe below the front view, projecting lines down
from the branch pipe to locate the opening for
it, as shown in view D of figure 8-47.

When the T-joint is made of two cylindrical
pipes of unequal diameter, the procedure differs
slightly.

1. Draw the orthographic views.
2. Divide the smaller diameter branch pipe

into equal parts, and draw the elements on this
pipe in both views, as shown in view A of figure
8-48. The length of each element is shown in
the side view.
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Figure 8-46.Developments for a four-piece elbow.

A

68.77

A

Ink lin/
lir 1111111

68.78 68.79
Figure 8-47.Development of a T-joint composed Figure 8-48.Development of a T-joint with two

of cylinders of equal diameters. cylindrical pipes of unequal diameters.

257



PATTERNMAKER 3 & 2

3. Project lines from the upper end of each
element in the side view to the front v few, as
shown in view B of figure 8-48. The intersections
of these lines with the vertical Lines drawn on
the branch pipe define the intersection of the
two pipes.

4. Draw the line of intersection on the front
view.

5. Draw the surface pattern of the branch
pipe to the left, continuing the projection lines
to locate the ends of elements. (See view C of
fig. 8-48.)

6. Draw the surface pattern of the larger
diameter main pipe beneath the front view,
Projecting lines down from the branch pipe to

locate the opening for it, as shown in view D of
figure 8-48.

Figure 8-49 illustrates the steps in drawing
a round pipe joint made up of two cylindrical
pipes of unequal diameters which intersect at
an angle other than 90 degrees.

1. Draw the front and top orthographic views.
The ellipse formed by the top of the branch pipe
may be omitted at this point and drawn later.
(See view A of fig. 8-49.)

2. Draw the elements on the branch pipe
in both views. (See view B of fig. 8-49.)

3. Project lines down from the left end of
each element in the top view to the correspond-
ing element in the front view, and draw the line
of intersection. (See view C of fig. 8-49.)

...._____..
1 .

I , ,i..,....,

111111111p
S'

II

ii7

C 0A B

68.80
Figure 8-49. Development of a round pipe joint made of two cylindrical pipes of unequal diameters,

intersecting at an angle other than 90 degrees.
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4. Draw the ellipse formed by the end of the
branch pipe in the top view, by projecting lines
up from the upper end of each element in the
front view to the corresponding element in the
top view. (See view D of fig. 8-49.)

5. Draw the pattern of the branch pipe to
the right and perpendicular to the pipe as it
appears in the front view, as shown in view E of
figure 8-49.

6. Draw the pattern for the main pipe to the
left, with lines projecting from the intersection
of the two pipes on the orthographic view to
locate the opening for the branch pipe. (See
view F of fig. 8-49.)

When a pipe joint consists of a rectangular
pipe intersecting a round pipe at an angle other
than 90 degrees, the procedure is similar.

1. Draw the orthographic views, as shown
in view A of figure 8-50, dividing the upper
surface of O.., rectangular pipe in the top view
by equally spaced elements.

2. The points of intersection of these lines
with the circle are then projected down to the
upper and lower surfaces of the branch pipe in
the front view. (See view B of figure 8-50.)

3. Develop the surface pattern of the rec-
tangular pipe perpendicular to it in the front
view, as shown in view C of figure 8-50.

4. Draw the surface pattern of the round
pipe, with the opening for the rectangular pipe,
to the side of the front view, as shown in view
D of figure 8-50.

RADIAL DEVELOPMENT

The sides of a pyramid and the elements of
a cone meet at a point called the vertex of apex.
These same lines meet at a point in the de-
velopment of a pyramid or cone and are said
to radiate from this point. Consequently, the
method of developing pyramids or cones is
called radial development. (See fig. 8-51.)

In radial development, the same general
procedures are followed as those used in par-
allel development, except that since the slanting
lines of pyramids and cones do not always appear
in their true lengths on the orthographic views,
as shown in view A of figure 8-51, certain other
procedures must be followed in order to
determine these true lengths. To find the true
lengths of these edges, the pyramid may be
rotated so that some of the edges appear in
their true lengths in the views, as shown in
view B of figure 8-51. In this case, the lines

.1111M111116

:
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wiwc

I'

11°. SO

N,

.........---..:

ilINI
piiiii

11E10
rommiia,

0

Nogii

\Ile
68.81

Figure 8-60. Development of a pit e joint in
which a rectangular pipe intersects a round
pipe at an angle other than 90 degrees.

which appear as horizontal lines in the top view
are shown in outline and in their true length in
the front view. IN OTHER WORDS, WHEN A
LINE APPEARS AS HORIZONTAL OR AS A
POINT IN THE TOP VIEW, THE CORRE-
SPONDING LINE IN THE FRONT VIEW IS ITS
TRUE LENGTH. CONVERSELY, WHEN A LINE
APPEARS AS HORIZONTAL IN THE FRONT
VIEW, THE CORRESPONDING LINE IN THE
TOP VIEW IS ITS TRUE LENGTH.

Usually, instead of rotating the whole pyra-
mid, the line of the edge itself may be simply
rotated into the horizontal on a conventional
orthographic view. For example, in view C of
figure 8-51, the line of an edge from apex to
base as it appears in the top view is used as the
radius for an arc to the horizontal. The point
of intersection of the arc with the horizontal is
projected to the front view and a true-length
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HORIZONTAL ALIHORIZONTAL

TRUE
LENGTH

B C

Figure 8-51. Methods of finding the true length of a line in radial development.

line for that edge drawn, as shown in view I)
of figure 8-51.

The steps for developing a truncated pyramid
are illustrated in figure 8-52. This is a transition
piece for connecting a large square pipe with
a smaller one. Normally the square ends would
be terminated in square collars which would
also be developed.

1. Draw the orthographic views, completing
the lines of the sides to the apex. (See view A
of fig. 8-52.)

2. Rotate the lire of one edge in the top view
to the horizontal and project it to the front view.
(See view B of fig. 8-52.)

3. Draw an arc with a radius equal to the
length of this true-length line plus its extension
to the apex of the pyramid, and a second arc
defining the upper limit of the true-length line,
as shown in view C of figure 8-52.

4. Step off lengths along these arcs equal
to the sides of the pyramid. (See view D of
fig. 8-52.)

68.82
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5. Connect these points successively with
each other and also connect them by light lines 11.239(65)Cwith the vertex, as shown in view D of figure Figure 8-52. Development of a truncated8-52.
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To develop a truncated pentagonal pyramid
like that shown in figure 8-53, the same general
steps are followed. However, since one lateral
edge appears in its true length in the front view,
the limits of the other edges may be projected
onto the line of this edIe in order to determine
the true lengths. The length of each edge is
then measured, and this measurement trans-
ferred to the development.

Figure 8-54 shows the development of an
offset transition piece. It is called OFFSET
because the center of one end is not in line with
that of the other end. The three parts consist
of an upper section and a lower section, which
are truncated rectangular prisms, and a third
section, which is a truncated oblique pyramid.

1. Draw the orthographic views, extending
the lines of the sides of the pyramid to its apex
in both views. (See view A of fig. 8-54.)

2. Rotate the lines of the sides to the hori-
zontal in the top view, project the points thus
located to the front view, and draw the true-
length lines. (See view B of fig. 8-54.)

3. At one side of the views, develop the sur-
face pattern of the oblique square pyramid.
Construct one triangle at a time, taking the

length of the three sides of each triangle from
the views. (See view C of fig. 8-54.) Draw the
upper edges to complete the pattern.

4. Draw the surface patterns of the upper
and lower prisms, as shown in view D of figure
8-54.

The development of a cone is similar. It is
considered to be a pyramid with an infinite
number of sides. In actual practice, of course,
the number of sides must be limited. Elements
representing these sides are drawn on the
orthographic views and projected to the de-
velopment. The steps in developing a truncated
right cone are illustrated in figure 8-55.

The right cone has a centerline which is
perpendicular to its base. Thus the elements
on a right cone are all the same length. The
true length of these elements is shown by those
which fall to the extreme right and left in the
front view, since these elements are horizontal
lines in the top view. The cone in figure 8-55
is cut by a slanting plane. Therefore, the termi-
nation points of the elements between the two
outside elements must be projected to one of the
outside lines in order for their true length to
be determined.

1. Draw the orthographic views, including
either a side view, as shown in view A of figure

68.83
Figure 8- 53.-- Development of a truncated pen- 68.84

tagonal pyramid with the upper corners cut by Figure 8-54.Development of an offset transition
a slanting plane. piece.
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Figure 8-55. Development of a truncated right

cone.

8-55, or an auxiliary view of the ellipse which
is formed by the slanting plane. Note that the
center of the ellipse must be determined since
it does not fall on the centerline of the cone.
This center point is projected to the side view
and defines the length of the minor axis of
the ellipse. The length of the major axis is
defined by the length of the slanting line in the
front view.

2. Develop the surface pattern of the cone,
using the length from the apex to the base as a
radius for drawing the arc. Step off on this line
the equally spaced divisions of the base. Then
measure each element individually and transfer
this measurement to the development. The ends
of each of these elements define the curve of
the upper edge of the peripheral surface. (See
view B of fig. 8 -55.)

3. Draw the circle of the surface of the base
and the ellipse of the top surface attached to the
peripheral surface as shown in view C of figure
8 -55.

TRIANGULATION
DEVELOPMENT

it is more practical for many types of figures.
Also it is the only method by which the develop-
ments of warped surfaces may be approximated.
In development by triangulation, the piece is
divided into a series of triangles as in radial
development. However, there is no one single
apex for the triangles. The problem, therefore,
becomes one of finding the true lengths of the
varying oblique lines. This is usually done by
drawing a TRUE-LENGTH DIAGRAM,

Figure 8-56 illustrates the steps in the tri-
angulation of a warped transition piece joining
a large square pipe and a smaller round pipe.

1. Draw the top and front orthographic views.
(See view A of fig. 8-56.)

2. Divide the circle in the top view into
a number of equal spaces and connect the division
points with the corners of the square, as shown
in view B of figure 8-56.

D

11.249(65)CTriangulation is slower and more difficult Figure 8-56. Development by triangulation of athan parallel line or radial development, but transition piece.
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3. Transfer the division points to the front
view, and draw the elements. Some of the tri-
angles are slightly curved, but they may be
considered as flat.

4. Now the true length of each of these
elements may be found by drawing a right tri-
angle witt base equal to the length of an
element of the top view and with an altitude

equal to the altitude of the corresponding ele-
ment on the front view. The hypotenuse of the
triangle is the true length of the element. In
view C of figure 8-56, the true-length diagram
consists of only three right triangles. Since the
piece is symmetrical, a number ot the elements
are the same length.

5. Draw the surface pattern, constructing
one triangle at a time. (See view D of fig. 8-56.)

A

Cu

C

Cell

C

68.86
Figure 8-57. Development of a rectangular transition piece which is not a true pyramid.
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Figure 8-57 shows the steps in developing
a rectangular transition piece which is not a
true pyramid because the extended lateral edges
would not meet at a common vertex. This may
best be developed by drawing diagonals which
split the sides into two triangles. These
diagonals are usually drawn as dotted lines to
differentiate them from other elements. Then
the true length of each element is found, and
the surface pattern developed by constructing
each triangle in turn. To find the true-length
lines, a true-length diagram is drawn.

I. Draw the orthographic views with the
bend lines and the diagonals. (See view A of
fig. 8-57.)

2. Draw a true-length diagram of these
elements. (See view B of fig. 8-57.)

3. Draw the surface pattern by constructing
one triangle at a time. (See view C of fig. 8-57.)

The fitting in figure 8-58 has a warped sur-
face. Its base is round and its top is oblong.
The method for development consists of dividing
the surface into quadrilaterals of approximately
the same size, and then drawing a diagonal
across each of these to produce two triangles.
When the true lengths of these elements have
been found, the surface pattern may be drawn,
triangle by triangle.

1. Draw the top and front orthographic views.
(See view A of fig. 8-58.)

2. Divide the circle of the base into a num-
ber of equal spaces and the arcs at the ends of

68.87
Figure 8-58.Development of a warped transition piece.
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the oblong into half as many. Since the transi-
tion piece is symmetrical on a central axis,
this may be done on only half of the top view.
Connect these division points as shown in view B
of figure 8-58. Use dotted lines for the diagonals
to differentiate them.

3. Project the division points to the front
view, and draw the elements there.

4. Draw the true-length diagram for the
elements. (See view C of fig. 8-58.)

5. Draw an approximation of the surface
pattern of the warped surface by constructing
one triangle after another. (See view D of fig.
8-58.)

=10
METRIC SYSTEM

The Metric System is an extremely accurate
universal system of weights and measures based
on a unit called a METER and exmessed in the
decimal scale. In other words, it is a system
based on units of ten making it a very un-
complicated system to work with.

The names of metric denom!nations are
formed by prefixing to the name of the primary
unit of measure such as MICROmeter, MILLI-
meter, etc.

Table 8-4 explains the Metric System by
showing nomenclature and giving the English
measure equivalents.

Tables 8-4, 8-5, 8-6, 8-7, 8-8, and 8-9 are on
the following pages.
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PATTERNMAKER 3 & 2

Table 8-5. Mathematical Symbols

SYMBOL

x

)

[)

{}

NAME OR MEANING

Addition or positive value

Subtraction or negative

Positive or negative value

Multiplication dot (Centered;
be mistaken for decimal

Multiplication symbol

Parentheses

Brackets

Braces

Vinculum (overscore)

Percent

Division symbol

Ratio symbol

Proportion symbol

Equality symbol

"Not equal" symbol

Less than

Less than or equal to

Greater than

Greater than or equal to

'Varies directly as" or
tional to" (Not to be
for Greek alpha (a).)

value

not to
point.)

Grouping
symbols

"is propor-
mistaken

SYMBOL

i or j

oc

logs N

log N

In N

ix

rt

L or

NAME OR MEANING

Square root symbol

Square root symbol with vinculum.
Vinculum is made long enough to
cover all factors of the number
whose square root is to be taken.

Radical symbol. Letter n repre-
sents a number indicating which
root is to be taken.

Imaginary unit; operator j for elec-
tronics; represents VI:

Infinity symbol

Ellipsis. Used in series of num-
bers in which successive num-
bers are predictable by their
conformance to a pattern; mean-
ing is approximated by "etc."

Logarithm of N to the base a.

Logarithm of N to the base 10.
(understood)

Natural or Napierian logarithm of N.
Base of the natural or Napierian
logarithm system.

Absolute value of K.

Pi. The ratio of the circumference
of any circle to its diameter.
Approximate numerical value is
22/7.

Therefore

Angle

cc

68.218

272



Chapter 8-SHOP MATHEMATICS

Table 8-6.- Table of Decimal Ecrivalents of Fractions of an Inch

1/64---- 0.0156 17/64--- 0.2656 33/64--- 0.5156 49/64- -- 0.7656

1/32---- .0313 9/32---- .2813 17/32--- .5313 25/02-- .7813

3/64---- .0469 19/64--- .2969 35/64--- .5469 51/64--- .7969

1/16---- .0625 5/16---- .3125 9/16---- .5625 13/16--- .8125

5/64---- .0781 21/64--- .3281 37/64--- .5761 53/64 - -- .8281

3/32---- .0938 11/32--- .3438 19/32--- .5938 27/32--- .8438

7/64---- .1094 23/64--- .3594 39/64--- .6094 55/64--- .8594

1/8 .125 3/8 .375 5/8 .625 7/8 .875

9/64---- .1406 25/64--- .3906 41/64--- .6406 57/64 .8906

5/32---- .1563 13/32--- .4063 21/32--- .6563 2E/32- .9063

11/64--- .1719 27/64--- .4219 43/64--- .6719 59/64 .9219

3/16---- .1875 7/16---- .4375 11/16--- .6875 15/16 .9375

13/64--- .2031 29/64--- .4531 45/64--- .7031 61/64 .9531

7/32---- .2188 15/32 - -- .4688 23/32--- .7188 31/32 .9688

15/64--- .2344 31/64--- .4844 47/64--- .7344 A/64 .9844

1/4- .25 1/2 .5 3/4 .75 1------- 1.0

142.1

273
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CHAPTER 9

BLUEPRINTS AND LAYOUTS

When you became a striker for Pattern-
maker you probably spent your first day in the
shop just looking around. You watched the men
in the shop do the many varied jobs. Did you
notice that all of the men in the shop who were
laying out worl- were doing so from some sort
of plan? This plan may have been a sketch, a
drawing, a blueprint or a layout. In order for
you to lay out work, you will have to be able
to read these plans, .nd as you advance you will
be expected to make sketches and drawings.

The Rate Training Manual, Blueprint Reading
and Sketching, NAYPERS 10077-C, chapters 1,
2, 3, and 6 will give you information on funda-
mentals that you must master before proceeding
with this chapter.

This chapter deals primarily with blueprints
and layouts as used by the Patternmaker and also
contains additional information regarding visual-
ization, freehand sketching, and making a layout
from a casting.

The following terms are defined from the
Patternmaker's point of view:

A SKETCH is a rough outline of an object
from which a pattern is to be constructed,
given dimensions and details of the job to be
done. Such information as angles to be used,
and type of material required are included in
the sketch.

A DRAWING is similar to a sketch, but it
is made with mechanical drawing instruments
and it is drawn to scale.

A BLUEPRINT is a duplicate of a drawing
or sketch. Usually, only accurate drawings are
blueprinted. These blueprints are furnished by
the manufacturers of tne machinery installed
aboard your ship, and also by the bureaus
concerned with the building and maintenance of
the ship on which you are serving.

A LAYOUT is generally a duplicate of a
sketch, drawing, or blueprint which includes
object lines and centerlines but omits hidden
lines, dimension lines, and notes. The term

"layout" is also used to describe an ortho-
graphic plan to be used as a pattern) developed
from dimensional data rather than a sketch,
drawing, or bluenrint. A layout is made full-size
and is as accurata as possible. In patternmaking,
a layout is a full-sized drawing of a pattern
made with the appropriate shrinkage rule and
showing pattern construction and core ar-
rangement.

PURPOSE AND USE
OF BLUEPRINTS

The design engineer is constantly working
on plans for new machines or plans to improve
existing machines. Much of his work is ac-
complished through mathematics and mechanical
drafting. Mathematics is used to calculate the
strength of the parts and to determine their
dimensions. Mechanical drafting is the means
by which the shape, dimensions, kinds of
material, finish, and all other details of the
parts were recorded.

It would be almost imporaible for the design
engineer, using words alone, to convey his ideas,
thoughts, calculations, and dimensions to the
many users of blueprints in the construction
of a new machine. However, through mechanical
drafting, it is possible to record in the form of
drawings (blueprints); every item of information
necessary for the construction of the machine.
Mechanical drafting, then, is really a special
language and is defined as follows: "A language
which uses lines, symbols, dimensions, and
notations to accurately describe the form, size,
kind of material, finish, and construction of
an object."

BLUEPRINTS, also called prints, make it
possible for you to understand what is wanted.
In a oomparatively little space, they give a great
deal of information in a universal language that
everyone may recognize. Even a foreigner who
does not understand English may read and work
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Chapter 9 BLUEPRINTS AND LAYOUTS

from your blueprints, and you may do the same
with his prints.

VISUALIZATION
OF BLUEPRINTS

As a PM3 or PM2, you must have the ability
to interpret blueprints correctly and to visualize
the size and shape of an object in all its pro-
portions and in its fine details. You must be
able to see beyond the blueprint and to visualize
a pattern which very often will not look even
remotely like what you see on the blueprint.

The act of forming a mental image of an
object described on a flat plane (orthographic
projection) into a three-dimensional shape, is
called VISUALIZATION. In other words, vis-
ualization is the act of recognizing the shape
of a three-dimensional object when all you have
to go by is a flat drawing.

Some people find it easy to visualize three-
dimensional objects from flat drawings; other
people find it difficult. The ability to visualize
can be greatly developed by continued practice.
Before you can even practice visualization, you
must of course be able to read and write the
language of the trade that is, blueprints and
drawings. Then, through constant practice, you
can develop a creative imagination that will
enable you to visualize three-dimensional shapes
from flat drawings.

TYPES OF BLUEPRINTS

As a Patternmaker, you are a member of a
team working to achieve a common goal (a
sound, usable casting) through the use of draw-
infs and blueprints. For example, on board a
repair ship or tender a drawing may go to the
Patternmaker (PM) whose job it is to make
patterns of a part in wood, metal, plaster, or
plastic. These patterns are used by the Molder
(ML) in making molds for rough castings. These
castings must be finished in the machine shop
by the Machinery Repairman (MR). Sometimes
a drawing may go directly to the Hull Maintenance
Technician (HT) who will forge the part in the
blacksmith shop, or weld or braze a series
of castings together to make the final pr oduct.

Of the many types of blueprints you will
use aboard ship, the simplest one is the PLAN
VIEW. This is a blueprint which shows the
position, location, and use of the various parts
of the ship. You will use plan views to find your
duty and battle stations, the sickbay, the barber
shop, and other parts of the ship.

In addition to plan views you will find aboard
ship other blueprints called ASSEMBLY PRINTS,
UNIT or SUB-ASSEMBLY PRINTS, and DETAIL
PRINTS. These prints show various kinds of
machinery and mechanical equipment.

ASSEMBLY PRINTS show the various parts
of the mechanism, how the parts fit together,
and their relation to each other.

Individual mechanisms, such as motors
and pumps, will be shown on UNIT or SUB-
ASSEMBLY PRINTS. These show location, shape,
size, and relationships of the parts of the sub-
assembly unit.

As)...ambly and sub-assembly prints are used
to learn operation and maintenance of machines
and equipment.

The Patternmaker and the Machinery
Repairman will be most interzstet1 in the DETAIL
PRINTS. These prints will give you all the
information you need to make a new part. They
show size, shape, kind of material, and method
of finishing. You will find them indispensable
in your work.

Occasionally, the Patternmaker may work
from an orthographic drawing or blueprint called
a PATTERNMAKER'S BLUEPRINT or a
CASTING DRAWING. A blueprint of this ty9e
is made as a single drawing of the unmachined
casting. A Patternmaker's blueprint shows
several things that an ordinary detail blueprint
does not show; for example, a Patternmaker's
blueprint shows allowances for machining, core
prints, draft, location of dowels, parting line
of the pattern, radii, and fillets as cast, shrink
rule to be used, pattern material, and material
from which the casting is to be made. Similar
drawings or blueprints may also be made for
the core boxes.

Blueprint Colors

Blueprints are exact copies of mechanical
or other types of drawings. A MECHANICAL
DRAWING is one made with instruments such as
compasses, rules, and dividers. Blueprints, or
prints, as they are often called. are made
from these drawings in much the same way that
photographs are made from negatives.

The negative for the blueprint is known as
a TRACING. It is made by placing a sheet of
translucent tracing paper or cloth over the
drawing. Everything on the drawing is traced
on the tracing paper or cloth with black water-
proof ink or a special black pencil. After the

279



PATTERNMAKER 3 & 2

tracing is completed, it is checked, and the
original d: awing is filed for future use. Some
drawings are made oirectly on the tracing
material in pencil and then traced with ink or
with the special black pencil.

Next, the tracing is covered with a sheet
of sensitized light-green blueprint paper and
placed in the blueprinting machine, with the
tracing toward the source of light. The sen-
sitized side of the blueprint paper must also
be toward the source of light which penetrates
the tracing at all parts not covered by lines
and causes a chemical action on the blueprint
paper. There is no chemical action under the
lines of the tracing because the black lines
block off the light.

After proper exposure, the sensitized paper
is remwed and washed in a developing solution
and then in clear water. The exposed portions
of the sensitized paper turn a deep blue durin6
the washing. The lines are white.

Any number of prints can be made from one
tracing if it is handled carefully. When a large
number of prints are required, they are made
in a blueprinting machine, but the same principle
is involved.

Blueprints aren't always blue. All kinds of
reproduced drawings are comni^lly referred to
as blueprints or prints. They may be white,
brown, black, gray, or other colors. The dif-
ferences lie in the kinds of papers used and
in the development processes.

BLACK-AND-WHITE PF.INTS have black
lines on white background.

AMMONIA PRINTS, or OZALIDS, have black,
maroon, purple, or blue lines on white back-
ground.

VAN DYKES have white lines on dark brown
background.

NEGATIVE PHOTOSTATS have white lines
on dark gray background.

Regard les.; of the color, you will have Lc)
become expert in reading the prints tnei in
visualizing their object. This skill is a MUST
if you are to succeed as a Patternmaker.

Care of Blueprints

Blueprints are not just scraps of paper.
They are valuable permanent records and can
be used again and again if you take care of
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them. Here are a few simple rules for getting
the best results from them:

1. Keep them cut of strong sunlightthey
might fade.

2. Do not allow them to get wet or grease-
smudged.

3. Do not make pencil or crayon notations
on a print without proper authority. If you should
get instructions to mark a blueprint, use a
pencil with colored lead which can be easily
seen against the background. Ordinary (black
lead) pencil marks are hard to see on a colored
background. Yellow is generally a good color
to use on blueprints.

4. Never measure distance on a blueprint.
If you cannot find a dimension on one view,
look at another view, if you still can't find it,
ask someone who knows. Why not measure?
Because the original mechanical drawings might
not have been drawn exactly to scale, or the
print may have shrunk or stretched.

5. Keep your blueprints stowed in their
proper place so that they can be readily located
the next time you want to refer to them.

READING A BLUEPRINT

Reading a blueprint is the act of recognizing
and applying the principles of ORTHOGRAPHIC
PROJECTION to interpret the shape of an object
from orthographic views. Orthographic projec-
tion is a method of describing the shape of an
object by two or more views on planes which are
perpendicular to each other. An orthographic
projection is so arranged that each view shows
the object from one direction, while a combina-
tion of two or more views show the complete
object.

It is easy to draw a single two-dimensional
view of one side of a cube. Since you know that
each side is square, a single square drawn to
scale will describe any side. Now, in order to
show that the object is & cube instead of a plane
figure, you will have to draw at least two sides
of it. The indicated relation of these two sides
to each other on the drawing is what is meant
by orthographic projection. In other words,
orthographic projection is the means for showing
the relationship of all sides of an object. ',See
fig. 9-1.)

"Third-angle orthographic projection is the
standard Or mechanical drawings." To under-
stand what this means, imagine that you have
a c-cbical box made of transparent material.
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65.19(68)
Figure 9-1.r... Perspective drawing of a cube.

B. Two sides of the cube in orthographic pro-
jection.

Now imagine that a cube is suspended in the
center of this transparent box. If you draw
dashed lines from the corners of the cube
toward one side of the box as shown in figure
9-2, you will see that each corner forms a
point on the surface of the box. If these points
are connected by straight lines, you will have
a square exactly the same as the squal.4 face
of the cube.

If you do this to all six sides of a solid cube,
you will have projected images of its sides on
the transparent box, as shown in part A of fig-
ure 9-3. Ndw, if you cut the transparent box
apart and partially unfold it, it will appear as
shown in part B of figure 9-3. Completely
unfolded and laid flat as if it were a drawing,
it will appear as sf-.Avn in part C of figure
9-3. This is third-angle projection.

Notice that dashed lines drawn from the
corners of one view in part C of figure 9-3
project to the corners of an adjacent view.
Since it is impractical for a draftsman to use
a transparent box in projecting the image of
an object, he uses this method instead. The
lines used to carry over the dimensions from
view to view are called CONSTRUCTION LINES.

The arrangement of the views in figure 9-3
is the usual one. However, the rear view may
be shown as if it were hinged to the left profile
plane or to the top or bottom planes, as well
as to the right profile plane. Even if you draw
only two or three views of an object, arrange
them In the relation in which they appear in
figure 9-3.
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68.65
Figure 9-2. Projection of one side of a cube.
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Take a Patternniaker's look at the blueprint
of a hinge for a piece of fire control equipment.
(See figs. 9-4 and 9-5.) It is typical of the kind
of repair jobs you will very likely get aboard a
repair ship or tender. As you look at this or any
other print, try to get all the possible answers
to these questions:

1. What is the size, form, and nature of the
object and what is its relation to the other parts?

2. What pattern construction will produce the
best casting?

Look at the title block of the blueprint first.
It will give you, in most cases, much information
about the job you are working on. Figure 9-4
shows the title block of the blueprint that includes
the drawing of the hinge. The hinge, as indicated
y the title block, is used for the rangefinder

1,ert :ewer and cover shaft of a gun director.
is to be made of phosphor bronze, grade

2 ,46-1'-5), and is a moving part. The scale
of the ari wing is full-size (1/1) and half-size
(1/2) and that knowledge is of value in visualizing
the object.

While looking at the title block, notice also
its "revisions" column. Be especl illy on the
alert for any blueprint changes th: have been
made in the field, even if they have not been
marked in the title block.

Be sure to determine from the title clock
WHAT METAL is to be used for the casting.
Many patterns and castings have been made
incorrectly when this basic point has been over-
looked. Metals do not contract alike and each
pattern must be made with a specific metal in
mind. Bronze alloys, for example, will shrink
and contract about 5/32 or 3/16 inch per foot.
The proper shrink rule for the specific bronze
alloy must be used or all measurements of the
hinge layout will be wrong.

Figure 9-5 is a reproduction of the blue-
print of the hinge. These two views give you the
shape and size of the finished casting of the
hinge. Study the views carefully, and as long as
necessary, in order to establish or visualize
the shape and proportions. Train yourself in
picking out the major characteristics or features
of each view. Try to pick out the basic design
of the object and temporarily eliminate sub-
ordinate parts, such as strengthening ribs, from
your analysis. By following the outline or visible
lines particularly, and by studying the two views
of this drawing, you should be able to come up

1 P a

Figure 9-4. Title block.
45.159(68)

with a mental picture of the hinge. Observe the
dimensions closely in order to get the correct
starting and ending point of each measurement.
Study the sectional view to better understand
the left end of the hinge.

Read all the notes that you find on a print.
Most of the instruction& will be for the Machinery
Repairman so that he may machine the casting
to the desired finish and dimensions. You will
have to provide some added finish allowance
for all surfaces that are to be machined later
by him. Be sure you understand the machine
finish symbol and any other symbols on the
print. A machine finished surface is designated
in several ways on a blueprint; by the older
symbol f, or the newer symbol V, or by speci-
fying the tolerance under the dimensions in
question, such as

282
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I I °
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Figure 9-5. Blueprint of a hinge.

The finish marks used on a blueprint show
what surfaces are to be machined or they may
indicate the varying degrees of exactness, the
character, or quality of the finish. The common
practice is to place a letter f so that its cross-
line intersects the line on the drawing requiring
finish, followed by a number or symbol selected
to represent different degrees of finish or
smoothness. When these numbers or symbols
are used, the finish is represented by a code
placed directly on the blueprint. The code used
in one blueprint will be applicable to that blue-
print only. On another blueprint, the same
numbers or symbols may have a different
meaning. Table 9-1 gives typical examples of
the finish designations used on Navy blueprints,
followed by a recommended allowance for each
type of finish.
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23.27(68)A

In some cases, words are used to indicate
finish. The following definitions should be used:

Term Meaning

"Cored"

"Cast Finish"

"Tool Finish"

"Bore or Bored"

"Turned"

"Hone or Honed"

The hole is left
as cast.

Surfaces indicated
are left as east.

Machine finish is
required.

Machine finish is
required.

Machine finish is
required.

Machine finish is
required.
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Table 9-1. Finish Designations on Navy Blueprints

Preferred
Symbols Meaning

Finish
Allowance

(inches)
Alternate Symbols

F
1

Rough Tool Finish 1/8 Vl Fr. FIN. TF.

F2 Fine Tool Finish 1/ 8 V2 F. Fs. SF .

F3 Grind .'finish 1/8 V3 Fg. Gr.

F4 Polish 1/16 V4 Bf. Buff

F5 Drill 1/8 V5 Dr.

F6 Ream 1/8 V6 Rm.

F7 File Finish 1/32 V7 ff. Ff.

F8 Scrape 1/64 V8 scr.

F9

Finish All

Spot Face 1/32 V9

F.A.O. f.a.o.
Over

If a part is to be machined all over, a note,
such as, "Finish All Over," "F.A.O." or
"f.a.o." may be used and the finish numbers
and symbols may be omitted.

After you have completed these steps, have
analyzed the print as much as necessary, and
know the shape and size of the object, you are
then ready to study the print further and reach
a decision on the pattern construction. You
must consider what type of pattern is the most
practicable to build and also the easiest to
mold, and to finish. This is perhaps the most
difficult as well as the most important phase
of your job as Patternmaker.

According to figure 9-5, there are no pres-
sure tight chambers, channels, pockets, or voids.
Thus, coring presents no problems. Another
factor in determining the pattern construction
is the number, size, and purpose of the
subordinate parts of the basic casting. The
hinge does not have any loose pieces and the
strengthening rib may be considered as an

68.187

integral part of the casting. If you select the
parted pattern type of construction, you will
have to determine where the parting line is to
be located. Where the parts of the pattern
separate is an important frctor in the deter-
mination of the molding position and arrangement
of the pattern. In many cases, taning it over
with the Molder will help in making the best
decision.

FREEHAND SKETCHES

Once in a while you will receive a hand-
drawn sketch to use as the basis of a pattern
layout. There are two major differences be-
tween a sketch and a blueprint of a finished
drawing: (1) a finished drawing (of which the
blueprint is merely a copy) is made with draw-
ing instruments, while a sketch is usually drawn
freehand: (2) the views on a finished drawing or
print are drawn to scale while the dimensions
on a sketch may or may not be drawn to scale.
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It is important to remember these differences
when you are working with a sketch.

To make a freehand sketch, you need paper,
pencil, and eraser. A al pencil may be used or
a common No, 2 pencil. Cross-section paper
like that used in making graphs or charts is
helpful. You c.an assign a value to a square, so
that it is easier to draw your sketch to rough
scale. (See fig. 9-6.)

To make a working sketch directly from a
machine part, you will need special instruments
to measure the part. The drafting scales are
too delicate to use on machinery. If the meas-
uring edge of the drafting scale is nicked, any
measurements taken from it when you are
drawing may be Inaccurate.

In measuring parts of machines, a steel
machinist's rule is useful. For cabinet work,
use a carpenter's rule. CALIPERS are in-
valuable for making accurate measurements of
machinery or tools. The curved legs of the
outside calipers make is possible to reach
places where the rule cannot be used. Inside
calipers are adapted to measuring the width of
holes or gaps.

Calipers can be used for taking measure-
ments which are accurate to within 1/64 of
an inch. It takes some practice, however, to
develop the right "feel" required for taking
measurements this accurate. When measure-
ments of a cylindrical piece are taken with
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68.67
Figure 9-6. Working sketch on cross-section

paper.

outside .calipers, the calipers should just touch
the piece but be free to slide over it under
their own weight. When you measure holes with
inside calipers, be sure the measurement is
taken in a plane exactly perpendictgar to the
Ws of the hole.

TECHNIQUE
OF SKETCHING

In freehand pencil sketching, draw lines with
a series of short strokes, instead of trying to
draw each line with one stroke. Using short
strokes, you can better control the direction
of your line and the pressure of your pencil
on the paper.

In sketching lines, swing your hand in the
direction your line should go and back again a
couple of times before you touch your pencil
to the paper. In this A 'y, you get the feel of
the line. In sketching lung lines, place a dot
where you want the line to begin and one where
you want it to end. Then use these dots to
guide your eye and your hand as you draw
the line.

Keep your freehand sketch neat. To do this,
sketch your lines lightly first. Lines which are
not essential to the drawing can be sketched
so lightly that it is not necessary to erase them.
Essential lines can be darkened by runni-1 the
pencil over them with more pressure after they
have been drawn light]. first.

Perfectly round circles are one of the most
difficult things to draw freehand. Figure 9-7
shows methods of drawing circles and curves
using straight lines as construction lines. First
draw two straight lines crossing each other at
right angles, as in part A of figure 9-7. The
point where they cross will serve as the center
of the circle. The four lines radiating from
this center will serve as the radii of the circle.
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You can use a piece of marked scrap paper to
measure an equal distance on each radius from
the center. Sketch a square, with the center of
each side passing through the mark defining a
radius. (See part B of fig. 9-7.) Now sketch
in your circle, using the angles of the square
as a guide for each arc.

In parts C and D of figure 9-7, four lines,
instead of two, are sketched crossing each other.
The radii are measured as in constructing the
other circle, but the square is not added before
the circle is drawn.

Figure 9-8 shows a convenient way of sketch-
ing arcs, tangent arcs, and curves by blocking
them in with straight lines.

When you are drawing a part, such as that
shown in figure 9-9, don't start at one corner
and draw it detail by detail and expect it to
come out with the various elements in correct
proportion. It is better to block in the overall
shape of the object first. (See part :1 of fig.

Figure 9-8. Sketching curves.

A

65.42

a

C

65.44
Figure 9-9. The use of construction lines in

sketching an object.

9-9.) Then draw light guidelines at the correct
angle for the various outlines of the object.
(See parts B and C of fig. 9-U Finish the
sketch, by first making an outline of the ob-
ject, and then drawing in the details, as shown
in part I) of figure 9-9.

ORDER OF WORKING
A F .EEHAND SKETCH

If you are assigned to make a working sketch
from a machine part or a model, first choose
a clean sheet of paper, either plain or ruled.
Estimate the size the sketch should be, and
select the views which will give the best picture
of the object. Then draw the orthographic pro-
jections of these views, leaving adequate .pace
between them for dimensions.

When you draw the views:

1. Sketch in centerlines, as shown in r :rt
A of figure 9-10.

2. Block in the views.
3. Sketch in the outlines, aligning Of .1 as

in part B of figure 9-10.
4. Draw the details on the surface of the

views.
5. Darken the lines of the finished drawing.
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6. Use an artgum or a kneaded eraser to
erase the construction lines which are no longer
needed.

7. Draw all necessary Extension and dimen-
sion lines.

8. Letter in the di..,nsions. (See part C
of fig. 9-10.)

MAKING PATTERN LAYOUTS

You will remember that a blueprint is a
copy of a drawing made to scale with the
conventional drawing instruments. Vou, as a
Patternmaker, mist redraw the part to be cast
to full-scale, using an appropriate shrink rule.
For maximum precision use a bench knife to
scribe the lines of the required views on a
pattern layout board. Be sure to consider the
specific molding requirements such as shrink-
ages, finishes, parting cores, core prints, and
loose pieces, if applicable. Dimensions and
blueprint notes are not usually shown on a
pattern layout. Only those full-scale views that
are necessary to the construction of the pattern
are shown on the pattern layout. You will find
that drawing the layout helps you to vis,ialize
the size and shape of the casting and also helps
you to outline a definite plan for beginning
your pattern construction. The layout enables
you to project centerlines: and construction
lines directly onto the partially constructed
pattern during various stages of construction.
The layout also helps you to make appropriate
templates and to check the completed pattern
and core box (if required) for accuracy.

Most Patternmakers consider a layout as the
stepping stone from the blueprint to the pattern.
When they have finished the layout, they use
it to make the pattern thus considerably reducing
the number of times that it is necessary to
refer to the blueprint.

In making a pattern layout, you should use
a dry board. If possible it should be of white
pine. The board should also be a little larger
than the actual size of the drawing. Smooth the
face of the board and square one edge for use
as a working edge from which you will make
most of your basic measurements. DO NOT
sand the surface of the layout board because
the abrasive particles of the sandpaper will
become imbedded in the layout board and will
cause the layout tools to become dull.

Check the surface with a straightedge for
wind and warp. For jobs requiring a layout
board wider than 10 inches, reinforce the board

with battens to prevent warping. If the layout
board is not properly prepared, your pattern
layouL will not have the required accuracy.

LAYOUTS
FROM BLUE PRINTS

In making a layout of a pattern from a
blueprint, you will usually find that all the
dimensions you need are indicated on the print.
The men who design and draw blueprints are
fully aware of the importance of all the necessary
dimensions being shown in prints. There will
be very few times when you will have to figure
it out foi yourself.

Referring to figure 9-5, you are now ready
to scribe the horizontal centerline of the lower
boss on the layout. This is the basic reference
line from which other measurements are to be
made and must, therefore, be scribed with great
precision. Hold the marking or panel gage flush
against the working edge of the board and scribe
this horizontal centerline in the direction of
the grain of the wood. Allow adequate space
on the board for the required views to be
drawn. With the aid of a combination square,
scribe the vertical centerline at right angles to
the horizontal centerline. Be sure that the bench
knife is especially sharp to avoid tearing the
wood fibers as you scribe across the grain of
the wood. After scribing these basic reference
lines, blacken them with a wedge-pointed or
chisel-pointed lead pencil.

Select the proper shrink rule for bronze.
To avoid any mistakes, stow away all other
rules except the one you are using for the layout.
Use the shrink rule to locate the left vertical
centerline as shown in figure 9-11.

Notice that the measurement is 5 inches
to the left of the right centerline. These two
centerlines will be used to obtain the center
points of the bosses, the cylindrically shaped
projections, which are the outstanding features
of the hinge pattern. Cut the lines deeply and
sharply and fill them in with a black pencil.
As a trick of the trade in measuring, it should
be mentioned that some Patternmakers DO NOT
use the first or last inch graduation markings
On the shrink rule as shown in figure 9-11.
It is believed that wear on the ends of a shrink
rule may result in an inaccurate measurement.
This is more or less a matter of individual
preference. Whenever this is done extreme care
should be taken to ensure that proper lengths
are measured from the starting, reference point
on the rule.
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Continuing the layout; Scribe the 1-inch
diameter boss on the left and the 1 1/4-inch
diameter boss on the right, using a pair of
dividers. The right boss is 1 7/10 inches above
the left boss. This is illustrated in figure 9-12.
(Note: When transferring a decimal measure-
ment from the blueprint to the layout, check the
table of decimal equivalents for the nearest
fractional measurement in 1/64 above the dec-
imal measurements. In other words, 7/10 inch
is approximately 0.703125 inches on the table

s
Y. .

68.68
Figure 9-11. Locating the left centerline.

t.

,,"..1( ;11' ,

Figure 9-12. Scribing bosses.

of decimal equivalents, or 43/64 inches.) The
next step is to locate the point for scribing
the curved portion of the right end of the pattern.
This point is 7/10 inch from the horizontal
centerline of the right boss. It is also 1 1/8
inches left of the vertical centerline (1 inch
from the outside of the rib plus 1/8 inch from
the center of the rib). Locate this point with a
combination square and a panel gage as shown
in figure 9-13.

Set a divider at 1/2 inch, 1 inch,1 1/4 inches,
and 1 3/4 inches and scribe the outline and rib
curves in this sequence. Now scribe vertical
lines tangent between these curves and the boss.
This completes the outline of the right end of
the pattern as shown in figure 9-14.

oublecheck your work as you make each
measurement because it is very difficult to
locate mistakes if you wait until the entire
layout is completed before checking your meas-
urements. Blacken the knife lines as you proceed
with the layout so that the form and shape of
the pattern will stand out prominently.

Scribe a top outline line tangent to the curve
previously scribed on the right end to a point
3/8 inch above the center point of the left boss.
Scribe a bottom outline line in t same way
to a point 3/8 inch below the centf waint. The
outlines of the rib are scribed f! points 1/8
inch above and below the cente ;Ant of the
left boss and tangent to the rib arves pre-
viously scribed.

,

4.0

68.70
68.69 Figure 9-13. Locating the point for scribing the

curved portion of the right end of the pattern.
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Next, scribe the outline of the left end of
the pattern. The 2-inch flit surface is scribed
at a point 6/10 inch above the boss center. The
round edges are scribed at radii of 1/20 inch
except for the point where the blueprint indi-
cates a 1/10-inch radius. Figure 9-15 shows
the completed outline of the left end of the
pattern.

Using the blueprint dimensions and the verti-
cal lines of the top view, scribe the side view

A:

23.27(68)B
Figure 9-14. Completing the outline of the right

end of the pattern.

of the hinge on the layout. This is shown in the
bottom view of figure 9-16.

So far the tayout has been mostly a repro-
duction of the blueprint made with a shrink
rule. But now you must consider whet additional
features the layout and pattern must have to
aid in the making of the mold. Two features,
the parting line and the machine finish allow-
ance, are needed in the layout of the hinge. As
there are no holes to be r It in the hinge, cores
are not used in this case

In laying out a patt. you must also con-
sider the easiest and quickest method of removing
the pattern from the sand so that production
will not be delayed.

There are no set rules for establishing
parting lines as they are determined primarily
by the nature of the casting to be made. For
our sample layout then, it has been decided
that the best plan is to split the hinge pattern
with the parting line coming in the middle.
A heavy line with two arrows pointing inward
at each end (
is used to represent the parting line on the layout
as shown in figure 9-17.

Now indicate on the layout where additional
thickness must be added to the blueprint di-
mensions wherever the metal is to be machined
later. This machine finish allowance is indicated
by darkening or coloring the required allowance
as shown in figure 9-17. The amount of allow-
ance that is added varies for the different
metals. In average cases, 3/16 inch to 1/4
inch is allowed for steel castings. For most

23.27(68)C
Figure 9-15. Completing the outline of the left 23.27(68)D

end of the pattern. Figure 9-16.Layout of the side view completed.
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the castings are made, the layout and the pattern
are usaa.Uy stowed in the pattern storage area
for future reference, if storage space is
available.

One note of caution must ue mentioned con-
cerning the construction of a pattern from a
layout. As a general rule, draft is NOT shown
on the layout and you must remember to include
it all the time you are building the pattern. The
exact amount of draft allowance depends upon
the specific job and is often decided upon in
conference with the Molder. Sufficient draft
must be provided to facilitate the withdrawal
of the pattern from the mold. On small, straight
patterns the us"al draft allowance is 1/8 inch
per foot. On. a pattern 3 inches deep, you will
use approximately a 1/32-inch draft allowance.

23.27(68)E
LAYOUTSFigure 9-17. Parting line established and FROM CASTINGSfinishes added.

cast iron castings, 1/8-inch finish allowance is
sufficient. For brass, bronze, and aluminum
alloys, 1/16-inch finish allowance is generally
satisfactory. It is a good practice to check with
the machine shop and find out how much allow-
ance for finishing they want on their castings.

Whenever possible, design the pattern so
that the machine finish surfaces will be cast
in the drag. If some machine finish surfaces
are to be cast in the cope, provide an extra
allowance so that the casting can be machined
to a greater depth to remove any sand or
impurities that may have floated to the top of
the casting.

Shellac the completed layout to keep the
layout clean. As an extra precaution, the entire
layout, including the edges of the layout board,
should be shellacked to prevent warpage. Before
getting started on the actual construction of the
pattern, you mast check the completed layout
against the blueprint. Check all measurements,
finish marks, and blueprint notes to make sure
that the layout is an accurtte representation of
the pattern to be built. In some pattern shops,
the PM1 or PMC will make the final inspection
of the layout. Very often the PMC will use the
layout as a training aid to instruct you and other
pattern shop personnel in various construction
techniques. After you have completed the con-
struction of the pattern, the PM1 or PMC will
make a final inspection of the pattern, the
layout, and the blueprint, for accuracy. After

Thus far you have been given the procedure
for making a pattern from a blueprint. Very
oiten you will be required to make a pattern
from a worn or broken casting without the aid
of a blueprint. In scribing this layout, you
must first obtain (by checking the casting) the
centerlines or basic construction lines which will
form the basis of the layout. The centerlines
may be found very accurately by placing the
sample casting on a surface plate. You then
measure them from the surface plate to the
center of the bosses, outlets, or holes by means
of standard rules, squares, gages, or calipers.
It is always best to work from a casting's
machined steface if one is available. After the
centerlines .save been established by this method,
you promo': to scribe the outline of the. casting
and to add the necessary details. Remember
that the proper shrink rule must be used when
transferring the standard rule measurements
from the casting to the layout.

Tne following procedure is presented as a
guide for drawing a layout from a caking;

1. First, find out from what part cd the
major assembly the worn casting was removed.
Be sure you understand the purpose and function
of the assembly.

2. Inspect the part and the rest of the unit
closely to identify the surfaces which :equire
machining. In some cases it may be necessary
to build up or restore the dimensions of the
worn surfaces.
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3. Apply the standard metal tests such as
the spark, chip, or file tests, in order to identify
the kind of metal used in the worn part.

4. Make a working sketch of the casting by
transferring all measurements from the worn
part, using the standard measuring instruments
such as calipers, scale, trammel, dividers, etc.

5. From the sketch make a layout, using
the proper shrink rule.

6. Locate the core prints and add the proper
machine finish allowance.

7. Doublecheck the layout carefully against
the sample casting before proceeding with the
construction of the pattern.

GLOSSARY OF TERMS

The f( 'lowing definitions are of terms used
in chapter 10.

BACK DRAFT An undesirable application of
draft on a surface of a pattern. The draft slopes
in the wrong direction, preventing the proper
withdrawal of the pattern from the mold.

CHILL A metal object placed in the wall of
a mold, causing the metal to solidify more
rapidly at that point,

COLLAPSIBLE PATTERN A pattern so con-
structed as to permit its removal from the
mold in sections.

DRAWBACK Portion of a mold supported upon
an iron plate which is so arranged that it may
be drawn back for the removal of the pattern,
and then reseated at the proper time in its
relationship with the remainder of the mold.

.1=1=111=1MIN.1.

GREEN SAND CORE A body of sand usually
formed directly from a pattern in making the
mold. A core that is rot baked.

MASTER PATTERN A pattern embodying a
special additional contraction alloWanee and used
for making castings that are to be used as
patterns in production work.

MATCHED PARTING Forming of a projection
upon the parting surface of the cope half of
a pattern and a corresponding depression in the
surface of the drag.

MATCH PLATE Wood or metal plate to which
a pattern is attached at its parting line.

MEDIUM GRADE PATTERN A pattern used
only occasionally which may therefore be of a
cheaper nature than a standard pattern.

PATTERN MEMBERS The component parts
that go toward making up a pattern.

PATTERN RECORD CARD A filing card giving
a description, location in storage, and the move-
ment of a pattern.

SPLIT PATTERN A pattern that is parted
for convenience in molding. A parted pattern.

STANDARD PATTERN A pattern in daily use
or used as frequent intervals and therefore of
first quality workmanship and material.

TEMPORARY PATTERNA pattern used to
produce only one or two castings and therefore
made as cheaply as possible.
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CHAPTER 10

PATTERN EQUIPMENT

The Patternmaker is responsible for pro-
viding the foundry with practical and economical
pattern equipment to suit the quality and quantity
of all castings. Accurate, well constructed
patterns, made of suitable materials, designed
to conform to foundry requirements will not
only speed up production, but will eliminate
many of the more common casting difficulties;
thus resulting in the production of sound, usable
service castings.

A PATTERN is defined as a full-size model
made of a suitable material with provisions
included for molding, coring, and machining
from which a refractory mold is made. A pattern
is the basis for all foundry practices.

Further study of the definition of a pattern
will provide the following information:

The term FULL-SIZE MODEL is used to
distinguish the pattern from a scale or sub-size
object used to convey an idea.

The term SUITABLE MATERIAL is used
to distinguish the material from which a pattern
is constructed to provide the maximum wear
for the number of castings to be produced.

The term PROVISIONS F07.1 MOLDING AND
CORING includes such items as: (1) proper
shrinkage allowance to compensate for the
contraction in the solidification of molten metal,
(2) proper draft on pattern surfaces that is
necessary for the withdrawal of the pattern
from the mold, and (3) the provision of ample
projections or core prints of sufficient bearing
surface and size and shape to form impressions
in the mold cavity to support and locate the
cores necessary to form the interior or exterior
of a casting.

The term PROVISIONS FOR MACHINING
includes the extra stock and machining lugs
necessary for machine setup allowed on the
pattern to permit machining the casting to
accurate dimensions or a smooth finish.

CLASSIFICA . IN OF PATTERN
E01....PMENT

Pattern equipment is a general term used
in the trade to .1fer to the great variety of
types of patterns that are required in cast
metal production. Although several different
materials, such as wood, metal, plaster, and
plastics are used to construct pattern equipment,
the equipment itself may be classified for
convenience as follows: loose patterns, single
patterns, gated patterns, match plates or match-
boards, cope and drag patterns, and special
equipment (follow boards, skeletons, part
patterns, and sweeps). Remember that this is
an arbitrary classification for convenience. Other
books may present other methods of classification
that may be just as good. Cores may be required
in any of these types of patterns to form an
internal cavity in the mold.

Under the broad classification of loose
patterns are the one-piece patterns and the
one-piece built-up patterns. A one-piece pattern
is a solid pattern but is not necessarily made
from one piece of wood. A one-piece built-up
pattern is a pattern that is not necessarily
made from one piece of wood; it can be a series
of pieces formed to make a certain shape, but
the pattern will be in one piece.

TYPES AND KINDS
OF PATTERNS

Although the number of castings required
from a pattern will somewhat determine the
TYPE of pattern to be manufactured, the KIND
of pattern will specify the construction and
molding procedures.

The type of pattern used is to facilitate
a certain molding problem and is not related
to the number of pieces or form of joinery
that enter into the construction of the pattern.
The kind of pattern is related to the grade
and future use. Whether patterns are temporary,
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medium, or standard grades, the best materials
and workmanship should go into their manu-
facture. A TEMPORARY GRADE PATTERN
is a pattern used to produce only one or two
castings and therefore made as cheaply as
possible. A NISDILTNI GRADE PATTERN is a
pattern used occasionally which may be made
cheaper than a standard grade pattern. A
STANDARL GRADE PATTERN is a pattern in
daily use or used at frequent intervals and
requiring only minimum repairs.

In designing pattern equipment, remember
that the pattern is only a means to an end.
Patterns are used as tools by the Molder to
make molds, which in turn are used to produce
castings. Thus you must consider mold design
before you begin building pattern.

Since a given casting can usually be produced
wit's any of several types of pattern equip-
ment, you should be familiar with the general
characteristics of each type, and the circum-
stances in which one type of equipment rather
than another offers the greatest advantage. The
type of pattern equipment and the construction
procedures selected depend partly on the
complexity and shape of the casting required
and partly on the number of castings to be
produced. Another important conside-ation is
the cost of material and labor per casting.

In the mass production of castings, every
attempt is made to design the pattern so as
to reduce molding costs. Sometimes it may
be more economical to spend a little more on
the pattern equipment, if by doing so, it will
reduce the cost per casting. When only one or
two castings are required and when speed of
production is the important factor, as in most
work aboard repair ships or tenders, the
Patternmakers and Molders will usually use job
shop rather than production shop procedures.
Because of all these factors, the proper design
of pattern equipment and close cooperation be-
tween the Patternmaker and the Molder are
essential to the production of sound castings
as quickly as possible and at minimum cost.
One of the basic decisions made by the Pattern-
maker and the Molder is to determine the best
type of pattern for the foundry molding.

The following sections discuss the relative
advantages and disadvantages of each type of
pattern equipment.

Loose Patterns

The SINGLE LOOSE PATTERN is of greatest
use when only a few castings are to be made.

For very elementary projects, the Patternmaker
may decide to use a loose pattern of the solid
or one-piece type shown figure 10-1. This is
a relatively cheap and simple pattern to build
because it has no partings. However, the coat
of melding and the risk of a casting failure
are increased since the pattern must be molded
as a unit. The major molding difficulty is
lifting off the top of the flask without rapping
the pattern and without having the cope sand
stick or drop out. To avoid this difficulty and
to simplify the molding process, the Pattern-
maker probably will make a parted (split)
pattern. (See fig. 10-2.) A parted pattern has
separable cope and drag halves which are parted
horizontally through the centerline. The methods
used by the Molder in ramming the sand around
parted parts of a pattern are discussed in
another section of this training manual.
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Figure 10-1.A solid pattern.
68.61

23.67.1
Figure 10-2.A parted pattern: A. Cope 13103.

B. Drag side.
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From the Molder's point of view a single
loose pattern, whether it be of solid or parted
construction, is time consuming to work since
it requires the maximum number of hand
molding operations. Often the time required
to cut gates and risers by hand equals the
time required to make the mold itself. But a
more important consideration is the potential
this type of pattern has for the production of
uniformly sound castings. Frequently, when a
number of castings are made from a single
loose pattern, the quality of the castings pro-
duced varies because tne size and shape of
gates and risers provided differ from mold to
mold. This difficulty is most apparent when the
Molder's skill is not sufficiently well developed
to exactly duplicate the desired gating system
from one mold to the next. Another fault
inherent in loose wooden patterns is that they
warp easily and are subject to damage in handling,
in spite of the precautions usually taken by
the Patternmaker in constructing the pattern.

The GATED PATTERN represents a step in
the direction of quality control. It may be a
single or a multiple :oose pattern as shown
in figure 10-3. A gated pattern reduces the
overall molding time and, in the case of multiple
parts produced in one mold, the permanently
attached gates serve to hold the several parts
in their proper relationship to each other
within the flask. More important, though, is
the fact that this type of equipment cuts down
the number of hand operations, eliminates the
possibility of variation in the size of the gates,
and thus increases tile probability that castings
of uniform quality will be produced from the
pattern equipment. Although the Patternmaker
in this case forms the gates and risers as
well as the pattern, this does not relieve the
Molder of his responsibility for their design.
In other words, when using gated patterns, the
design and construction of gates and risers
requires close cooperation between the Pattern-
maker and the Molder. Gated patterns, especially
those made of wood, must be carefully handled
since the relatively small gates are fragile.
Like loose ungated patterns, gated patterns are
subject to warpage. Nevertheless, gated patterns
represent an economical improvement over un-
gated patterns when a small number of simple
castings is required.

Mounted Patterns

MATCH BOARD or MATCH PLATE equip-
ment is indispensable where a fairly large

a

18.13X
Figure 10-3. Gated patterns.

number of small castings is to be made. Even
though the number to be produced on a single
job order is not unusually large (say 50 to 100),
a matchboard may be used if the part is one
that is likely to be called for repeatedly. A
typical matchboard is illustrated in figure 10-4.

Master or universal match plates made of
wood, aluminum, magnesium, or steel may be
purchased to fit any standard flask. Normally,
though, the Patternmaker makes the board of
plywood or by gluing strips of wood together
so that warping is prevented. Matehboards are
made with flask pin holes or flask slides which
exactly fit the particular size flask to be used.

The patterns for the individual castings
usually are made up as single parted patterns
and mounted on the board with brads or wood
screws. The complete gating system usually
is mounted securely on the matchboard also,
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18.14
Figure 10-4.Matchboard: A. Cope side. B. Drag

side.

as shown in figure 10-4. Great care must be
taken so that all the patterns mounted on the
board will be exactly alike, and that cope and
drag halves are in perfect alignment. To prevent
wear during use, metal strips are usually
attached at wear points on the board.

Although the possible advantages of molding
with matchboards are fully realized only in
the production foundry, the Navy foundryman
can also benefit through their use in the
production of small castings in bench molds.
Assuming that the matchboard equipment is
properly made, its use increases the Molder's
efficiency by eliminating nearly all hand molding
operations, produces castings of uniform quality,
and increases yield by reducing the amount
of scrap in the form of rejected castings.
Mounted pattern equipment has a greater service
life since it is more resistant to rough handling 18.15X
and warpage. Figure 10 -5. Cope and drag pattern equipment.

COPE and DRAG PATTERN equipment is in
many respects similar to a match plate. The
principle difference is that the drag portion
of the pattern is mounted on one plate, while
the cope portion is mounted on another. (See
fig. 10-5.) Cope and drag equcpment it usually
used for patterns that are too la to be
:tonreniently mounted on matehboarde. Both
types of equipment produce a dimensionally
accurate mold with a minimum of hand molding
operations. A further advantage of cope and
drap equipment in production work is that two
Molders can work separately on the job one
molds copes, while the other molds drags. In
the job foundry, cope and drag pattern equip-
ment is seldom used because the volume of

k
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production is not sufficient to justify the cost
of the pattern equipment.

Master Patterns

A master pattern is ti,e name given to a
pattern having a double contraction or shrinkage
allowance. The castings made from the master
pattern are used by the Patternmaker in making
duplicate patterns that will have only a single
contraction or shrinkage allowance for the par-
ticular metal required of the final casting. An
allowance is made not only for the shrinkage
of the metal pattern, but also, a second allowance
is added for the shrinkage of the casting produced
from the metal pattern. For example, a master
pattern constructed for an aluminum pattern to
be used in producing bronze castings has the
shrinkage allowance for aluminum (5/32 inch per
foot) plus the shrinkage allowance for bronze
(3/16 inch per foot) or a total shrinkage allowance
of 11/32 inch per foot. If the final casting is to
be machine-finished, further allowances mist be
made for finishing the metal pattern and final
casting. The actual metal pattern is made in the
foundry by the Molder the same as any other
casting of similar complexity would be made.

The different types of material that can be
used in the construction of master patterns are
numerous. These types include wood, plaster,
aluminum, brass, bronze, sheet lead and white
metal. As comparatively few castings are made
from a master pattern, the cost of the materials
is held to a minimum so that the pattern can be
made as economically as possible. Therefore,
for the general purposes of lower cost and of
speed in the manufacture of a master pattern,
pine is the most logical material to use

Special Pattern Equipment

Special pattern equipment is a catch-all
category including follow boards, ram-up blocks,
sand matches, sweeps, and skeletons. Of these,
the most frequently useful device is the follow
board. It has two main applications: to aid in
the molding of irregular parting patterns, and
to mold with patterns that would be too fragile
if the pattern were parted to form the parting
line. A typical follow board is illustrated in
figure 10-6. The device shown is essentially
a special mold board into which a recess has
been cut to fit the parting line of the pattern
for which it is designed. Its use is Cm same
as that of a regular mold board. The special
name stems from the fact that the board is
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made for a particular pattern and FOLLOWS
that pattern around during the drag's rollover.
Patterns having an irregular parting line often
may be molded with greater ease and accuracy
with a follow board constructed so that its
surface matches the pattern's irregular parting
plane. (See fig. 10-7.)

RAM-UP BLOCKS are special devices which
support and prevent thin-shelled patterns from
springing or breaking during the ramming
operation. The block usually is made of wood,
but may be made of plaster. In either case,
the block must accurately fit the portion of
the pattern that it is to support. For the
symmetrical pattern shown in cross section
in figure 10-8, a wood block would he turned on
a lathe. The Patternmaker may make the ram-up
block as a loose auxiliary part or he may fasten
it to the mold board, depending upon the pref-
erence of the Molder who is going to make the
m .

18.16X
Figure 10-6. Follow board.

23.64
Figure 10-7. Using a follow board to obtain an

irregular parting line.
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Figure 10-8. Ram-up block.

Although the ram-up block shown in figure
10-8 is intended to serve as a pattern protecting
and supporting device, to prevent springing or
breaking the pattern, it also functions as a
follow board. Sometimes it is difficult to dis-
tinguish between a match plate, ram-up blcAlk,
and a follow board. In making a distinction
where a device serves more than one purpose,
classify it according to its PR INC IPA L
FUNC ZION.

SKELETON PATTERNS are wooden frames
designed to help the Molder make the mold. They
are especially useful in the production of very
large hollow or shell-like castings, such as
large pipes, elbows, or housings. Usually, the
Patternmaker provides the Molder with sweeps
or strickles with edges cut to the cross-
sectional shape of the casting to be made. The
skeleton technique can also be used in making
cores. Figure 10-9 illustrates the skeleton con-
struction of a core box and the accompanying
sweep made by the Patternmaker. The Molder
does the rest of the work by hand.

Almost any reasonable shape and metal
thickness can be swept with the proper templates
and sweeps. However, the sweep technique is al
economical procedure only when one or tv o
castings having a relatively simple shape ae
required. When the shape is complex, sweepi
is impractical. If more than a few castings t.re
required, even a simple shape can be produced
more efficiently with a pattern. The technique
is employed so infrequently in modern foundry
practice that it is practically a lost art. In job
shops such as those aboard repair ships and
advanced hues, the use of sweeps and skeletons
may be advantageous for certain classes of
large but symmetrically shaped castings where
repeat orders are unlikely. Here their advantage
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18.19X
Figure 10- 9. Skeletons and sweeps.

is twofold: the time and expense of patternmaking
is negligible, and the problem of storing a bulky
pattern is eliminated. To construct a satisfactory
mold with sweeps and skeletons is a real
challenge to the Molder's skill.

If the casting desired is symmetrical about a
central axis, the Patternmaker will mount the
sweep on an upright spindle. The Molder then
centers the upright spindle in a bed of packed
sand and forms the mold cavity by rotating the
sweep through the bed of sand until the desired
mold shape is formed. See figure 10-10.

This method of forming circular molds is
especially useful in making gear blanks, hand-
wheels, pulleys, pump and impeller housings.

The PART PATTERN is another type of
paiLern equipment that is also applicable to
circular work. A part pattern is actually only a
portion of a pattern that is constructed so that
the Molder can form the complete mold in stages,
moving the part pattern from section to section
in the mold. Marine propeller patterns are most
often made as part patterns. The Patternmaker
will usually build only one blade and the hub or
one blade and the corresponding section of hub
as the entire pattern. Appropriate jigs or vertical
spindles are necessary to hold the part
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68.62
Figure 10-10. Forming a mold with spindle and

sweep.

pattern in perfect alignment during the molding
procedures.

The Molder mounts the hub of the propeller
pattern on a vertical spindle in the center of a
bed of sand in a large flask. He then rams the
mold for the single blade and rotates the pattern
about the spindle to get the pattern in the
correct position for molding the second blade
of the propeller. If a four-bladed propeller is
required, the Molder will rotate the pattern
900 abouL the spindle. If a three-bladed pro-
peller is required, he will rotate the pattern
1200 about the spindle. Thus, using a part pat-
tern of a single blade and hub and appropriate
fixtures or jigs, the Molder may cast a pro-
peller wheel with the required number of blades.

PART CORES are used in the same manner
as part patterns, especially where long cores
of the say.ae cross section are required. Part
cores are especially useful in making cores
for long lengths of pipe. Instead of making one
very long core box, the Patternmaker will make
a shortened core box. The Molder then rams
up a sufficient number of the short cores and
places them end to end to give the required
length. While you are pasting the part cores
together, be sure to keep them in perfect align-
ment by using a jig, arbor, or fixture.

In building skeleton patterns, sweeps,
strickles, and part patterns, the Patternmaker

must work with very close precision because
any errors will be exaggerated in the molding
procedures.

PATTERNS WITH LOOSE PIECES do not
actually comprise a separate classification of
types of pattern equipment. Loose pieces may or
may not be used in conjunction with any of the
types of pattern equipment mentioned thus far.
They are brought in at this point because they
are so closely related to pattern design and
the solution of some of the specific molding
problems under discussion.

Many patterns with flanges, bosses, pads,
and the like, have projecting parts which form
undercuts that prevent the withdrawal of the
pattern from the sand without tearing up the
mold. To simplify the Molder's job of with-
drawing such a pattern from the mold, the
Patternmaker will construct the patterns with
loose pieces. A loose piece is defined as a part
of a pattern attached to the main body of the
pattern with a metal rod or skewer. The loose
piece remains in the mold and is taken out after
the main body of the pattern is removed. (See
fig. 10-11.)

The Molder rams the pattern in the conven-
tional way and removes the skewers. This frees
the main body of the pattern from the loose
pieces. He then withdraws the main body of the
pattern leaving the loose pieces in the mold.
Next, he reaches down into the mold, carefully
draws the loose pieces from the side wall into
the main mold cavity, and then lifts the loose
pieces out of the cavity. It is good practice for
the Molder immediately to replace the loose
pieces on the pattern to make sure that all the
loose pieces have been picked out of the mold
before pouring the casting.

CORE BOXES

Although core boxes may be classified as
special pattern equipment, they actually are
part of the pattern made for a particular job.
Therefore, core boxes should be treated as
patterns. A description of cores and core boxes,
their uses and methods of construction are
presented in chapter 11 of this training manual.

PATTERN EQUIPMENT
CONSIDERATIONS

The fundamental requirement of all patterns
is that they must be so formed that the Molder
can build up, with their use, molds of such shape
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LOOSE PIECES

Figure 10-11. Pattern with
18.22(68)

loose pieces.

:.hat the desired casting may be made with them.
Therefore, the Patternmaker must have a knowl-
edge of the various molding processes and
methods 'n addition to the basic design rules, to
create and construct patterns and core boxes
so the Molder can use them to the best advantage.
(See chapter 2 of this training manual.)

Guidelines for construction and checkpoints
for determining the suitability of a pattern are:

I. Provide for the use of :Iry loose pieces
required on the pattern or core box.

2. Plan to have as much mold cavity in
the drag as possible.

3. Use the proper shrink rule for the
characteristics of the metal concerned.

4. Ensime that any necessary distortion
allowance has been incorporated in the pattern.

5. Provide sufficient finish allowance for
machining to the required overall dimensional
tolerances.

6. Apply the proper draft in accordance with
the size and shape of the pattern.

7. Ensure that the pattern has the proper
strength and finish to withstand the abrasive
action of foundry materials.

STRENGTH OF PATTERNS

The strength of any pattern is governed by
the construction methods used. You should
already know some methods of good pattern
construction from practical instruction received
on the job. Some of these methods of construction
and pattern features that can be incorporated
into a pattern to obtain maximum strength are:

1. Using the maximum thickness of lumber
for the job.

2. Building small patterns from solid stock
with carved fillets or leather fillets attached.

3. Using dado joints or lap joints whenever
possible.

4. When practicable, making small fragile
patterns out of metal.

5. Building up turned work with segments,
then gluing and nailing where practicable.

6. On staved work, using the stile and rail
method, bracing both laterally and longitudtnally.

7. Spacing the distance between headers on
staved work.

8. On turned flanges, inserting the flange
material below the surface of the pattern to
eliminate any feather edges.

9. Using wood dowels and screws whenever
possible for reinforcing joints.

10. On large flat work, using stop-offs to
eliminate any warping.

11. Using follow blocks, ram-up blocks, follow
boards, and ram-up boards on fragile patterns.
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ACCURACY OF PATTERNS

To produce a casting "true to the blueprint,"
it is necessary to make the pattern of such di-
mensions and shape as to allow for the natural
shrinkage of the metal, the effects of mold
restriction, and any other controlled phenomena.

Unless the Patternmaker knows the foundry
process to be used in the production of castings,
he should not design and construct a pattern
with any closer tolerances than one-half the
maximum shrinkage allowance required for the
specific metal. Inasmuch as wood shrinks or
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swells due to the moisture absorption while
the pattern is being constructed, it is almost
impossible to hold dimensional tolerances any
closer. Although metal patterns, plaster pat-
terns, and plastic patterns can be held to a
closer tolerance than wood patterns, do not apply
closer tolerances than absolutely necessary.

PLANNING OF' PATTERN
EQUIPMENT

Pattern equipment, as a rule, is not an
exact duplicate of the finished product, because
the equipment is supplemented by special allow-
ances necessary for the molding and machining
processes. Therefore, the Patternmaker and the
Molder should cooperate in order to obtain the
most accurate means of producing a sound,
usable casting.

In addition to the basic types and kinds of
patterns previously discussed, the planning stage
for pattern equipment should include consid-
eration of the following:

1. Location and kind of parting line
straight or irregular.

2. Kinds of cores green, dry, green-topped,
or CO2.

3. Location and size of core prints and/or
chaplets.

4. Locatio, and size of chills.
5. Projections requiring loose pieces.
6. Allowances for shrinkage, distortion, draft,

machine finish, and machining lugs.
7. Type of material the pattern equipment

is to be made of.
8. Metal or alloy to be cast.
9. Overall basic design rules that facilitate

the production of a sound casting.

Pattern and Mold Partings

When referring to the parting of a mold or
of a pattern, the plane separating the cope and
drag is called the parting plane; when the parting
is viewed as a line, it is called the parting line.
There are two methods of parting a pattern:
straight partings and curved (irregular) part-
ings. With straight partings, which are the
most common, the line of pattern separation
lies in one plane. With an irregular parting
pattern, the line of pattern separation is not a
straight line, but cuts through two or more
planes. Whenever possible, a straight parting
should be used as it is simpler to handle in
the molding process. if the irregular parting

causes a deep pocket or recess, the pattern
should be redesigned so that a molding method
with a straight parting line requiring a core
or a match plate can be used.

As a general rule, it is desirable to have
all (or the greater portion) of the mold cavity
in the drag for ease in molding. It is preferable
to choose a parting which has a deep drag in
order to reduce the weight of the mold. Reducing
the weight of the cope is more important than
reducing the weight of the drag because the cope
requires more handling. It is also desirable to
design the pattern so that the thickest sections
of casting appear at the parting line in order
that the casting can be fed most effectively.

In general, the line or plane selected for
the pattern's parting will cut the pattern in such
a manner that the parts separated are symmetri-
cal (the parts correspond in size and shape).
Pattern symmetry should not be the final con-
sideration when deciding on the parting line.
Before determining the pattern's parting, a
decision must be made as to how the whole
piece can be molded to produce a sound casting.
Once this decision is made, choose the parting
line which will give the best draw, and requires
the least cores and loose pieces.

Cores

For detailed information concerning the
classes and characteristics of cores, core prints,
types of cores, core boxes and the various
me hods of construction, refer to chapter 11 of
this training manual.

Chaplets

CHAPLETS are metal supports which are
placed in the mold cavity to hold a core in
place when normal molding methods are in-
adequate. The use of chaplets should be avoided
whenever possible. When used, it is essential
that they are absolutely clean. Since chaplets
become a part of the casting itself through the
fusion of the surrounding molten metal in the
mold cavity with the chaplet their composition
must be suitable for the metal from which the
casting is poured. Soft steel chaplets are used in
ferrous metal castings, and copper chaplets are
used in brass and bronze castings.

In addition to having the proper composition
steel or copper the size of the chaplet must be
properly proportioned with the cross-sectional
thickness of the part of the casting in which it
is used. A chaplet made from the leas : amount
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of metal possible, but having sufficient strength
to support the core, should be used. The use of
oversized chaplets will result in poor fusion and
may cause the casting to crack in those areas
where the chaplet is located.

Chaplets of many types are available, but
those shown in figure 10-12 are suitable for
most applications. Prefabricated, double-ended,
plain: stem chaplets are used with ferrous cast-
ings. Perforated chaplets, made by the Molder
from rectangular strips of copper, are used
with nonferrous castings.

Chills

CHILLS are metal devices used by the Molder
to accelerate the solidification of metal incert^.I,
heavy sections of a casting. Two kinds of chills

wE,DED AE'ED

68.63
Figure 10-12. Types of chaplets: A. Double-

headed. B. Stem. C. Perforated.
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are used by the foundryman external chills
and internal chills. Typical examples of both
types are shown in figure 10-13.

The face of an external chill has the same
contour as that of the mold surface in which it
is embedded. External chills may be cast to
shape or they may be made from strip, bar,
or rod stock. In any event, the metal from which
the chili is made must have a higher melting
temperature than that of the metal being cast.
When external chills are used the following rules
should be borne in mind:

1. Chill surfaces must be clean and ac-
curately fitted to the casting area to be chilled.

2. The ends and sides of large, heavy, ex-
ternal chills should be tapered. Drastic cooling
at the edge of chills will cause stresses to
develop, which may result in cracks.

23.18
Figure 10-13.Chills: A. External. B. Internal.
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3. External chills must have sufficient mass
to prevent the metal in the casting from fusing to
the chill. At the same time, however, they must
not be so massive that their effect interferes
with solidification in other parts of the casting.

Internal chills must have the same basic
r.omposition as the metal being cast, because
they, like chaplets, become a part of the finished
casting. For this reason, internal chills must be
perfectly clean. Oxide, oil, or mold wash mast
be eliminated or harmful effects to the casting
will result from the gases produced.

The size and shape of the chill is very
important. Flat, solid chills should have a
streamlined shape. A shape of this sort permits
any gases that may be formed to rise easily
to the casting surface. In regard to size, chills
which are too small will not accomplish their
purpose of inducing solidification. On the other
hand, chills which are too large may cause
cracking to occur in the casting.

Properly locating chills, and thereby con-
trolling the solidification of metal in a mold,
requires considerable knowledge and experience.
When the striker or ML3 must use chills, he
should do so only under the close supervision
of an 1VIL1 or an MLC.

Loose Pieces

Many patterns are of such shapes that pro-
jecting elements (bosses, undercuts, and flanges)
which are above or below the parting line form
back draft to the line of withdrawal of the pattern
from the mold. These projecting elements cannot
be withdrawn at the same time as the main body
of the pattern. This common problem can be
solved through the use of loose pieces or draw-
backs.

A loose piece is a pattern part that remains
in the mold while the main body of the pattern is
removed. The loose piece is carefully drawn
from the mold wall into the main mold cavity,
then lifted from the mold. (See fig. 10-11.)
This is called "picking-in."

The function of the drawback is similar to
that of a loose piece. Instead of being a pattern
part, however, the drawback is a special kind
of green sand core, rammed up into the mold on
a supporting structure so tha, it may be drawn
back and lifted away to clear an overhanging
portion of the pattern, thus pe..mitting pattern
removal. (See fig. 10-14.) After the pattern
has been removed, the drawback is relocated
in the mold. The mold face contour of the

Yr-

Figure 10-14.A drawback.
18.22.1

drawback is formed by the pattern itself rather
than by a core box.

Pattern Allowances

Whatever the type and kind of pattern and
the construction method employed, the pattern
must embody certain allowances if it is to
satisfactorily play its part in the finished product.
For example, the pattern must provide shrinkage
(contraction) allowance and distortion allowance
during the casting's solidification; it must
possess sufficient draft to enable the pattern
to be withdrawn from the mold; it must allow
for machine finishing; and it must provide
machining lugs for machine setup in the machin-
ing process for the finished casting.

SHRINKAGE AND CONTRACTION. As the
metal "freezes" or changes from a liquid to a
solid state, shrinkage and contraction take place.
In common terminology, shrinkage and con-
traction describe the total volume change. Al-
though shrinkage and contraction are part of the
same process that accounts for the decrease in
the size and volume of metal while it is cooling,
many foundrymen (Patternmakers and Molders)
now think of these two actions as two distinct
?rocesses.

Shrinkage is believed to be the loss brought
about by the arrangement of the molecular
structure of the metal as it passes from a
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liquid to a solid state. The Molder compensates
for shrinkage through the provision of risers
or heads which supply extra metal where it is
needed to make up for the decrease in volume
resulting from cooling from the liquid to the
solid state.

Contraction is believed to occur immediately
after shrinkage, as the metal cools to room
temperature after solidification has taken place.
The Patternmaker provides for dimensional
contraction or the decrease in volume occurring
in the solid state, by making the pattern slightly
oversize with the appropriate shrinkage (con-
traction) rule for the particular metal to be
cast. Shrinkages of metals have been determined
by experimentation and converted into tables
that are intended merely as guides, because
each specific job may require minor deviations.
The average shrinkages of metals that are
common to Navy use are given in Table 10-1.

Table 10-1.-- Average Metal Shrinkages

Material Shrinkage
per foot

Aluminum 5/32

Bismuth 5/32

Brass 3/16

Bronze 3/16

Aluminum Bronze 7/32

Manganese
Bronze 7/32

Cast Iron 1/10 to 1/8
Cast Iron,

Wrought 1/8
Copper 3/16

Lead 5/16

Monel 1/4
Magnesium 1/8 to 5/32
Steel 1/4
Tin 1/4
Low Melting

Point Alloy NIL

Zinc 5/16

Plaster of
Paris 0 to 1/4

68.185

The amount of shrinkage varies with the cast-
ing design, type of metal, pouring temperature,
mold method, mold material, and resistance of
the mold to shrinkage. However, shrinkage does
not occur uniformly in all directions. Therefore,
the experience of the Patternmaker and Molder
provides the basis of using any modified shrin-
age tables.

DISTORTION. --Uniform shrinkage may or
ma: not follow a given shrink rule in all in-
stances. Certain conditions affecting shrinkage
must be considered when making the pattern,
to ensure a sound, usable casting. Among these
conditions is mold resistance which may be
caused by tight ramming, hard cores, ribs, gates,
risers, or other projections. Mold resistance
will cause uneven shrinkage resulting in
distortion of the casting. Therefore, distortion
allowances must be made on the pattern to
prevent twisting or warping of the casting due
to internal stresses set ap within the casting
during solidification.

In examining the casting's basic design for
areas where distortion may occur, the consider-
ations to remember are: (1) contraction follows
the liner of metal structure; (2) distortion results
when contraction is unequal; and (3) distortion
does not occur when the lines of contraction
meet at a junction of members because neither
member is affected by the other. Inasmuch as
there may be shrinkage without distortion but
not distortion without shrinkage; it can be said
that distortion comes from unequal shrinkage.

Since the shrinkage allowances used in con-
struction of the pattern are based on a vast
amount of experimentation and experiefice, they
should be used for the general run of jobs.
However, it should be remembered that the
shrinkage allowances assume normal unre-
stricted contractions. When the casting's design
is such that normal shrinkage does not occur,
or is partially restrained in a portion of the
casting, it may be necessary to use a modified
value (two or more shrinkage allowances based
on the existing conditions) or to construct a
modified pattern. The cause of abnormal con-
traction is usually mold resistance to the forces
of contraction. If the mold or core cannot be
changed or modified to permit normal contraction,
all allowances will have to be made on the
pattern.

Usually the dimensional accuracy of most
castings is satisfactory when the pattern is made
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with shrink rule measurements. Occasionally,
however, a pattern must be so constructed
that it will compensate for any distortion
resulting from uneven contraction which c;:nnot
be eliminated from the design. This technique
is known as FAKING THE PATTERN.

When a pattern is to be constructed to com-
pensate for distortion, it is necessary to break
the design down into its component parts and
analyse each basic design in terms of governing
its contraction in the mold.

DRAFT. The angle of slant (taper) tending
away from the parting given to those surfaces
of a pattern which would lie in the direction
in which the pattern or its component parts
are drawn from the sand is called DRAFT.
Unless draft is provided on the vertical surfaces
of the pattern, the pattern cannot be removed
from the mold without excessive rapping, or
damaging the mold wall.

In green sand molding, interior surfaces of
patterns require more draft than exterior
surfaces. So long as it does not distort the
functional lines of the pattern, it is advisable to
provide liberal draft. In any case, the draft on
surfaces at right angles to the pattern face
(parting line) should not be less than 1°. Usually,
this allowance is aided to the pattern. In those
.instances where a reduction in wall thickness
is not objectionable or where an increase in
dimensions at the face of the pattern is function-
ally objectionable, draft may be provided by
subtracting the taper from the castingdimensions
specified. Whether added or subtracted, the taper
always runs away from the pattern face. If no
surfaces are at right angles to the pattern face,
draft is not necessary.

The amount of draft required of any pattern
depends upon; (1) the length of the part that is
to be withdrawn from the mold, (2) the direction
of the grain in the wood, (3) the size and shape
of the pattern, and (4) the intricacy of the work.
Guidelines that have been proven by practical
experience and that are recommended for use
in the application of draft are:

1. Draft should be ample for a straight
draw without severe rapping of the pattern.

2. Surfaces requiring draft will be de-
termined by the molding position of the pattern.

3. The surface from which the draft starts
is called the FACE (cope face or parting) of
the pattern.

4. Draft enlarges the pattern towards the
parting line.

5. Excess draft is added to holes or deep
pockets to release the green sand with the least
distuebance.

6. More draft is required for hand molding
than for machine molding.

7. Draft on all interior surfaces should be
greater than on exterior surfaces.

8. If draft is not sufficient, the pattern has
to be severely rapped for withdrawal from the
meld; rapping ruins patterns and core boxes.

9. Draft adds metal to the casting; the amount
of draft should be made as small as possible
and still enable the pattern to be withdrawn
from the mold.

10. The average draft allowance is 1/8-inch
per foot.

11. The surface of a pattern that lies vertical
to the parting and parallel to the direction
of the draw, and is to be coped out, is given
excessive draft. Excessive draft is used to
facilitate the lifting out of the projecting body
of sand.

MACHINE FINISH AND TOOL CLEARANC E.
Two allowances In addition to those already
mentioned are frequently required: machine
finish and tool clearance allowance. The amount
of allowance for machine finish depends upon
the kind of finish specified for the casting as
well as the mold location of the finish area.
Whenever possible, surfaces to be machined are
located in the drag. When this is impossible, it
is necessary to provide an extra allowance to
take care of any slag or dirt that may come to
the surface of the casting in the cope. The
usual machine finish allowances for castings
of various sizes and of various metal com-
positions are indicated in table 10-2 and table
10-3.

Tool clearance is sometimes formed on a
pattern to provide an opening for the tool to
enter when finishing sections of the casting that
are partially or entirely closed. Careful con-
sideration should be given in providing tool
clearance, so as not to weaken the casting.

From the standpoint of the Machinery Repair-
man the provision of adequate tool clearance
is just as important as extra metal for machin-
ing. The Molder has little concern with this
feature of a pattern except as it may relate
to the location of gates and risers. At any rate,
there mast be sufficient space to start and
finish the cut. Since the allowances necessary
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Table 10-2. Machine Finish Allowance Guide

Casting alloys Pattern size Bore, inch Finish

Cast iron Up to 12 in 1/8 3/32
13 to 24 in 3/16 1/8
25 to 4:' '.n 1/4 3/16
43 to 6C, in 3/16 1/4

Cast steel Up to 12 in 3/16 1/8
13 to 24 in 1/4 3/16
25 to 42 in 5/16 5/16
43 to 60 in 3/8 3/8

Malleable iron Up to 6 in 1/16 1/16
6 to 9 in 3/32 1/16
9 to 12 in 3/32 3/32
12 to 24 in 5/32 1/8
24 to 35 in 3/16 3/16

Brass, bronze, and aluminum Up to 12 in 3/32 1/16
alloy castings. 13 to 24 in 3/16 1/8

25 to 36 in 3/16 5/32

18.107(6813)AX

Table 10-3. Machine Finish Allowance (Abwe The Average Shrinkage Allowance)

Drag
(Inches)

Cope
(Inches)

Tolerance expected,
"as cast" (Inches)

1/8 5/32 * 1/16

5/32 3/16 * 3/32

3/16 1/4 * 1/8

1/4 5/16 * 5/32

5/16 7/16 * 3/16

3/8 to 1/2 5/8 to 3/4 * 1/4

18.107(68B)BX
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here depend on the jcb at hand, they will have
to be worked out in the planning conference.

ADDITION OF MACIIINING LUGS. --When
planning a pattern, consideration should be given
to ways to facilitate the handing of castings
during the machining processes. Provisions
should be made to hold or to prevent distortion
of the castings. A little extra work on the
part of the Patternmaker (adding bosses, lugs,
feet for leveling, or a bridge) will often save
hours of machine shop time.

Generally, these provisions do not appear
on the blueprint, but they do appear as pro-
jections on the pattern and becom. part of the
casting. Their location, however, will depend
on the facilities and requirements of the machine
shop. As a PM3 or PNI2 you should have a
wurkIng knowledge of the various machine shop
tools and the methods of mounting work for
machining. In addition, you should consider not
only the construction of the pattern and its mold
but also the way the casting is to be machined.
Therefore, for the best results, consult the
Machinery Repairman when determining the size
and location of the required projections.

Consideration should be given to the follow-
ing provisions for holding or clamping a casting
during the machine processes:

1. Adding bosses for holding a casting on
a lathe when the casting cannot be conveniently
held on a faceplate.

2. Adding crossmembers or a bridge on
the ends of hollow cylinders to accommodate
the lathe centers.

3. Adding feet for leveling or clamping.
4. Adding feet or flats to the inside of hollow

castings if it is inconvenient to add them to the
outside of the casting.

5. Make the projection length of contact on
the main body of the casting as ample as
possible.

Remember, adding projections to the pattern
increases metal thickness (creating hot spots
which will cause open grain in the structure of
the metal) and results in a weak casting.

When adding machining lugs or other pro-
visions for machining purposes, treat them as a
part of the casting in addition to treating them
as a boss or pad. (See the basic design rules,
given in chapter 2 of this training manual.)

MAINTENANCE AND STORAGE OF
PATTERN EQUIPMENT

Pattern equipment is a valuable part of the
pattern shop and foundry and special provisions
should be made for proper storage and main-
tenance upon completion of the finished castings.
As a PM3 or PM2 you may be, assigned the
responsibility for the proper storage of pattern
equipment and the preparation of a pattern
record file. In addition, maintenance of patterns
held in the pattern storeroom (responsibility
of the pattern shop) is as important to the
Patternmaker as making new patterns. For
example, if a ship has a limited availability
period, valuable time will be saved if the pattern
is already constructed and held in storage or if
a pattern on hand can (with minor alterations)
be used to complete the job order.

The major problem in pattern storage is to
provide conditions which will keep distortion
of the pattern equipment to a minimum. The
temperature and humidity of the storage area
should be kept constant, preferably at normal
room temperature (70°F). The pattern store-
room or storage area is divided into sections
and each section is marked for a group (type,
size or classification) of patterns. (See fig.
10-15.) Large patterns and core boxes, for
convenience in handling, are placed as near to
the storeroom deck as possible and are arranged
in groups. Small patterns are stowed on shelves
or racks made with built-up edges to keep the
patterns from falling off. Matchboards and match
plates are hung on racks according to size and
shape. Special pattern equipment (matches,
sweeps, etc.) may be placed in a separate
section or may be placed with the pattern. Each
section of the storeroom should be provided
with ways of securing for sea to prevent damage
to the patterns and equipment.

Naturally, space limitations aboard ship
will govern the number of completed patterns
that may be stored. Experience and up-to-date
pattern record cards will aid you in deciding
which of the patterns are used constantly or
at frequent intervals.

Another advantage in maintaining pattern
storage, which is often overlooked, is that the
stored patterns are useful for training purposes.
For this reason it is also advisable to keep
certain temporary or infrequently used patterns
on hand as samples to show how the pattern
was made or how construction procedures may
be improved.
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Figure 10-15. Section of a typical pattern store-

room.

Because stored patterns have, in the past,
produced sound castings, it may be assumed
that the construction methods used were also
satisfactory. However, DO NOT assume that
the pattern is in as good condition as it was on
the day it was made. Even under the best
storage conditions wood patterns will become
warped, checked, or damaged. Periodically check
the stored patterns for general condition and
return them to the pattern shop, if necessary,
for minor repairs and refinishing.

Before placing a pattern in storage, prepare
a PATTERN RECORD CARD for the locator
file. One such form, which may be adapted,
is shown in figure 10-16. Clean, refinish, and

PATTERN =CND CARD

Nome of ShipliUsagilla4Date II/WO /9
Pattern Number C" 326 Drawing No 2504416 Rind of Nataliiirgiir

Luster gogogrog .frk. **/( !2' "We Peso

Men -downs Required 0Z 4g Pattern "oat

Mae and Description of Patters hiat1/445 QOM

Number of pieces
of Pattern

Changes or "ire ,9
Modifications

Storage Locationo

Section

No. of 0 No of --Q.-
Core Boxes Risers

Divans 4!!_.egf rate or Jhee6,/,
Number Drawing

Floor Space Ain. rock, or 3
Shelf Number

_writ /Of ilsretins

Chist Petterneaker

Remarks (Molding instructions):

23.3
Figure 10-16.A pattern record card.

make minor repairs to the pattern. Tie together
and tag all loose pieces, riser heads, and other
molding aids, to avoid losing or mismatching
the parts. GrtNiip the patterns according to type,
size, or classification.

When a pattern is taken out of storage for
reuse, inspect it thoroughly to make sure it
is serviceable. Check the pattern against the
blueprint if possible, to determine whether
any revisions or changes (type of metal or
additions) have been made since the pattern
was last used. Check all fillets, loose pieces,
riser heads, broken parts, and all other mold-
ing aids for proper alignment and condition.
Repair if necessary. Clean and refinish the
pattern. Finally, check with the supervisors
of the pattern shop and foundry for any last
minute changes or alterations prior to reissue.

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 11.

BALANCED CORE One with the seated portion
of the core so proportioned that it will over-
balance any tipping of that part of the core
extending into the mold cavity.
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BEDDING A CORE Resting an irregular shaped
core upon a bed of sand for drying.

BOOT JACK CORE A type of core used in
forming comparatively small openings occurring
above or beim the parting. The seat portion
is so shaped that the core is easily dropped into
place.

BREAKER CORE Cores designed for the
purpose of easy removal of risers from castings.
Breaker cores are set in position over the contact
area of the neck on an open riser, creating a
small necking effect.

CAP CORE A core superimposed upon a pattern
to complete a portion of the mold cavity not
given shape by the pattern.

COMBINATION CORE IY.DX A core box that
may be altered to form a core of another shape.

CORED CONSTRUCTIONRefers to a casting
whose interior is formed by a dry sand core
or cores.

CORE DRIER A metal shell that conforms to
the shape of the area of a core upon which the
core rests while drying.

CORE FRAME Frame of skeleton construction
used in forming intermediate size cores.

CORE LOCK - Matched surfaces so formed upon
contacting core bodies as to assure their correct
registering or seating together.

CORE-MADE MDLD A mold assembled from
dry sand core bodies.

CORE MARKER A core scat so shaped that
the core will register or seat correctly when
placed in the mold.

COVER CORE A core set in place during
the ramming of a mold to cover and complete
a mold cavity formed by the withdrawal of a
loose part of the pattern.

CRUSHING The pushing out of shape or dis-
tortion of a core or mold when parts of the
mold do not fit properly.

DROP OR TAIL CORE The same as a boot
jack core.

FALSE COPE Temporary cope used only in
the forming of the parting surface and therefore
not r. part of the finished mold.

FALSE SIDE An intermediate loose panel
supporting projections or depressions set against
the inside of a core box or frame.

FLANGE A stiffe-,-; member or the means
of attachment to another object.

GATE CORE Pre-formed cores made of a
refractory material such as tile, ceramics, of
dry sand that are placed in a mold to replace a
cut or formed gating system.

INTERCASTING The casting of interlinking
members, such as an anchor chain.

KISS CORE A core that contacts another core
or is set against the side of a pattern to supply
a portion of the mold cavity not furnished by
the pattern.

LOOSE FLANGE Flange member that may be
drawn independently of the body of the pattern
and is often used in combination with a cover
core or slab core.

MARKING A CORE --Shaping the core print
portion of a core and its seat so that the core
cannot be misplaced within the mold.

OVERHANG The extension at the parting line
of the cope half of a core print beyond that of
the drag in order to form clearance for the
closing of the mold over the seated core in the
drag. Also known as shingle.

RING CORE Cores designed as green sand or
dry sand cores used for shaping contours to the
outside diameter of a casting. When a ring
core is used, the mold usually requires a double
rollover.

SECTIONAL CORE A core made in two parts
and pasted or wired together.

SLAB CORE A plain flat core.

SPLASH CORE Inserted refractory material
placed in the pouring basin or at the bottom of
the sprue to eliminate erosion caused by the
sudden drop or rolling action of flowing metal.
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STOCK CORES Cores of standard diameters
usually made on a core machine and kept in
stock. They are cut to lengths as required.

STOPPING-OFF CORE A core used in stopping
off an unwanted part of a mold.

STOPPING-OFF PIECE Specially prepared
piece or section of a pant= used for stopping
off an unwanted part of a .sold or core box.

SUPERIMPOSED CORE Same as cap core.

SUSPENDED CORE A core having the core
seat so formed that it may be suspended above
the mold.
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TALLY MARKA symbol or combination of
symbols indicating the correct location of a
loose piece of a pattern or core box.



CHAPTER 11

CORES AND CORE BOXES

Many of the castings which are produced
aboard ship are not composed of solid metal or
alloy, but have voids or hollow areas, either
internal or external. To prevent the metal
poured for the casting from filling these void
areas, sand cores of appropriate sizes and
shapes are inserted at the necessary locations
in the mold cavity, before the mold is poured.

The process of making these cores differs
from the process of making a mold, in that the
core sand is not rammed around a pattern.
Instead, it is shaped to the casting requirements
in a hollow pattern, or core box.

Most of the patterns you will be called on
to build will not be as simple as the hinge job
described in chapter 9 of this training manual.
Some will be complicated by internal cavities
which will require cores and core boxes. Before
you continue with the procedure for constructing
one of these more complicated patterns, you
should be thoroughly familiar with the funda-
mentals of cores and core boxes.

This chapter is divided into two parts. The
first part deais with the classes of cores, core
characteristics, types of core prints, and types
of cores. The second part describes core boxes
and the various methods of construction.

CORES

What is a core? Cores may be defined as
masses of sand that are placed in the mold,
or left in the mold by the pattern, for the
purpose of forming openinga and various shaped
cavities and contours in the casting. Cores may
control the casting's interior and exterior
contours or the flow of metal into the mold
cavity. In addition, a core may make it possible
to draw a portion of the pattern from the sand,
which ordinarily would not be possible because
of the shape of the pattern; or a core may be
used to improve a particular surface due to
the core's special characteristics.
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CLASSES OF CORES

There are five classes of cores:

1. BAKF11 or DRY sand cores are made
from special core sand mixtures.

2. GREEN SAND cores are made from
regular molding sands and are formed in the
mold by the pattern itself.

3. GREEN-TOPPED cores are combinations
of green sand cores and baked cores; that is,
part of the core is baked while the remainder
is green sand. This type of core is especially
useful in casting valve bodies.

4. CO2 cores are made by mixing silica
sand wiih sodium silicate (water glass); then
hardening the mixture by gassing it with carom
dioxide (CO2) for a few seconds. This type of
core has many advantages. Among the most
important are the following: (1) pasting A
cores may be eliminated, making a one-piece
core possible, (2) there is no danger of drop-
outs, soft spots, or wet spots, (3) less draft is
required for any loose piece, (4) there is a
saving in baking or drying time, and (5) closer
.::.:tensional tolerances are possible.

5. SHELL cores are made from a resin-sand
mixture and are formed on the inside of a hot,
parted metal core box. Most shell cores are
hollow and serve as vents for the removal of
gasses; thereby making it possible to produce
castings with a minimum of locked-in stresses.
Using parted metal core boxes simplifies com-
plicated coring since intricate cores can be made
in one piece.

CHARACTERISTICS
OF CORES

A core must not only possess the required
shape, but it must also have the strength
necessary to maintain its shape and dimensional
accuracy after it is removed from the core box.
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It must have strength to withstand handling during
assembly, and enough refractoriness to with-
stand the heat of the molten metal. It must have
sufficient permeability to vent off gases during
the casting process. It must have collapsibility,
to ensure easy removal from the casting upon
cooling.

CATEGORIES
OF CORES

The five categories of cores are baked sand,
green sand, green-topped, CO2, and shell cores.
The type chiefly used aboard ship is the baked
sand type. The following characteristics of any
core are needed in all five types:

1. It should hold its shape before and during
the baking or drying period.

2. It must be baked or dried rapidly, but
thoroughly.

3. It should have hardness sufficient to
resist the eroding action of the flowing molten
metal.

4. It should produce as little gas as possible
when it contacts the molten metal.

5. It should have sufficient permeability to
permit easy escape of gases formed during
pouring.

6. Its surface must be such as to prevent
metal penetration.

7. It must have sufficient refractoriness to
resist the heat of the meta11 at pouring tem-
perature.

8. It must have sufficient hot strength to
withstand the weight of the molten metal at its
pouring temperature and during the beginning
stages of solidification.

9. It must have collapsibility, but not to the
degree as to cause cracks or hot tears in the
casting.

10. It must retain its strength properties
during storage and handling; and if the mold
in which it is to be positioned must stand for a
considerable time before the metal is poured,
the core must not absorb mor, than a minimum
of moisture.

TYPES OF CORES

Every patternmaking job presents specific
problems that will constantly challenge your
skill and ingenuity. Some of the most difficult
phases of patternmaking are visualizing the
interior shape of a casting, designing cores,
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and constructing the boxes needed to make the
cores. As an aid in these phases of pattern-
making, brief descriptions of the types of cores
and their uses are given in the following sections.
(To avoid confusion, the gating system pouring
basin, sprue, runner, in-gates and risers that
is necessary in producing a Casting will not be
shown.)

Stock or Standard Cores

Stock or standard cores are made in core
boxes--of standard lengths. These cores are kept
in stock in the foundry for immediate use.
Stock or standard cores are made in simple
shapes, such as round, square, rectangular,
and elliptical and may be used either horizontally
or vertically. (See parts B and C of fig. 11-1.)

Stock cores are helpful when billets of a
standard size are to be cast. Billet patterns are
constructed in a set, such as a 2-inch outside
diameter up to a 12-inch outside diameter with
standard lengths of 6, 9, 12, 15, and 18 inches.
The series (or set) of patterns are made in
1/2-inch diameter increments, while the core
boxes are made in 1/4-inch diameter increments.
Interchangeable cope and drag prints are used in
conjunction with the set of billet patterns, making
it possible to cast billets of the same outside
diameter but of different inside diameters.

Balanced Cores

Balanced core,: are cores with the core seat
go proportioned that it will overbalance that part
of the cores extending into the mold "cavity.
They are used on horizontal cores only. (See
part D of fig. 11-1.)

View X in part D of figure 11-1 shows a
cross section of a cylindrical casting containing
a cavity that extends only part of the way
into the body. If the cavity had extended clear
through the casting, there would be no prob'lm.
A core print could be built on each end of the
pattern to provide the seat for the core in the
mold. However, since the cavity penetrates only
part of the way into the body of the casting, there
is a need for a balanced core print to seat the
core properly. Notice that the core print is
longer than the cavity in the casting. This
balances the core in the mold and helps to resist
the tendency of the pressure of the molten
metal to float the core.
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68.108.1
Figure 11-1. Types of core prints and simple applications.

312



A

1

r

-

'4

e ' 'Z 1.

. P 'i
A

;A

,t _Jr

. ,

N 04\

\ - :1

. - .

V
4
ed

lb .

111 <..

I: A A " ' "

AMENIIIIII

0 lb

P:

a a -

" A '

1 'P/

P
,

k

;, ..ereff-Pzrze.-__Ar....95.60r .orfiffirez."-- .07

- 11 `

. ; o Z C Z - : t 1 : Z Z.

: 1:



PATTERNMAKER 3 & 2

View Y in part D of figure 11-1 illustrates
the procedure for using a balanced core print
of a flanged nature. The larger core print of
the flanged type eliminates the extra length
needed for balancing the extended portion of the
core in the mold cavity. In addition, the flanged
type balanced core print has a positive core
locating feature. This feature is called WIT-
NESSING or REGISTERING a core. The witness
mark eliminates the possibility of placing the
core in the mold in any other position than the
correct one.

Slab Cores

Slab cores are plain flat cores (stock cores)
used to cover an opening formed by the with-
drawal of a loose piece of the pattern during
the ramming-up process. They are made in
stock boxes and used as requested by the
Molder. Slab cores eliminate the use of an
additional section of a flask.

A method of producing a four-flanged pipe
connection using a slab core is illustrated in
figure 11-2. Part A of figure 11-2 is an ex-
ploded isometric view of the pattern and loose
flange: part B is an exploded orthographic side
view of the pattern, the loose flange, and the
slab core; parts C, D, and E illustrate steps
in the production of this four-flanged pipe con-
nection; and part F illustrates the finished
casting. (Remember, the gating system Is not
shown in fig. 11-2.)

Since the procedure for this job Ulfiers from
the usual methods of molding, a brief description
is given in the following paragraphs.

The procedure for a four-flanged pipe con-
nection has two important aspects: Ramming
up the slab core upon removal of the loose
flange, and the elimination of a cheek section
of the mold. To insert the slab core requires
a certain sequence of operations. The sequence
and techniques involved are as follows:

1. Place the drag flask, joint down, on a
molding board and position the drag half of
the parted pattern in the flask. Rain the drag
in the usual manner up to the top of the loose
flange. (See part C of fig. 11-2.) Withdraw the
loose flange from the partially completed drag
and place the slab core over the flange opening
core print. Rain up the remaining portion of
the drag, place a bottom board on top of the
drag, and roll the flask over.

2. Slick the parting surface of the dreg,
sprinkle parting sand (partine) over the parting
and place the cope of the pattern and flask in
position. Ram the cope in the usual manner.
(See part D of fig. 11-2.)

3. Remove the cope section of the mold
from the drag, and withdraw the cope pattern.
Withdraw the drag pattern from the drag section
.4 the mold, Check the mold interior carefully
and repair damage as required.

4. Set the interior core in the mold cavity
of the drag, taking extreme care in locating
the core print of the "T" section into the hole
in the slab core (see part E of fig. 11-2). Close
and clamp the mold for pouring. The completed
casting is illustrated in part F of figure 11-2.

Cover Cores

A cover core is a core set in place during
the ramming of a mold, to cover and complete
a mold cavity partly formed by the withdrawal
of a loose part of the pattern. A cover core
is used in the same manner as a slab core.

The term "cover core" as commonly used,
refers to a cope or drag section of the mold
which is made of oil-bonded sand in a core
box instead of the usual practice of forming
it in green sand in a flask. The underside of
the cover core can be flat or contoured, de-
pending on the conformation of the shape of the
loose portion of the pattern. The core box is
designed accordingly.

The cover core may be made in one or more
sections depending on the shape and area to be
covered. In certain types of large castings,
use of sectional cover cores eliminates the
use of large flasks and permits the cover cores
to be made at the same time as the main mold,
or prior to the preparation of the min mold.

A method of producing a four-flanged pipe
connection using a cover core is illustrated in
figure 11-3. Part A of this illustration is an
exploded isometric view of the pattern and the
loose core print for the cover core; part B is
an exploded orthographic side view of the pattern
and the loose core print for the cover core;
parts C, D, and E illustrate the steps in the
molding of a pattern with a cover core; and
part F illustrates the finished casting. (Re-
member, the gating system is not shown in
fig. 11-3.)
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Figure 11-2. Application of a slab core.
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Basically, the sequence of operations and
techniques for molding a pattern with a cover
core is the same as for a slab core. The main
difference is that the loose piece on the pattern
for the core print of the cover core takes not
only that portion that locates the core print
of the main body core, but also the full shape
and size of the flange.

Suspended Cores

A suspended core is a core having the core
seat so formed that it may be suspended above
the mold cavity. (Part E of fig. 11-1 illustrates
this principle of coring.)

The core print extends beyond the pattern
body and forms a seat, which automatically
locates, registers, and supports the suspended
core. The core print of the suspended core is
formed in the drag half of the mold at the
parting line; therefore, when the core is set,
it covers the entire mold cavity except for the
gating system. The contact area between the
parting surface of the cope and the top surface
of the set core prevents the suspended core
from floating during the pouring of the mold.

The bearing surface of the core print should
be adequate to seat and carry the full weight
of the core. Therefore, the thickness of the
core should be sufficient to allow reinforcing
rods to he inserted in the dry sand core. Five
to ten degrees of taper (draft) on the core print
are used for ease in core box construction and
molding. Using over a ten-degree draft on the
core print may cause a rocking motion of the
set core when it is placed in the mold, thus
giving the casting an uneven wall thickness.
Therefore, to ensure a positive mcfid lock and
an even wall thickness of the casting, it is
recommended that a ten-degree draft should
not be exceeded.

The molding position for a pattern using a
suspended core will force any impurities in
the molten metal to rise to the cope surface
of the casting where ample finish allowance
can be provided.

Superimposed or Cap Cores

A superimposed or cap core is a core or
set of cores superimposed upon a pattern to

complete a portion of the mold cavity not given
shape by the body of the pattern. A part of the
pattern 6 actually built in a core box, which
requires the making of an oil-bonded core
instead of the usual practice of forming the
core in green sand. The oil-bonded core is used
in the same manner as a slab core, cover core,
or a ram-up core. The superimposed or cap
core may be made in one or more sections
depending upon the detail, shape, and area to
be completed.

A method of producing a casting using a
superimposed or cap core is illustrated in fig-
ure 11-4. Part A of figure 11-4 is an isometric
view of the pattern; part B is an exploded
orthographic view of the pattern and super-
imposed core; parts C, 1), and E illustrate the
steps in the molding of a pattern with a super-
imposed core; and part F illustrates the finished
casting. (Remember, the gating system is not
shown in fig. 11-4.)

Basically, the sequence of operations and
techniques for molding a pattern with a super-
imposed core is the same as for one with a
slab core or cover core. The main difference
is that the shape of the cope side of the pattern
requires a false cope, a sand match, a follow
block, or a follow board to be constructed and
used for support of the pattern during the
ramming of the drag half of the mold. (See
part C of fig. 11-4.)

Kiss Core

The term "kiss core" as commonly used
means a core that contacts another core or is
set against the side of a pattern to simply a
portion of the mold cavity not furnished by the
pattern. It may have no core prints and may
depend on contact pressure to hold the core
in place. It may be partially anchored with
core prints and may depend on other parts of
the core to kiss the mold for further support.
It also may be anchored on one end with prints,
with the other end of the core touching the mold
or another core.

Some cores such as the kiss core shown in
figure 11-5 do not require a core print for
holding the core in position. They depend on
contact pressure of the green sand. Cores for
vertical holes are frequently held in position
in this manner and may be used in places where
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KISS CORE_ MOLD CAviTY

18.55(68)A
Figure 11-5. Kiss core applicationno core

prints .

dimensional accuracy is unimportant. The length
of the core is 1/64 inch longer; therefore, the
core projects slightly above the parting plane
and is held in place by the cbntaet pressure of
the cope.

Castings such as the piston for a weight-
loaded reducing valve shown in figure 11-6,
revire a different application of a kiss core.
In the construction of the pattern for this piston,
the inside diameter and the horizontal openings
(ports) require core prints for support of the
core. The vertical openings require a core that
only goes through the casting wall and touches
the green sand of the mold ("kissing thru").

A method of producing a piston for a weight-
loaded reducing valve using this application of
a kiss core is illustrated in figure 11-6. Part A
of this illustration is an isometric view of the
pattern and core; part B is an exploded ortho-
graphic side view of the pattern parts C, D,
E and illustrate the steps in the production of
this piston, and part F illustrates the finished
casting. (Remember, the gating system is not
shown in fig. 11-6.)

Another application of the kiss core is for
casting holes located at an angle to the with--
Orawal of the pattern from the mold.
case, all the holes are made using tlie plug ti,e
impression, since it is impractical to draw the
pattern from the sand with the core prints set
at an angle. Holes are drilled in the pattern
at the exact location and angle required. These
holes are drilled 1/32 inch larger in diameter
than shown on the blueprint. A plug is turned to
Vie exact diameter of the holes shown on the
blueprints, thus, creating a free-running fit
between the plug and the hole. The plug should
have a stop on one end and a taper on the other
end for the core print. The pattern is rammed
up in the usual manner. After the cope is lifted
off the drag, the plug is pushed through each
hole to the stop on the plug, causing each hole
in the green sand of the drag to be the same
depth. The pattern is withdrawn from the drag,
then small cores known as STUB CORES are
inserted in the angled holes formed by the core
print section of the plug. The core print on the
stub core matches the core print on the plug;
since the cores are all the same length, they
will be flush with the face of the mold. When the
cope is reset on the drag, the pressure from
the parting surface will hold the stub cores in
place.

The method of producing a bracket having
holes cast on an angle and for molding a pattern
using a kiss core that has only a single vertical
core print is illustrated in figure 11-7. Part A
of this illustration is an isometric view of the
pattern and turned plug; part B is an ortho-
graphic view of the pattern showing the bored
holes; parts C, D, E, F, and G illustrate the
steps in the production of this bracket; and part
H illustrates the finished casting. (The gating
system Is not shown in fig. 11-7.)

Ram-Up Cores

Ram-up cores are used to form portions of
a casting that are difficult to make in green
sand. They are incorporated in the mold during,
rather than after, the mold is rammed. The
ram-up core is positioned in the flask with the
pattern and then remains in the mold after the
pattern is withdrawn. The principle is illustrated
in figure 11-8. When ram-up cores are used, the
mold should be poured as soon after ramming
as possible, otherwise, the ram-up core will
absorb enough moisture to cause blows in the
finished casting,
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A bit. ?-off core is a core used in forming
comparatively small openings occurring above
or below the parting of the mold. The seat
portion is so shaped that the core is easily
dropped in place. In addition, holes o- top of
or behind bosses and pads may be formed with
stop-off cores.

Figure 11-9 illustrates how a core may
he used as a stop-off. In the problem illustrated,
the core also forms the slotted holes in the
vertical leg of the casting. Thus, in this case,
the core performs a dual purpose: that of a
core forming a portion of the casting, and that
of a stop-off to prevent metal from entering
that part of the mold cavity formed by the core
print. Other terms used for stop-off cores are:
drop-tail, tell-tale, heel, wing or boot-jack
cores.

Ring °ores

Often the type of pattern equipmf:at used,
and thus the molding procedure, depends upon
the number of castings to be produced. For
example, if a large number of castings like the

18.56(68)

pulley wheel shown in figure 11-10 is required,
it would be worthwhP.:.- to make a core box and
use a ring core to form the groove in the rim
of the casting. A ring core is a core designed
in green sand or dry sand and is used for shap-
ing contours to the outside diameter of circular
castings. It is often referred to as a mold when
a double-rollover is required. On the other
hand, if a limited number of these castings
is required, the use of less elaborate pattern
equipment may be in order.

A method for producing a grooved pulley
wheel (requiring a ring core) with relatively
simple pattern equipment is illustrated in fig-
ure 11-10. Parts A, B, C, D, E, F, and G
illustrate the steps in the production of this
wheel, and part H illustrates the finished cast-
ing. (Note that in fig. 11-10 the gating system
has been included because the sprue leads
directly to nub of the wheel.)
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Since the procedure differs considerably from
Vie usual method of molding we will consider
it in some detail. The pulley problem illustrated
has two important aspects: making the green
sand core and removing the pattern from the
mold. To make the green sand core it is
necessary to mold a false cheek; to remove
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Figure 11-9.Stop-off or tail-print core application.
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the pattern from the mold requireF a special
sequence of operations. The sequence and
techniques involved are as follows:

1. Place a cope flask, joint down, on a mold
board and position the cope half of the parted
pattern and a sprue pin in the flask. Ram the
cope in the usual manner as shown in part A
of figure 11-10. Place a bottom board on top
of the cope and roll the flask over.

2. Next, cut the sand at the flask joint down
about 30° to the tip of the groove all around the
circumference of the pattern (see part B, fig.
11-10). Since the cut-down surface area will
serve as a core print as well as a parting, its
length must be sufficient to support the core
after the pattern has been removed. Note that
two-thirds of the space between the intersection
of the ctt -down parting line and the flask joint
lines and the innermost point of the groove will
be a core print. Adequate core prints are always
important; in this problem they are crucial.

3. After cutting down the print-parting, slick
the surface area, sprinkle parting sand (partine)
over the parting and place the drag portion of
the pattern and flask in position.

4. The next step is to mold the green sand
core. Carefully tuck facing sand into the grooved
portion of the pattern. Ram the core tightly and
form a parting having the same angle on the drag
side of the core as that previously formed in
the cope (part D, fig. 11-10). Slick this surface
area and blow out any loose sand. Apply parting
sand to the entire mold joint area and ram
the drag.

5. Now lift off the drag (part E, fig. 11-10).
Note that the core remains in the cope. Next,
rap and remove the pattern from the drag.
Close the meld, place a bottom hoard on top
of the drag, and roll the entire flask over.

6. Lift off the cope (part F, fig. 11-10),
then rap and draw the cope half of the pattern.
Check the mold interior carefully and repair
damage if required. Set the vertical dry-sand
hub core and close the mold for pouring (part
G, fig. 11-10).

Setup Cores

A setup core is a simple core used to sup-
port a small core in the mold for extra bearing
surface, if the small core is likely to be mis-
aligned by sinking down in the mold. A setup

core may also be designed to form a boss on
the end of a casting or to form a seat for other
cores. It may be designed to be used as a ram-up
core.

The core print cavity is usually formed in
the mold by a core print on the pattern. How-
ever, if a small print on a heavy core provides
an inadequate support in the mold, it may be
necessary to provide additional support for the
small core. A brick may be rammed up in the
mold under the core print to provide this extra
support, or a special core may be designed to
form the seat for the small core. Such a core,
called a SETUP core, is placed under the small
core print and used as a ram-up core.

A tr.'ithod of producing a casting using this
technique is illustrated in figure 11-11. Part A
of this illustration is an isometric view of the
pattern, the main body core, and the setup core;
parts B, C, and D illustrate steps in the produc-
tion of this casting; and part E illustrates the
finished casting. (The gating system is not
shown in fig. 11-11.)

If a number of small core prints project
from the end of a pattern or core assembly,
a setup core may be designed to incorporate
all of the core prints into one core. This setup
core may be pasted to the main body core or
core assembly and the complete core set into
the mold as a complete unit.

If a small core print is used for a hole in a
boss on the end of a casting, a setup core may
be designed to combine the core print and the
boss into one core.

The method of producing a casting requiring
a setup core to include a boss on the end of a
casting is illustrated in figure 11-12. Part A
of this illustration is an isometric view of the
pattern, the main body core, and the setup
core; parts B, C, and D illustrate the steps in
the production of this casting; and part E illus-
trates the finished casting. (The gating system
is not shown in figure 11-12.)

Special Gating System Cores

The means whereby the molten metal is
introduced into the mold, and a knowledge of
what will happen when the molten metal follows
a prescribed path as it enters the mold are
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factors or primary importance in the production
of a casting. A gating system plays an important
part in dimensional casting control and must
be designed to do the following:

1. Permit the complete filling of the mold
cavity.

2. Introduce the molten metal into the mold
with as little turbulence as possible to eliminate
any gas pickup and to prevent mold erosion.

3. Regulate the rate of flow of metal into
the mold cavity.

Special gating cores such as pouring basin
cores, strainer cores, tile or gate cores, splash
cores, and breaker cores may be used in con-
junction with the general gating system in con-
trolling the molten metal while it is being poured
into the mold cavity. Applications of special
gating cores are illustrated in figure 11-13 and
are self-explanatory. Definitions of special
gating system eores are:

1. POURING BASIN CORE A core used for
a cavity on the top of the cope into which metal
is poured before it enters the sprue. (See part
A of fig. 11-13.)

2. STRAINER CORE A small perforated
core in the sprue, runner, or gate to prevent
entrance of slag and other extraneous material
into the mold cavity. (See parts B and C of fig.
11-13.)

3. TILE OR GATE CORE Preformed cores
made of a refractory material such as tile,
ceramic, or dry sand that are placed in a mold
to replace a cut or formed (pattern) gating
system. (See part D of fig. 11-13.)

4. SPLASH CORES Inserted refractory
material placed in the pouring basin or at the
bottom of the sprue to eliminate erosion caused
by the sudden drop or rolling action of flowing
metal. (See part E of fig. 11-13.)

5. BREAKER CORE Cores designed for
the purpose of easy removal of risers from
castings. Breaker cores are set in position
over the contact area of the neck under an
open riser, creating a necking effect. (See part
F of fig. 11-13.) Other terms used for breaker
cores are wafer cores and Washburn cores.

CORE PRINTS

When a core is placed in a mold, there must
be some means provided to locate, hold, and
anchor it in position. In order to do this, a

projection is designed and added to the pattern.
The projecting pieces, called CORE PRINTS,
are attached to and become a permanent member
of the pattern. The core prints make an impres-
sion in the sand, thus forming a seat into which
the core is set and retained in its proper
position. If it is possible for a core to be set
in the mold UPSIDE-DOWN or WRONG-END-TO,
locating marks called WITNESS MARKS (core
markers or tell-tales) should be provided to
prevent any possibility of wrongly placing the
core within the mold.

Although there are no fixed rules as to the
length of core prints or how much taper (draft)
they should have, good pattern practice requires
that there should be sufficient bearing surface
to support the weight of the core (depending on
the type of mold in which the core is supported)
and the pressure of the molten metal when being
poured. Core print dimensions which have been
successful in practical application are listed
in the following chart and are intended ONLY
as a guide.

CORE PRINT DIMENSIONS

Size of Core

Up to 1 1/2 inches
in diameter

From 2 to 5 inches

Above 5 inches in
diameter

...ength of Core Print

2-inch core print

At least equal to the
diameter of the core.

6 inch core print
(minimum)

A few of the proven rules that may be applied
to the various types of cores and core prints are:

1. Cores which have a diameter or width
greater than their length may be molded in
green sand.

2. When green sand cores prove imprac-
ticable, use dry sand cores.

3. Eliminate small cored holes because they
can be costly.

4. All cope core prints should have a 5° to
10° taper (draft).

5. All drag core prints should have a 1°
taper (draft).

6. All loose, round core prints should be
doweled in the center only.
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7. All loose, rectangular core prints should
be doweled with two dowels of different diameters
to prevent misalignment and improper attach-
ment.

8. The larger the core print, the better the
accuracy in location and support in the mold.

9. When the length of a core is more than
twice its diameter, the core should be supported
at both ends.

10. Cores should not have diameters that are
less than one-half the thickness of the wall
they pierce.

XL If the core is round, the diameter should
equal or exceed the metal thickness through
which the core passes.

12. If the core is rectangular, the shortest
distance across the flats should equal or exceed
the metal thickness.

13. Secure the core at both ends if the metal
thickness through which a vertical core is to
pass equals two ar more times the shortest
distance across the flats.

14. Core prints should be of a sufficient size
to permit easy escape of core gases.

15. The core print portion of a pattern,
when practicable, should be so shaped or
arranged as to simplify the making of the core
box.

Although there are numerous types of cores
and variations of them, core prints may be
classified into five general types: (1) cope and
drag prints, (2) horizontal or parting line prints,
(3) balanced prints, (4) suspended or hanging
prints, and (5) tail or drop prints (fig. 11-1).

COPE AND DRAG
CORE PRINTS

When a core is set vertically in a mold,
core prints are placed on the cope and drag of
the pattern, thus giving the name COPE and
DRAG prints (part B of fig. 11-1). The cope
print is made with considerable taper (draft)
as an aid in centering the core and to facilitate
the closing of the mold, while the drag print
has only a slight taper for ease in hand setting
the core.

The length or height of cope and drag prints
are in direct proportion to the diameter of the
core. As the diameter of &vertical core increases,
the length of the core print may be decreased
due to the gained surface area of the core
seat. Therefore, the larger the diameter of the
core, the thinner or shorter the core print
required for support of the core. Various ways

4111IIMPRIMMEIN~081=1111MID

of determining the dimensions of cope and drag
prints may be used; one of the simplest is
illustrated in figure 11-14. The length or height
(C) of core prints up to 1 1/2 inches in diameter
may be made equal to the diameter of the core
(A). Cores above 1 1/2 inches in diameter need
not be any longer than 1 1/2 inches.

HORIZONTAL OR PARTING
LINE CORE PRINTS

Horizontal or parting line prints are used
to form the core seats when the core is placed
in a horizontal position. (See part C of fig. 11-1.)
The core prints are usually the same in diameter
as those of their respective cores. In addition,
they should be long enough to give a solid
bearing surface for the weight of the core plus
the stress caused by the molten metal as it fills
the mold; otherwise the molten metal will raise
or displace the core, making the casting thinner
un one side.

The following general rules for determining
the length of horizontal core prints has proved
satisfactory in practice: "For horizontal cores,
the length of the c e prints should equal one-
half the diameter of the core plus 1 inch."
Remember that this is ONLY a general rule
and any deviation must be considered in relation
to the job requirements.

Referring to the preceding chart on Core
Print Dimensions, note the core print lengths
recommended for the various diameter cores.
However, the length of small core prints having
a diameter less than one inch may be consid-
erably shorter than is listed; the core length
may be from 3/4 to 1 inch in length, depending
upon the weight of the core. Horizontal core
prints should be longer than they would be
normally, when the center section of the core is
heavy and requires more support.

BALANCED CORE PRINTS

When a core is placed horizontally within
a mold and receives its entire support from one
end, the core print is so proportioned that it
will outweigh or overbalance that 'portion of the
core extending into the mold cavity. (See part D
of fig. 11-1.)

Two methods may be employed to achieve
this balance. The first method is to make the
core print long enough to balance the weight a
the unsupported end. The second method (recom-
mended when an extra long core print is not
practical) is to enlarge the core print by adding
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SS

1

.1011 =Mb

DRAG PRINT

Drag Print
A = Diameter of core
D = Diameter at base of print

= A + 1 32 + 1/32
C = Height of print
E = Diameter of dowel

I"
32

The dowel diameter may be determined as follows:
Diameter of Print "A"
Up to 7/16" diameter
7/16" to 5/8" diameter
5/8" to 1"
1" to 2"
2" to 3"
3" and above

Example of determining the core print dimension using a 1" diameter vertical core.

Drag Print Cope Print

COPE PRINT

Cope Print

A = Diameter of core
B = Diameter at top of print

= 2, 3 of A
C = Height of print
E = Diameter of dowel
X = 1/8" (constant)

Diameter of Dowel "E"

3/16"
1/4"
3/8"
1/2"
3/4"
1"

A = 1" diameter A = 1" diameter
D = A + 1, 16" = 1 1/16" B = 2/3 of A = 5/8" diameter
C = 1" C = 1"
E = 3, 8" diameter E = 3/8" diameter

X = 1/8"

Example of determining the core print dimension using a 3" diameter vertical core.

Drag Print Cope Print

A = 3" diameter
D= A+ 1, 16" = 3 1/16"
C= 1 1. 2"
E = 3/4" diameter

A = 3" diameter
B = 2, 3 of A = 2" diameter
C = 1 1 2'
E = 3/ 4" diameter
X= 1/8"

Figure 11-14. Cope and drag print dimensions.
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a flange or an offset section to give added weight
to the supported end of the core. In addition,
the flanged or offset section may be used as a
witness mark to establish the exact depth of the
core in the casting. When using balanced prints,
consideration must be given to the length of the
print. It would be impracticable to balance a
core with a print several feet in length; instead
chaplets (metal core supports) should be used to
support the end of the core within the mold
cavity.

SUSPENDED OR HANGING
CORE PRINTS

A type of print called a SUSPENDED or
HANGING core print derives its name from the
fact that the core serves two purposes: (1) as
a support for the hanging part of the main body
of the core, and (2) as a complete cover for the
mold. (See part E of fig. 11-1.) Therefore,
suspended or hanging core prints are used when
a cored casting is to be molded entirely in the
drag. In addition, variations of this core print
will eliminate the need for a three-part flask.

TAIL OR DROP
CORE PRINTS

On special jobs where cored holes are
.required above or below the parting line, a
TAIL or DROP print is used. (See part F of
fig. 11-1.) The print is so shaped that the seat
portion allows the core to be easily dropped in
place. In addition, holes on top or behind bosses
may be cored in this manner. The print portion
of the core serves as a means of STOPPING-
OFF the core seat and of locating the projecting
core that forms the opening. Stopping-off or
blocking-off the core seat may be done by
filling in with a stock core after the projecting
core has been set; or, after the projecting core
has been set, by tamping molding sand into
the core seat impression. In many cases, a
single core print is sufficient when the projecting
part is not too long; however, if the projecting
part is long, the core should be supported at
both ends,

CORE BOXES

The most common method of forming cores
is to use a core box which is constructed of
a suitable material, containing a cavity the
shape of the desired core. This core box is
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rammed full of sand to form the core. After
ramming, the core box is removed from the
core, leaving the core on a core plate for
support while the core is being baked.

The saran; allowances that are made on a
pattern for draft, shrinkage, and finish are
given to the core box. However, in many cases
the core box is more complicated to construct
than the pattern. The required number of core
boxes is always furnished with the pattern and
therefore becomes part of the pattern equip-
ment for a particular job. AU patterns and
corresponding core boxes should be marked
and/or numbered to prevent their loss while
in use and during storage.

When the method of supporting and locating
the core is determined, the next step is to
determine the most practical method of forming
the core. Core boxes must be constructed not
only with regard to the size and shape of the
core, but also with regard to the way in which
the core can best be supported while drying.
The shape or form of some cores is such that
the core box may be made so that a whole core
is formed; with other shapes it may be neces-
sary to make a half core at a time. Many cores,
depending on their shape, must be supported
on green sand while drying. Intricate core work
is sometimes supported upon special metal core
driers.

TYPES OF CORE BOXES

A few of the more common types of core
boxes are described. Do not assume that these
are the only types of core boxes.

1. The DUMP BOX is one which has four
sides and a bottom and is open only on the face.
It is made with butt or dado joints. Sand is
rammed into the open face and the box is turned
over onto a core plate. The core box is lifted
off, leaving the core on the plate. If any loose
pieces are used they will dump out with the
core. Figure 11-15 shows one method of con-
structing a dump box.

2. A COLLAPSIBLE CORE BOX is similar
to a dump box except that the four sides and
bottom may be disassembled. After sand is
rammed into the open face, the box is turned
over onto the core plate. The collapsible box
is used when back draft prevents the dumping
of the core out of the bor. Instead, the sides
and bottom rc the box are disassembled and
pulled away from the core. (See fig. 11-16.)
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68.116
Figure 11-15.A dump box.

68.117
Figure 11-16. Collapsible core box.

3. An OPEN END BOX is, as the name
implies, open on the ends. The box is set up
vertically so that one end is in contact with the
core plate. Sand is rammed into the other open
end at the top. The box is pulled away leaving
the solid core standing on end. The open end
box is usually made in parted halves as shown
in figure 11-17.

4. A GANG BOX is usually an open end box
used for making several cores at one time for
mass production work. See figure 11-18.
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Figure 11- 17. An open end box.

Figure 11-18.A gang box.
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METHODS OF CONSTRUCTING
CORE BOXES

Core boxes, like patterns, may be con-
structed in many different ways, depending upon
the specific job requirements. Patternmakers
and Molders in each shop will usually use dif-
ferent nomenclature for the various types of
core boxes. However, all core boxes should
be made strong enough to withstand the rough
usage they will get in the foundry. The methods
of construction which the Patternmaker will
commonly use are described in the following
sections.

Solid Construction

Solid construction as the name implies is a
core box that is worked out of solid material.
(See fig. 11-19.) Sem !circular core boxes of
3 1/2 inches or less in diameter are usually
made of solid construction. The greater portion
of the waste is removed from the core cavity
by a series of saw cuts (kerfs), and then finished
by gouges or a core box plane.

Stepped-Up Construction

Stepped-up construction is so named because
the stock, when fastened together, resembles
steps. To save material, core boxes between
3 1/2 and 6 inches in /iameter are stepped up
as shown in part A of figure 11-20. For economy
in jobs requiring only one casting, the core box
may be stepped up as shown in part B of figure
11-20. Stepped-up construction is used also in
the building of pipe and elbow patterns.

68.120
Figure 11-19. Solid construction.
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68.121
Figure 11-20. Two versions of stepped-up con-

struction.

Staved or Lagged-Up
Construction

This method of construction is used for
making cylindrical or conical-shaped cores
exceeding 8 or 10 inches in diameter. Staved
construction saves material, makes the core
box stronger and lighter to handle, and is more
likely to retain its dimensional form. Refer to
figure 11-21.

Skeleton Construction

This method of construction is used for
making extremely large cores for iron or steel
castings where close precision is not essential.
The core is shaped by the use of a sweep
(strickle) as shown in figure 11-22.
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Ralf-Box Construction

401M111

This method is used to make a core which
is symmetrical about the longitudinal center-
line. One half-box is constructed; each half
core is mode separately and the two halves are
pasted together to form the completed cor:,.
Figure 11-23 illustrates a half-box and the
half core.

Parted Construction

Parted (split) construction is used to sim-
plify the making of a solid core in one operation.
Figure 11-17 shows . parted type core box
open at both ends. Figure 11-24 shows a three-
piece parted type core box in which the bottom
and partea halves may be pulled away from
the core.

Framed Box Construction

68.122 This is one of the most common methods of
Figure 11- 21. Staved construction, core box construction. When quality wok is

required and when time permits, the framed
box will be made with dado joints. In a job shop
where speed is essential, butt joints will usually
be used.

DIAMETER
OF CORE

68.123
Figure 11-22. Skeleton construction.

Combination Box
Construction

This method enables you to make several
different cores by %.1e use of different change
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Figure 11-23.--A half box.
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68.125 68.126
Figure 11-24. Parted (split) construction. Figure 11 -25. A con bination core box.

pieces within the core box. These change pieces
are sometimes referred to as loose pieces.
Figure 11-25 shows a typical combination core
box with change pieces C and D. Note that the
same half -box may be used to make a right
and left core merely by alternating the change
pieces.

Chambered Box
Construction

When a core box is built up in sections with
the grain running lengthwise, the box is called
c ham be red construction. The sections with
crocc- grain on the ends are glued and nailed
to send stock (tie-piece) which runs the full
length of the box to tie all the sections together.
(See fig. 11-26.) To give additional strength
to the box, sides are added as tie-pieces. (One
side piece and one end piece are not shown in
fig. 11-26 as an aid in illustrating the construc-
tion features.)

^cr,c Box Construction

When a core box is constricted with cone
shapes on the ends for core prints (as shown
in rig. 11-27), the box is of cone consti uction.
This type box is constructed much in the same
manner as a box of chambered construction.
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68.127
Figure 11-26. Chambered construction.

Figure 11-27. Cone construction.
68.128
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Pin less Box
Construction

11111=

When only a few cores of a simple shape
are required, a box of pinless construction is
suitable. (See fig. 11-28.) Band saw an irregular
line through the box. Put the box back together
and the irregular cut line will become the cen-
terline of the box. Lay out the core shape on
the surface of the box and cut out the required
shape.

Wing Box Construction

Wing construction core boxes are usually
made up of two or more pieces of stock and may
be parted along the center as shown in figure
11-29. Boxes of this type should have dowel
pins for alignment. When being used, the box
is filled at the top, then timed over; the box
is pulled apart, leaving the core on the core
plate.

Metal Faced Core Boxes

When a large number of cores are to be
made from a permanent wooden core box, metal
stripping or facing material is secured to the

68.129
Figure 11-28. Pin less construction.

Figure 11-29. Wing construction.

surface of the core box. The metal facing on
the core box is to cover and protect the wood
surface from the abrasive action of the core
sand during the ramming of the core. This pre-
vents excessive wear and prevents the core
box from becoming worn and too shallow.

INTERCASTING OF
LINKED MEMBERS

Intercasting of linked members is the
process whereby two or more castings, such as
links of a chain, or parts of a swivel or pelican
hooks, are cast interlocked. Designing cast
units having intercast members is challenging
to the Patternmaker; and the principles used
may be applied to other patternmaking problems.

CHAIN LINKS

A cast unit, like a series of chain links in
which considerable clearance exists between the
intercast parts, is more a problem of designing
a gating system than a problem in preventing
fusion of the intercast parts. To accomplish
this with great ease, the intercast links are
made in a core made mold. The molding posi-
tions of the links are alternately flat and up-

, right. The cope and the drag of the mold is
parted horizontally and vertically along the
centerlines of the link. By .pasting the cores
together with half of each link in the drag, the
other half in the cope, each link will be com-
pletely surrounded by sand. The parting plane
of the mold requires two different link pattern
designs: one parting the link into four parts
lengthwise along the centerlines, and the other
parting the link into eight parts lengthwise,
along the centerlines aild tnrough the centerline
of the stud. (See fig. 11-30.) The core box is
made with one-fourth of the link fastened to the
bottom of the box and one-eighth of the link
fastened on each end and mounted vertical to
the baseline, with the half round section centered
in the quarter link.

In this core box design, only one box is
necessary to make any number of interoast
links. Four cores, when pasted together, will
make one complete link (fig. 11-31). Every four
cores that are added will add two more links
which are intercast together.

The design of the core box may be one in
68.130 which the series of links have a common gating

system, or each link may be provided with
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23.196
Figure 11-30. Core box setup for a chain.

23.197
Figure 11 -31. --Core arrangement for a chain.

individual sprues, gates, and risers and poured
separately even though several links are in the
same mold. Note in figure 11-30 that the gating
system has been omitted.

After the cores are pasted together it is
recommended that they be backed up with green
sand which serves as an added precaution
against possible metal run-out.

SWIVEL HOOK

Interoast memoers such as the swivel hook
illustrated in figure 11-32 involve two molding
operations: casting the hook is the first molding

338

operation; casting the swivel about the shank
of the hook is the second. The shank and head
of the precast hook must be insulated against
direct contact with the molten metal used to
cast the swivel during the second molding and
pouring operation. Adequate clearance *nue also
be provided to permit a freedom of n. tion
between the swivel and the hookein the finished
casting. This is accomplished by applying core
oil to the shank of the hook and sprinkling a fine
grade of silica sand over the area. Then place
the hook in an oven for drying. This procedure
is repeated until a coating of sufficient thickness
is built up. Pouring the swivel casting completes
the Job.

The step by step procedure is as follows:

1. As in all pattern work, draw the layout
and plan the construction _procedures. Two
separate patterns are required for the swivel
hook drawn in figure 11-32; a parted pattern
for the hook, and a parted pattern for the swivel.
Since the swivel hook" shown is rather small, it
will probably be carved out of a solid piece of
hardwood stock. (Large swivel hooks can be
constructed in a single course or a multiple
course of segments depending upon the size
and splined together for additional strength.
The head and shank of large hook patterns are
partially turned on the lathe and completed by
hand-carving.)

2. Ram the mold for the hook in the
conventional manner and pour the casting.

23.198X
Figure 11-32.Drawing of a cast-steel swivel

hook.
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3. In addition to the patterns, you will need
to make a core box to facilitate the second
molding and pouring operation. The core box
may be made in two halves with built-in core
locks in order to make sure that the drag core
lines up or registers perfectly with the cope
core. Figure 11-33 shows the core box setup
for the swivel hook. The front and side boards
have been removed to enable you to see aU the
details.

An alternate method is to make a single
half-box and to use the two halves of the hook
pattern as interchangeable pieces in order to
make a right and a left half of the core. If this
latter method is used, do not forget to reverse
the location of the riser, gates, runners, and
core locks when making the second half of the
core.

4. Construct a rectangular pattern with the
same dimensions as those of the completed core
to serve as a core print. This will provide the
cavity into which the core may be firmly seated.

5. Make the cope and drag cores. Place the
precast hook into the drag core as shown in
figure 11-34. (The risers, runners, and gates
are not shown.) Build up the protective sand
layer to the required thickness around the shank
of the hook.

6. Paste the cope core on top of the drag
core, making sure that the core locks match
perfectly.

23.199X
Figure 11-33.The core box setup for the swivel

hook.

Core
in Gate lock

Sand coated
surface

23.200X
Figure 11 -34. Drag core with the precast hook

in place.

7. Ram up the rectangular pattern in green
sand, draw the pattern, and insert the entire
core into the mold. Close the mold and set the
pouring cup; now the mold is ready for pouring.

0

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 12.

BOSS A projection, on a casting, of circular
cross Rfaction.

COHESIVE The ability of foundry sand to stick
together and hold shape.

PAR TINE (PARTING COMPOUND) Fine bond-
less commercial preparation dusted over the
joint of a mold to prevent the contacting surfaces
from adhering to each other.

PLASTIC The ability of foundry sand to be
shaped.

POROUSPossessing or being full of holes.

REFRACTORYMaterial having heat-resisting
qualities.

SLICKOne of a number of tools used for
mending and smoothing the surface of a mold.
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STRIKE (STRICKLE) Piece of material having
a straight or curved edge used for removing
excess sand from a flask or pattern.
STRIKING OFF The act. of removing excess
sand from a flask or pattern with a strike.
TEMPERINGDampening and mixing sand to
produce a uniform distribution of moisture.

TROWEL Tool used in slicking, patching, and
finishing a mold.

TUCKING Packing sand with the fingers around
flask bars, Baggers, patterns, and other places
where the rammer does not give the desired
density.
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CHAPTER 12

MAKING AND MOLDING
A SIMPLE PARTED PATTERN

In chapter 9, you were given the procedure
for making the layout for a hinge of a range-
finder port cover. In this chapter you will
be given the procedure for constructing the
pattern from the layout. If you have studied the
blueprint carefully while you were scribing the
layout, you should have a reasonably good idea
of how to start the actual construction. You
will find that most patterns can be node in many
different ways, each of which may be equally
suitable for the specific job.

In patternmaldng, a quick job for the Pattern-
maker often results in mc.re work for the Molder.
One of the first considerations upon receipt of a
job order is how many castings are required
from the pattern. If only one or two castings are
required, the pattern is usually made as simply
and quickly as possible. Certain aspects of the
work may be left for the Molder to do, such as
forming a parting, or cutting a fillet in the
sand. If a number of castings are required, the
Patternmaker does everything possible to reduce
the amount of work involved in making the molds.
The Patternmaker makes the parting, attaches
the fillets to the pattern, mounts the patterns on a
match plate or follow board, and includes the
gates and risers as integral parts of the pattern,
if necessary. The choice of the particular type
of pattern equipment and the detailed method of
pattern construction should be determined through
consultation (blueprint conference) between the
Molder and the Patternmaker. They must select
the type of pattern equipment that will enable
the Molder to pa cAluve a sound usable casting
quickly and cheaply. gcavever, this procedure
is not necessary for every pattern that is to
be built.

CONSTRUCTING THE PATTERN

The type of pattern equipment selected for the
hinge pattern under discussion is the single

loose pattern. Tne method of construction se-
lected is the split-half or parted pattern method.
After you have completed and checked the pattern
layout as described in chapter 9 and have decided
upon the method of construction, you are ready
to select the stock required for the job. Obtain
the measurements from the layout and select
two pieces of white pine of appropriate size,
making allowance for waste. For this particular
job it is not necessary to glue up pieces of
stock to form the required shape of the pattern.
As in preparing the layout board when making
the pattern layout, you must also prepare the
parting surface of the stock by jointing, planing,
and sanding. -

METHODS OF INSERTING
AND ALIGNING DOWELS

Figure 12-1 illustrates the next step, boring
holes for dowel pins. A metal dowel pin is
usually employed to hold the pattern parts in
alignment during the ramming-up process. The
pins are placed on the underside of the stock
as far apart as possible, in order to keep the
halves in alignment. Either a drill press, hand
drill, or a brace and bit may be used to bore the
holes for the dowels. A special T-wrench is used
for inserting the metal dowel pins.

Be sure to place the dowels into that part
of the stock which will form the pattern. If you
fail to do this, you might find that the dowels
are cut away with the waste stock when the pattern
is trimmed to size. Be sure, also, to locate the
dowels so that the two halves of the pattern
will only fit in one waythe correct way. This
prevents the Molder from mismatching the parts
in ramming up top (cope) and bottom (drag)
halves of the pattern. If only two dowels are
used, the best way to guard against mismatching
is to use dowels of different diameters.

The male (pin) end of the dowel is always
placed in the cope half of the pattern, and the
female receptacle is always placed in the drag
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44.20(68)
Figure 12-1. Boring holes for dowel pins.

half of the pattern. This permits the Molder to
place the drag half of the pattern face down and
flush against the bottom molding board during
ramming, as well as making it easier to strike
off the face of the =Ai after it has been rammed
and rolled over. Figure 12-2 shows the insertion
of the male dowel pins. Holes are drilled; and
dowel pins are inserted by using a special
wrench. It is most important that the dowels
be lined up perfectly so that they will prevent
movement but permit easy separation of the parts.

Drilling Method

The simplest method of drilling the dowel
holes is the through drilling method. This method
consists of placing the two halves of pattern
stock face-to-face and toe-nallias them together.
Mark the position of the dowel holes on one of
the outside surfaces of the stock. Using the
proper size drill for the metal dowel to be

./.dia

68.88
Figure 12-2. Inserting dowel pins.

inserted, drill through the cope half of the pat ,rn
stock and into the drag half of the stock. The
depth of the hole in the bottom half should be
slightly greater than the length of the inserted
portion of the dowel to keep the dowel from
bottoming. (Bottoming is a trade term used to
indicate that an object will not go into a hole
to the desired depth because of a too shallow
dimension.) Remove the toe-nails from the stock
and insert the dowels. The holes left on the top
side of the cope half of the pattern stock may be
plugged with a wooden dowel.
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Sandwich Method

A simple way of lining up dowel holes in cope
and drag halves is as follows: Drive two brads
(one for each dowel) into one half of the stock.
Cut off the heads of the brads leaving a small
portion of the brad protruding beyond the surface
of the stock. Place the two halves of the stock
face-to-face and press them together firmly.
The projecting brads will mark the centers for
the dowels. This is a quick method that is suitable
for most work of ordinary accuracy. Where close
precision work is required, you should use a
dowel template as shown in figure 12-3. The
steps in the procedure are as follows:

1. Get out the stock for the pattern and square
two edges with the parting surface.
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68.89
Figure 12-3. Using a dowel template.

2. Get out a thin piece of stock about 1/8 to
3/16 inch in thickness and square one edge for
use as a template.

3. Sandwich the thin template between the two
halves of the pattern stock and scribe a witness
line as shown in figure 12-3.

4. Remove the top half of the stock and brad
the thin template to the bottom half of the pattern
stock, making sure that the witness lines are
lined up and that the edges are square.

5. Determine the location of the dowel holes
and drill through the thin template into the stock
to the correct depth for the dowel.

6. Repeat this procedure to drill the holes
into the other half of the pattern stock. Line up
the witness lines and drill through the holes in
the template stock to the required depth.

You frequently will find that the two pieces
of stock will have shifted slightly after insertion
of the dowel pins. True up the working edge of
both pieces of stock on the jointer once again, as
shown in figure 12-4. This gives you a square edge
from which to make accurate measurements in
laying out the working drawing on the pattern
stock.

Transfer Point Method

When it becomes impracticable to bore holes
for the dowels through the pattern or when it is
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68.90
Figure 12-4. Truing up the working edge.

inconvenient to use the sandwich method, it
becomes necessary to use an entirely different
method. Steel dowel centers known us transfer
points (see fig. 12-5) are used to locate the
center of the dowel hole on the opposite half of
the pattern. The drag holes are bored and the
female (socket) dowels are inserted. The trans-
fer points are pushed into the sockets of the
female dowel and by placing the cope half of the
pattern or core box over the drag half, the exact
center for the male dowels is accurately located.
Notice in figure 12-5 that the transfer point
just fits the sockets of the female dowel, ensuring
an accurate location on the opposite side of the
pattern for the male half of the dowel.
TRANSFERRING LINES
TO PATTERN STOCK

Using the pattern layout as the basis, trans-
fer the measurements of the hinge from the
layout board to the pattern stock. The same
procedure described in chapter 9 is employed:
(1) the centerline is located; (2) bosses are
scribed; and (3) the right end detail and then
the left end detail of the hinge are completed.
This brings the job to the point illustrated in
figure 12-6.
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Figure 12-5. Transfer points.
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68.91

23.27(68)F
Figure 12-6. The pattern laid out preparatory

to cutting.
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Be sure to lay out one right-hand and one
left -hand view of the pattern and to avoid the
common mistake of laying out two drag halves
that will not match.

BANDSAWING AND MACHINE
SANDING THE PATTERN

The next step is to cut the pattern to the
desired length, width, and thickness. For some
jobs, the lathe is used to turn the pieces with
the ends of the parted pattern halves glued
together for 1/2 inch at each end. In the hinge
job, use a bandsaw to remove the excess wood,
as shown ip figure 12-7. You can use a circular
saw to cut the stock to the desired width and
length. The planer, drill press, and hand plane
also can be used to reduce the stock to the
thickness desired.

Now sand the outline of the pattern smooth
to bring it to the exact dimensions desired, and
to give the pattern draft. (See fig. 12-8.) In
part A of figure 12-8 the Patternmaker is setting
the tilting table at an angle so that the outside
surface will be slanted. In part B of figure 12-8
he is completing the sanding job by operating
a sander spindle to smooth out the inside
curves.

29.137(68)D
Figure 12-7. Sawing the pattern.
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A
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1111111.0, SETTING THE TABLE FOR

8

PROPER DRAPT

,z ;41etteHlz

L'

C

SANDING TN! PATTERN TO SHAPE

SANDING THE INSIDE CURVES AND IRREGULER SURFACES

Figure 12-8. Sanding.

HAND-CARVING
THE PATTERN FILLETS

For the hinge pattern, you do not have to
provide any cores, core prints, or afore boxes.
However, you must carve a rib for each side of
the pattern. Figure 12-9 illustrates the start
of this step. Here the Patternmaker has scribed
the outlines of the ribs on the stock. He next
proceeds to cut them out, as shown in figure
12-10. In part A of figure 12-10, the Pattern-
maker is boring away excess wood. Then he
carves away some more a the excess wood,
as illustrated in part B of figure 12-10, being
careful to leave enough material for carrying
the fillets.

In part C of figure 12-10 he is completing
the carving of the rib to shape with a chisel. In
part D of figure 12-10 you see the center ribs
cut out and the pattern ready for the carving
of fillets.

In some cases it Is possible to carve the
fillet out of the pattern stock. This built-in type
is comparatively durable and strong. It is com-
monly used for long straight angles or very
flat curves. Figure 12-11 shows the Pattern-
maker cutting a fillet on the hinge pattern.

Leather fillets are run on patterns when
speed is a factor and durability is not required.
Two methods are employed to secure leather
fillets to a pattern. One method is to use shellac
as an adhesive agent, and the other method is to
glue the fillets to the Job.

-
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68.92 23.27(68)0
Figure 12-9. Laying out the sides.
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,

USING A GOGE IN
BORING THE EXCESS WOOD

USITHE
RIBS

U
TO SHAPE

USING A CHISEL THE CENTER RIBS CUT OUT

Figure 12-10. Cutting the ribs.

Figure 12-11. Carving a fillet.

68.93

You are now ready to complete the pattern
construction in the series of steps shown in
figure 12-12. In part A of figure 12-12 you see
the Patternmaker using a smoothing or Forstner
bit to remove excess stock. Part B of figure
12-12 shows the pattern ready for final cutting
of the rib. Part C of figure 12-12 shows the use
of a surface gage in laying out the angle of the
rib. Part D of figure 12-12 shows the use of a
Forstner bit in cutting the rib down to the scribed
line.

CHECKING AND FINISHING
THE PATTERN

This brings you to the final stepwhich is
finishing the pattern. (See fig. 12-13.) Part A of
figure 12-13 shows one completed pattern ready
for sanding. Part B of figure 12-13 shows one
method of securing the pattern with a clamp in
the bench vise to facilitate final sanding by hand.
Nc vt, brush the wood dust from the pattern and
apply a smooth, even coat of shellac as shown in
part C of figure 12-13. You should provide

68.94 adequate ventilation when sanding and shellack-
ing to reduce the harmful effects on the lungs of
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A

USING A SMOOTHING SIT

IIllaimel...t'---
C

LAYING OUT THE ANGLE OP THE RIB

THE PATTERN READY FORLATING
OUT THE ANGLE OP THE

D

CUTTING DOWN THE RIR

68.95
Figure 12-12. Completing the pattern.

sandpaper dust and shellac fumes. Coat the pat-
tern with appropriate colors in accordance with
the standard pattern color code. After the final
coat of shellac has dried, fasten the metal
identification tape to the pattern with small
brads; then doublecheck the completed pattern
for accuracy against the layout and the blueprint.
Figure 12-14 shows the completed pattern ready
to go to the foundry for molding and casting.

The Patternmaker's job is to make a wooden
pattern for the Molder to use. The Molder takes
the hinge pattern, embeds it in treated sand,
withdraws the pattern, and fills the cavity with the
molten bronze. This process is discussed briefly
and illustrated here. For a complete understand-
ing of the Molder's job, read the Navy Training
Manuals prepared for the Molder rating.

RAMMING AND POURING
THE MOLD

Figure 12-15 shows the first step in the
molding of the hinge pattern. The Molder has
placed the bottom or drag half of the pattern
on a smooth board, called the molding board
or pattern board. The bottom half of the flask,
known as the drag, has been placed upside down
on top of the mold board. Notice that the pattern
is set a little to one side of the center to provide
space for the gating and risering systems to be
added later in the molding procedure. A fine,
dry material, called PARTING SAND or pprtine,
is dusted on the pattern to prevent the moist
molding sand from sticking to it.

Next, sand is sifted through a sieve, called a
RIDDLE, until it covers the pattern for about
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68.96
Figure 12-13. Finishing a pattern.

1 1/2 inches. Foundry sand is different from
the sand you find at the seashore. It must be
PLASTIC, so it can be formed into whatever
shape is desired; COHESIVE, so that it will hold
the shape; POROUS, so that the gases formed
when the molten metal is poured into it can pass
through it; REFRACTORY, so that it does not
burn or melt. Sands used for molds are tem-
pered by adding water and mixing thern co that
they have a correct moisture content.

Using his hands for packing, the Molder tucks
the sand firmly around the pattern and edges
of the flask. Then he fills the drag with molding
sand.
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Figure 12-14. The completed pattern.
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68.99
Figure 12-15. The pattern in the drag.
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The next step is illustrated in figure 12-16.
The Molder uses the peen end of a rammer and
rams around the sides of the flask to ensure
the sand hanging in well. He carefully rams
around the pattern and then rams back and forth
across the flask. More sand is added and the
other end of the rammer, the butt end, is used
to pack the sand firmly. With a straightedge,
called a STRIKE, the Molder levels off the drag
by striking off all excess sand. A bottom board
is placed on top of the drag, the drag is turned
over, and the mnIti hoard is removed. Figure
12-17 shows the drag completed. 1.*41Ne

The Molder now gets busy on the top half of
the flaskthe cope. He sets the cope on the
drag. Some flasks, known as snap flasks, have
corner hinges which must be placed at the same 68.101
corner of the cope and drag. The top part (cope) Figure 12-17. The drag completed.
of the pattern is placed on the bottom !-.alf (drag)
making sure that the dowel pins seat firmly
in the dowel holes. Parting sand is dusted over
the surface of the drag and the pattern. This
forms a non-binding film between the two mold
sections so that they will not stick together
when the Molder separates them later.

i
r

The Molder next prepares openings to permit
the metal to be poured into the mold and to
rise over the heavy sections of the casting.
Figure 12-18 shows how the Molder has placed
a wooden sprue stick near the corner, and two

r

.4411111/

)

"".

tzar-

68.102
Figure 12-18. The cope with sprue and riser

sticks.

riser sticks near the pattern. The cope is now
rammed with sand in the same way that the
drag was prepared. When a packed, flat surface
is obtained, the Molder partly shapes a pouring
basin with a gate cutter, which is a small
U-shaped piece of metal. Then he removes the
sprue and riser sticks. Figure 12-19 illustrates

68.100 the result of these steps. The Molder finishes the
Figure 12-16. Ramming with the peen end of a pouring basin with a trowel or slick. The cope

rammer. is lifted off and turned over.
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68.103 68.104
Figure 12 -19. Finishing the cope with a slick. Figure 12-20. Removing the pattern.

The next step is to draw or remove both
halves of the pattern from the sand. Figure 12-20
shows the pattern removed from the cope and
the Molder removing the pattern from the drag. i
He is using a draw spike which he has pushed 111%.-.-..4.-_

into the center or balance point of the pattern.
He will rap the draw spike lightly front, back,
and orosswise with a mallet. In this way, he will ?

i
'.1a,k,...kia.1.Iloosen the pattern. Then he will gently draw it r,

from the drag. If any breaks occur, the Molder ien.,..-df
repairs them.

Gates or passages are made with a gate
cutter so that the metal, when poured, will flow
from the pouring, brAsin opening or sprue through
the gating system into the cavity formed by the
pattern and up into the riser openings. The
mold is blown out clean with bellows. Graphite
1.4 spraireo 1r painted on the two surfaces.
Figure 11 2. shows the mold ready for closing
and the pouring of the metal.

The cope is placed on the drag and the We
parts weighted, snapped, or clamped together.
The Molder then proceeds to make as many
molds of the patterns as required by the job
order. Figure 12-22 shows the Molder pouring
the metal from a hand ladle into the sprue of
the mold. The., metal runs into the risers and
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68.105
Figure 12-21. Spraying graphite on the mold.
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there serves as a supply while the casting cools.
In this way, shrinkage cavities in the casting
are prevented. Note in figure 12-22 that the
Molder and his helper are wearing safety clothing.
The Molder's helper, the skimmer, is skimming
or holding hack slag or impurities so they will
not enter the mold.

Metal castings take from 5 minutes to 3
hours to solidify. Usually, the casting is left
overnight to cool off. When the casting has
become solid, it is shaken out of the mold. Se
sure the casting has cooled sufficiently to permit
safe handling. Figure 12-23 shows a comparison
of the wooden pattern to the casting. The casting

23.27)
Figure 12 -23. Comparison of the casting to the

pattern.

still has the sprue, gates and risers attached. The
molder then uses a sprue cutter or metalcutting
handsaw to out off the sprue and risers from the
casting. (See fig. 12-24.) The pasting is now ready
for its final step in the foundry. It is cleaned
by a high pressure stream of compressed air
and sand or shot. Then it is ground on an emery
wheel and hand filed. The hinge casting now
appears as shown in figure 12-25 and is ready

68.106 to go to the machine shop for machine finishing.
Figure 12-22. Pouring molten metal into the The pattern is sent back to the pattern shop for

mold. storage.
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c
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68.107
Figure 12-24.Cutting the sprue and risers from

the casting.

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 13.

COPE OVERHANG An additional draft al-
lowance to cope core prints of a split pattern
used to minimize the possibility of crush while
seating the cope half of the mold.

7' . Z
.. '

y.

23.27K
Figure 12-25. The casting as it appears when

ready to leave the foundry.

MACHINE FINISH Operation of turning or
cutting an amount of stock from the surface of
metal in order to produce a finished surface.

MACHINE FINISH ALLOWANCE An allowance
made on a pattern to give additional metal
thickness on the casting for the purpose of
machining.

STRESS Inner forces of opposite directions
developed in castings during solidification.
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CHAPTER 13

CONSTRUCTING A CYLINDRICAL PATTERN

AND CORE BOX

As a Patternmaker on a repair ship or
tender, you will be required to build a great
variety of patterns. It is practically impossible
to describe the construction procedures for
each and every kind of pattern job you may
get. Every job is different and oresents its
own distinctive problems of construction. The
best that can be done in the limited space
available in a training course is to describe
a few typical pattern jobs that provide the
basic construction procedures. Chapters 9 and 12
presented the detailed procedures for laying
out, making, and molding a parted, flat-back
hinge pattern which required a combination of
hand-carving and machine operations. The hinge
pattern was relatively simple and required no
cores. The construction procedures described
in making the hinge pattern are basic and may
be adapted to the construct -m of many other
kinds of parts, such as brackets, hooks, and
levers. This chapter will take up the procedures
for making the pattern for a hollow cylindrical
casting, which calls for more skill, in that
a core is necessary in producing the casting.
This core requires the construction of a core
box.

The representative sample used in this
chapter is the pattern for a periscope eyepiece
housing. Most of the construction procedures
involve lathe turning operations. Much emphasis
is given to the precision workmanship required
in building the core box. These construction
procedures are also fundamental to the con-
struction of patterns and core boxes for many
other cylindrical castings, such as bushings,
rollers, hollow mandrels, pipes, and spools.

BLUEPRINT CONFERENCE

Although the blueprint conference, if any is
required, 'will probably be between the senior
Patternmaker and the tik..nior Molder, you as a
PM3 or PM2, should know how the planning of

a pattern takes place. The blueprint conference
aids all parties concerned in obtaining a better
understanding of each other's problems and
results in the prqduction of a satisfactory pattern
and a sound casting in the shortest time and at
minimum expense. This conference is usually
very informal and consists of two phases:
a study of the nature and function of the casting
with regard to size, form, and relation to other
parts of the assembly; and a study of the methods
of construction, and the molding and machine
finishing processes required.

Figure 13-1 shows the blueprint of the
periscope eyepiece housing which will be dis-
cussed in this chapter. Refer to the title block
which gives you the following information:

(1) Nomenclature of the part periscope eye-
piece housing;

(2) Kind of metal to be usedaluminum;
(3) Number of castings requiredthree;
(4) Scale and nature of the object in re-

lation to other parts;
(5) Revisions to the print, if any;
(6) Kind of finish;
(7) Heat treatment data, if required.

In very complicated jobs, the Chief Molder
may assist the Chief Patternmaker in deter-
mining the size and shape of the core prints
required. For other jobs, the Chief Machinery
Repairman may offer suggestions concerning the
amount of machine finish allowance to be added
and possible methods of construction to facilitate
machining.

The PMC and the MLC agree that for this
particular job a parted pattern with a straight
parting line would be the most suitable method
of construction. After the details of the pattern
construction and molding procedures have been
settled, you will receive your instructions from
the PMC. The complexity of the specific job
usually determines how detailed your instruc-
tions will be. For the complex jobs, you may
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Chapter 13 CONSTRUCTING A CYLINDRICAL PATTERN AND CORE BOX

be told what views are required for the layout,
what shrink rule to use in dmwing the layout,
what kind and size of fillets are required, and
what allowances should be made fo machine
finish and for draft. For comparatively simple
jobs, the PMC will rely on your ability to solve
these problems for yourself. This procedure
helps to develop your own skills and initiative.
Of course, the chief is always ready to offer
assistance if you have any difficulty.

DRAWING THE LAYOUT

Remember that the blueprint shown in figure
13-1 is a copy of a drawing made to scale
with the conventional mechanical drawing instru-
ments. As a Patternmaker, you use the blueprint
as the original source of all measurements,
dimensions of the part to be made, and other
data. However, you must redraw the part on
a layout board with the proper shrink rule,
taking into consideration the specific molding
requirements, such as shrinkages, finishes,
partings, cores, and core prints. The accuracy
of the pattern depends upon the accurac:y with
which you draw the layout.

First, you must study the blueprint so that
you know it thoroughly and have an accurate
mental picture of the size and shape of the
casting. Particular attention should be given
to the notes on fillet sizes and other data on
the blueprint. Since the title block of the print
shows that the casting of the periscope eyepiece
housing is to be made of aluminum, you will
use a 5/32-inch shrink rule in drawing the
layout. When making the layout, use as many
views as necessary to give the complete picture
of the job.

For this particular job, two full-scale ortho-
graphic views (one front view and one side
view) will be required. The top view is un-
necessary because it does not add significant
construction features to the other two views.

The general procedure is to lay out all
the solid outline lines, then add the interior
or hidden lines. The next step is to add the
machine finish in red crayon or black pencil,
then add the core prints to complete the layout.
Allowance for draft is not usually shown on
the layout so you must remember to add it at
the time of actual construction of the pattern.
For instruction purposes, the layout procedure
will be described step by step. It is suggested
that you follow these instructions and prepare
your own layout for practice.

Select and prepare a layout board large
enough for the views to be drawn. (If the layout
board is more than 10 inches wide, reinforce
it with battens to prevent warping.) Allow
additional space for the core prints. Plane
the surface of the board smooth. Plane the
bottom edge straight and square to use as a
working edge in making measurements.

Lay out all outline lines to full-scale on
both front and side views. For instruction
purposes, the side view will be drawn first.
In actual practice, the Patternmaker will lay
out his measurements on both views at the
same time to avoid any errors that might be
caused by the re-setting of his layout tools.
With experience, each Patternmaker will develop
his own short cuts. Refer to figure 13-2, which
contains all the measurements taken from the
blueprint, and which also indicates the various
steps in drawing the layout. The sequence of
steps represents only one procedure for drawing
the layout. Each Patternmaker will probably
develop his own work routine. Remember, too,
that the Patternmaker actually works from the
blueprint and that this extra sheet of measure-
ments is shown for instruction purposes only.
Refer to the table of decimal equivalents, shown
in chapter 8, which you will find to be a great
convenience in drawing the layout. You are now
ready to start the layout.

Lay out the horizontal centerline, which
represents the parting line, and the vert.oal
centerlines, allowing adequate space for the
required views. Use the combination square
to draw the vertical centerlines, and the panel
gage to draw the horizontal centerline. These
lines must be drawn with great accuracy, because
they will be used as the basic reference lines
for subsequent measurements.

LAYING OUT
THE SIDE VIEW

In laying out the side view the steps are
as follows:

STEP 1: Measure and scribe a line 3.65
inches (approximately 3 21/32 inches) to the
right of the vertical centerline. A check of the
table of equivalents shows that 3 21/32 inches is
actually equivalent to 3.6563 inches rather than
3.65 inches. A good rule to follow in pattern-
making is to be slightly on the heavy side
rather than to run the risk of having an in-
sufficient thickness of metal in the casting.
Moreover, the minute extra thickness of a
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Chapter 13 CONSTRUCTING A CYLINDRICAL PATTERN AND CORE BOX

particular part of the pattern may always be
taken down by one or two light strokes with
finishing sandpaper. This policy will be followed
throughout the layout procedure and will serve
to explain slight discrepancies between fractional
and decimal equivalents.

STEP 2: Measure and scribe a line .50 inch
to the left of the line drawn in step 1.

STEP 3: Measure and scribe a line 3.60
inches to the right of the vertical centerline.

STEP 4: Measure and scribe a line 3.0
inches to the right of the vertical centerline.

STEP 5: Measure and scribe a line .97 inch
to the right of the vertical centerline.

STEP 6: Measure and scribe a line .67 inch
to the right of the vertical centerline.

STEP T: Measure and scribe a line 2.0625
inches upward from the horizontal centerline
to locate the top of the flange.

STEP 8: Measure and scribe a line 1.82
inches downward from the horizontal centerline
to locate the bottom of the flange.

Doublecheck all your measurements as you
go along. Do not wait until the entire layout
is completed to try to locate any errors. Also,
blacken in the knife lines of the outline of the
pattern as you go, to avoid the confusion of a
mass of scribed lines.

STEP 9: Set the dividers and scribe an arc
above and below the horizontal centerline to
lay out the diameter of 2.5595 inches.

STEP 10: Set the dividers and scribe an arc
above and below the horizontal centerline to
lay out the diameter of 2.10 inches.

STEP 11: Set the dividers and scribe an arc
above and below the horizontal centerline to
lay out the diameters of 2.875 inches and 2.8745
inches.

STEP 12: Set the dividers and scribe an arc
above and below the horizontal centerline to
lay out the diameter of 2.950 inches.

STEP 13: Set the dividers and scribe an arc
above and below the horizontal centerline to
lay out the diameter of 3.250 inches.

STEP 14: Scribe the two 45° angles called
for on the blueprint.

STEP 15: Add the machine finish allowance.
Referring to the blueprint, you will notice that
all the surfaces are to be machine finished.
Next, consult table 10-2, Machine Finish Allow-
ance Guide, in chapter 10, for the amount of
machine finish requited for an aluminum casting
under 12 inches. You will note that the machine
finish allowance is 1/16 inch. Add an extra
1/16 inch to the outside dimensions, as well

ANIMMW1111.1111

as to the internal bore of the layout. When
adding machine finish allowance to internal
surfaces, the finish allowance is actually sub-
tracted from the finished dimension. In other
words, the finish allowance will make the
internal bore on the layout smaller. (See fig.
13-2.) For some jobs, you may have to confer
with the Machinery Repairman to determine
whether or not he agrees with the use of the
machine finish allowance listed in the guide.
To identify the surfaces that require machine
finish, color them with red crayon or with
black lead pencil. To facilitate machining,
finish allowance is usually added as a panel
of uniform thickness. Use your best judgment
in providing a sufficient thickness of metal
for machining, and at the same time, avoid
excessive thichnesses which may cause hot spots
or shrinkage cavities in the casting.

STEP 16: Scribe a fillet with a radius of
1/16 inch at points, a, b, o, d, e, f, g, and h,
shown on figure 13-2.

STEP 17: Add the core prints.

In very complicated jobs, the Patternmaker
will confer with the Molder at this stage of
the layout. Since there are no special com-
plications on this job, you, as a PM3 or PM:,
will probably use your own judgment or receive
instructions from the PMC. You know that in
order to support the core in the mold, it is
necessary to extend the cure prints from each
end of the path_ The gore prints are usually
the same in dian. .er as those of the respective
cores, and are long enough to bear the weight
of the core plus the stress of the molten metal
as it fills the meld.

The following is a general rule for deter-
mining the length of core prints that has proved
satisfactory in practice: "For horizontal cores,
the length of the core prints should equal one-half
the diameter of the core plus one Inch."
Remember that this is only a general rule and
that each Job must be considered in relation
to its own specific requirements. For example,
in this particular job, since the core will be
anchored at each end, the possibility of shifting
is remote. Therefore, a slight deviation from
the general rule may be permitted. For con-
venience in construction, the length of the core
prints decided on is approximately 2 3/16 inches
at each end. Scribing the taper and crush (cope
overhang) at the ends of the core prints completes
the side view of the layout. The cope overhang
on the ends of the core prints is illustrated
as "X" in figure 13-3.
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Chapter 13 CONSTRUCTING A CYLINDRICAL PATTERN AND CORE BOX

LAYING OUT
THE FRONT VIEW

Using a panel gage, transfer the necessary
measurements from the side view to the front
view. Scribe the required circles with dividers.
Be sure to flatten the bottom half of the flange
shown on the fro'''. ew. Add the machine finish
allowance.

The layout is now complete; your work should
look like the drawing in figure 13-3. Identify
the parting line by marking it with the symbol:

Check the completed layout against the
blueprint to verify all dimensions and to
ensure accuracy. It is a good policy to encircle
each dimension on the blueprint as you check
your work to make sure that you have accounted
for all of the important dimensions. These
light pencil marks may be erased after checking
the layout. You are now ready to proceed with
the actual construction of the pattern.

CONSTRUCTING THE PATTERN

After completing and checking the layout
for accuracy, study it carefylly and try to
visualize the breakdown of the pattern into
its component parts for construction purposes.
At this point in the procedure, plan all the
work processes. Decide which phases of the
construction will be accomplished by power
machines; which phases will require the use of
handtools; what templates will be needed; which
fillets can be turned on the lathe, hand-carved,
or run in with leather. Always keep in mind
the directiqn of grain of the stock for the
following ons:

1. To minimize end grain and short grain.
2. To obtain a pattern of maximum strength.
3. To utilize the direction of grain to counter-

act the warpage of adjacent pieces of stock.
4. To avoid cutting or planing against the

grain during actual construction.

The pattern for the periscope eyepiece
housing being discussed in this chapter is
relatively simple and probably will not require
extensive conferences with the Molder. The
type of pattern equipment selected is the single,
loose pattern. The parted pattern method of

construction will be used. You are now ready
to get out the stock.

SELECTING AND PREPARING
THE STOCK

Referring to the layout shown in figure 13-2,
note that the largest overall dimensions, in-
cluding the core prints, are 8 1/4 inches long
by 4 1/4 inches wide, by 2 1/8 inches thick.
Allow an extra inch or so on each end of the
longest dimension for waste stock. Select a
piece of white pine approximately 21 inches
long by 5 inches wide by 2 1/2 inches thick.
Plane one face of the stock on the jointer.
This surface must be perfectly straight and
smooth, because later it will become the actual
parting surface of the two halves of the pattern.
Also, plane one edge of the stock on the jointer
to provide a true and square working edge
from which you can make accurate measurements.
Mark an arrow on the stock with black lead
pencil to indicate the direction of the grain.
Mark the center of the stock e shown in figure
13-4.

Cut the stock in half along the centerline
and place one piece over the other, just as
the cope half would fit over the drag half. Locate
the dowels in cope and drag halves by measuring
from the working edge of the stook. Make sure
that the male and female dowel fittings are
inserted in the pattern portion of the stock
and not in the waste stock at each end. (Refer
to the previous detailed instructions for inserting
dowels of different size.) Very often the in-
sertion of the dowel pins will cause a slight
misalignment of the two pieces of stock. To
correct this error, true up the workitig edges
of both pieces of stook once again. Use a hand

68.134
Figure 13-4.Selecting and preparing the stook.
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jointer plane if the stock is too small to be
used with safety on the jointer machine.

When preparing the stock for turning this
parted pattern, you must make sure that the
parting line, or joint in this step of the job,
is exactly in the center. This is necessary
so that two symmetrical halves will be turned.
This pattern can be drawn from the sand more
easily when the maximum diameter is at the
parting line. One good way of doing this is
by gaging a series of lines equidistant from
the parting joint on each end of the stock
before the two pieces are fastened together
for lathe turning. See figure 13-5. Fasten the
parted pieces together by inserting wood screws
into the waste stock at each end of the pattern,
with the screw holes on one piece counterbored
so that the screw heads are below the outside
surface. It is very important that the two halves
be joined securely to reduce the danger of the
work flying apart while it is being turned on
the lathe.

Mount the work in the lathe, centering the
stock as precisely as possible by sight. Check
the accuracy of the mounting by turning a test
space about 1/8 inch long at each end of the
stock to a perfect circle. If the edge of the
circle coincides with two of the gaged lines,
one on each side of and equidistant from the
parting joint, it indicates that the work has
been properly centered. If not, you will have
to tap the stock lightly with a rawhide mallet
on one side or the other to center the work.
You can also make this test by marking off
the distance on each side of the parting joint

EQUIDISTANT
GUIDE LINES

68.135
Figure 13-5. Centering parted pieces for lathe

turning.

with a pair of dividers. If the distances are
the same, then the work is properly centered.

LATHE TURNING
OF THE PATTERN

Begin the lathe turning operations by turning
the largest diameter required first, and working
is sequence down to the smallest diameter.
Referring to the layout in figure 13-3, note
that the diameter of the flange is the largest
diameter required for this pattern. Turn the
entire length of the stock to this diameter.
When you first start the lathe turning operation,
you will notice that the gouge tends to vibrate
the stock a good deal. You must be especially
careful at this stage to prevent grabbing and
to prevent dislodging the work from the lathe.
As the corners of the stock are removed and
as the work approaches a cylindrical form, the
vibrations will decrease and will practically
disappear when the piece becomes a true cylinder.
It is advisable, in most cases, to start the lathe
turning at low speed and then to increase the
rpm as the stock approaches a true cylindrical
form.

At this stage in the procedure, you must
scribe two reference lines to help you locate
the pattern on the turned cylinder so that the
pattern will be centered with approximately the
same amount of waste stock at each end of
the cylinder. (Remember that you allowed an
additional inch of stock at each end for waste
and for the wood screws.)

Actually you use only one of the reference
lines at one end of the stock as the guide from
which you can make accurate measurements
in transferring dimensions of the pattern from
the layout to the turned cylinder. This is a
critical reference line that must be scribed
with care. Locate this reference line on the
turned cylinder by measuring a distance of
1 inch inward from one end of the turned
cylinder. Touch this point lightly with the tip
of a lead pencil or with the pointed leg of a
pair of dividers, while the work is revolving
in the lathe. Be very careful that the work
does not grab while you are marking or scribing
this line.

From the layout, pick up the measurement
representing the distance between the flange
and the beginning of the waste stock. This
is approximately 5 inches. Note that it is not
necessary to obtain the precise measurement
because you have a sufficient surplus of 1
inch of waste stock to compensate for any
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Chapter 13CONSTRUCTING A CYLINDRICAL PATTERN AND CORE 130X

slight deviation in measurement. Step this
dimension off with dividers, as shown in figure
13-6. In a similar way, scribe the line re-
presenting the thickness of the flanges, which
is 7/16 inch.

WASTE STOCK
OF FLANGE

Because it is sound pattern practice to turn 1

fillets in the lathe wherever possible, allow
an additional 1/16 inch on each side of the
flange. After allowing an additional 1/16 inch
for turning the fillets at (a) and (b) in figure
13-7, you will find that the total thickness of
the flange is 9/16 inch.

Turn the next largest diameter of 3 3/8
inches. Allow an additional 1/16 inch of stock
for turning the fillet at (c) in figure 13-7.
Turn up the diameter of 3.0 inches on the
right-hand side of the pattern. Using the dividers,
step off the distance to the end of the pattern
and to the beginning of the core print on each
side. Turn up the diameter of the core prints.
The diameter of the core print on the right-
hand side is 1.975 inches: on the left-hand side
it is 2.75 inches. Allow an additional 1/16
inch of stock for the fillet between the end 68.136

of the pattern and the beginning of the core Figure 13-6. Using dividers to transfer dimen-

prints at points (d) and (e) in figure 13-7. sions from the layout to the stock in the lathe.

THICKNESS APPROX i" or
WASTE STOCK

TOOLRPST

The fillet between the pattern body and the
core print is sometimes called the CRUSH
because it reduces the crushing of the sand
mold during the molding procedures. Transfer

ALLOWANCE FON
TURNING THE FILLET APPROX.

WASTE STOCK
WASTE STOCK y ,

7.

0

Figure 13-7. Locating the flange of the pattern.

361

68.137



MIMINIMIIMIMM=MO'
PATTERNMAKER 3 & 2

the length of the core prints from the layout
to the stock, using dividers. To simplify con-
struction, both core prints are made 2 3/16
inches long.

FINISHING
THE PATTERN

While the work is still mo mted in the lathe,
apply one or two coats of "yellow" shellac.
Sand lightly between coats. Remove the pattern
from the lathe, separate the cope and drag
halves, and shellac and sand the parting surfaces.
Compare the cope and drag halves of the pattern
with the layout for accuracy. Notice that the
flange on the cope side of the pattern is flattened.
Pick up the measurement from the layout and
mill off the 2-inch flat surface on a drill press
or router, using a Forstner bit followed by a
smoothing bit. Saw off the ends of the core prints,
allowing for draft on the drag side and draft
plus COPE OVERHANG on the cope side. Some-
times cope overhang is also referred to as
CRUSH because it prevents tearing of the sand
when the mold is closed over. Sand the core
prints to the required lengths. Lay off the
outline of the core on the parting surface of
the drag half of the pattern (Molder's Blue-
print). Shellac the completed pattern according
to The Standard Color Code. Insert rapping
plates and add embossed metal tape pattern
letters or figures for identification. Figure 13-8
shows the completed pattern. Note that the pattern
shown in figure 13-8, intentionally has NOT
been shellacked according to the Standard Color
Code to make it easier for you to see the details
of the construction of the lathe-turned fillets.

CONSTRUCTING THE CORE BOX

A study of the layout and of the completed
pattern of the periscope eyepiece housing will
help you to decide on the appropriate inethod
of constructing the core box. For this particular
job, an open-end core box of parted construction
will probably be most suitable for maximum
accuracy. See figure 13-9.

You will notice that the core box is made
in two halves which are equivalent to the cope
and drag halves of the pattern. Each half of
the core box is made up of two blocks of wood
fastened together with glue and reinforced with
screws. The particular shape of the core makes
this method of construction especially desirable,
because it reduces the amount of hand carving
required and it saves molding time. The Molder
can stand the core box on end on a core plate
and ram the cylindrical core in one solid mass
of sand. The solid core is placed in the core
oven to bake, and is soon ready for use in the
mold.

For certain similar jobs, where precision
is not too critical a factor, you can also use
the half-box method of construction. However,
before you decide upon this alternate method
you must consider very carefully the relative
advantages and disadvantages of the half-box.
The main advantage of the half-box is that it
reduces the amount of work for the Pattern-
maker, because only one-half of the core box
need be bult. The disadvantages are twofold:

1. Double work is z ,quired for the Molder
because he hail to ram two halves of the core,

.?"

68.139
68.138 Figure 13 -9. Core box for the periscope eye-

Figure 13-8. The completed pattern. piece housing pattern.
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bake them in the core oven, and then paste
the two halves together.

2. When the two halves of the core are
pasted together, a certain amount of precision
is lost, because the thickness of the layer of
paste may vary from Lore to core. Making the
core in two halves also results in the formation
of a seam or ridge. Usually, in grinding away
the ridge, some of the core is also ground
away, whicn, in turn, affects the wall thickness
of the casting. The undersized core will not
seat properly on the core prints in the mold
and will result in an excessive amount -4 metal
wall thickness on one side and an insufficient
amount cf metal wall thickness on the other
side of the casting. This may well cause rejection
of the casting.

A.fter considering all these factors, it was
decided, for precision, to build the core box
using the open-end method rather than the
half-box method of construction. The steps of
construction are as fellows:

1. The first step in constructing the core
box is to get out the required stock. You will
need four pieces of stock: two for the cope
half, and two for the drag half. Picking up
the measurements from the layout, you will
need two pieces of stock 5 1/2 inches long by
6 1/2 inchf.. wide by 3 1/4 inches thick, and
two pieces 3 inches long by 6 1/2 inches wide
by 3 1/4 inches thick. These measurements
are a little oversize to provide for waste
stock. (Length of stock is always measured in
the direction of the grain of the wood.) It is
advisable to mark an identifying number or
letter, in pencil, on each ta.ee of stock to
avoid mismatching the parts. See figure 13-10,
which shows the dimensions of the stock required
for the drag half of the core box. Notice the
two adjoining ends of the stock; they must be
sanded smooth, straight, and square in perpara-
tion for gluing. This glued joint must be perfectly
true because you will make many of your
measurements from this line.

2. Fasten the two parts with screws.
temporarily so that the outline of the core can
be scribed on the flat parting surface. Use no
glue at this point in this procedure.

3. Dress the parting surface on the jointer.
Repeat this procedure for the cope half of the
core box.

4. Locate the dowels in the parting surfak:e,
msidng your measurements from the joint
between the two attached blocks. This joint is

used as a vertical reference line to ensure
that the .wale and female dowel fittings line
up perfectly.

5. Place ,Te half of the core box on
top of the drag half and dress one edge on
the jointer to give you a true working edge from
which you can make accurate measurements
dying the rest of the construction procedures.

6. Lift the cope half off the drag half and
lay out the outline of the core on the parting
surface as shown in figure 13-1i. Because the
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68.140
Figure 13-10. Getting out the stock for the core

box.
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Figure 13-11. Laying out the outline of tli* core
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core is perfectly symmetrical about the hori-
zontal axis, you need only to show the wall
thickness of the casting on one side. The other
side would be identical. Obtain the measure-
ments fi .1 'he layout, making sure to subtr act
the mac:. t..( finish allowance on the inter)or
of the cast.iA.5. For example, according to the
blueprint, the diameter of the small opening
of the casting is given as 2.10 inches. An
allowance of 1/16 inch (.0625) was made for
machine finish on each side. The total allowance
for mac ' the finish is then 1/8 inch (.125) which
must be subtracted from 2.10 inches to give
the exact diameter (1.975) of the core cutting
through this part of the pattern.

Allowing for the threads to be cut on the
inside wall of the casting, the inside diameter
of the main body of the casting is shown on the
blueprint as 2.8745 inches. Subtracting .125
inch for machine finish allowance, will give
you 2.75 inches as the diameter of the core
cutting through the main body of the pattern.

7. Remove the screws and separate the two
blocks of stock so that the semicircular outline
of the core can be scribed on the ends of the
stock.

8. Make a series of kerf cuts on the table
saw as shown in part A of figure 13-12, and
carve to the line with a gouge. Sand the cavity
by hand or on a spindle sander. Test the semi-
circular cavity with a square as shown in part
B of figure 13-12.

9. Repeat this procedure with the smaller
block of stock to form the remaining part of
the core and the other core print. Lay out the
guide lines on the parting surface of the smaller
block of stock and work the 450 angles from line
to line by hand as shown in figure 13-13.

A B

68.142
Figure 13-12.A. Removing waste stock by a

series saw kerfs . B. Testing a semicircular
cote c)J. ty with a square.

Figure
68.143

13-13. After completion of the hand
carving operations.

10. Reassemble the two parts of the drag
half of the core box, gluing and screwing the
blocks in place. Plug the screw holes.

11. Obtain the overall length of the core
including the core prims, from the layout and
cut and sand the core box to this length. The
overall length of the core is taken from the
length of the drag half of the layout. Use the
glued joint on the parting face as the reference
line from which to make your measurements.
Sand and shellac the core box using the Standard
Color Code.

12. Repeat the procedure in constructing the
cope half of the core box. See figure 13-9,
which illustrates the complet4d core box. Note
that the core box shown in figure 13-9 has NOT
been shellacked in the Standard Color Code,
intentionally, so that you would be better able
to see the details of construction. The pattern
and core box are checked for accuracy and are
then se- to the foundry for the molding and

Jperations.

GLOSSARY OF TERMS

The following definition of a term is used in
chapter 14. top

JIG TEMPLATEAny device made to re-
ceive art hold a piece of material for acIdng
or outlining.
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CHAPTER 14

FLANGED FITTINGS

This chapter will describe a few of the
various methods of constructing flanged fittings
and their core boxes. It should be increasingly
apparent that there is no single, best method of
construction in patternmaking. Each job order
rn..:3t be considered on the basis of its individual
specifirations before you decide upon the method
of cone truction. Although there are some very
general principles of sound pattern construction,
there is no fixed set of rules to help you make
the correct decision in every instance. You will
have to rely on your own experience or on the
experience of the senior Patternmaker in the

In making your final decision upon the method
of construction, you n.h.st consider such repre-
sentative factors as the following:

1. Number of castings required.
2. Size and shape of the casting.
3. Intended use of the casting.
4. Urgency of the job.
5. Amount of precision required.
6. Number of anticipated reorders.
7. Strength ...nd expected life span of the

pattern.
8. Molding procedures to be used.
9. Kind of metal to be cast.

10. equipment and skill of personnel
available.

In each of the various methods of construction
described in this chapter, note .praticularly the
fundamentals of pattern joinery involved. The
fundamentals for laying out and constructing a
simple parted pattern, a simple cylindrical pat-
tern, and core boxes were previously described
in chapters 9, 11, 12, and 13. Once you achieve
complete mastery of these fundamentals, you will
be able to make the many other types of wood
patterns and core boxes required of a PM3 or
PM2, including the flanged patterns described
in this chapter.
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The construction methods involved for
flanged patterns will be illustrated by describing
s -.mples of the more common fittings such as
straight connections, curved connections, Tee-
connections, cross connections, and lateral
connections. It should be noted that the basic
surface developments described in chapter 8
can be applied to this phase of patternmaking.

The representative samples of the patterns
mentioned in this chapter, which serve for
instructional purposes, illustrate required tech-
niques for good patternmaking practice. Patterns
for pipe up to 6 inches in diameter are usually
made of solid stock split lengthwise into cope
and drag halves. Patterns for pipe larger than
6 inches in diameter are usually stepped up
or built up of staves and headers. When only
one casting, or just a few castings are required
from very large pipe patterns, you will probably
use the more economical skeleton method of
construction. If you use this method you must
also construct SWEEPS or STRICKLES to aid
the Molder in the molding procedure. See figure
14-1 for an illustration of skeleton construction.

Although it is not likely that you will ever
be required to build a pattern of such large size
while serving aboard a repair ship or a tender,
the skeleton construction method is illustrated
here to give you a greater appreciation of the
scope and practical industrial applications of
this method of construction.

STRAIGHT FLANGED PATTERNS
AND CORE BOXES

A straight flanged pipe fitting (spool, or
concentric and eccentric reducers) is basically
a short length of pipe with an attached flange on
each end. The core required for these fittings
should provide uniform wall thickness and
strength to all parts of the casting. In the
manufacture of a flanged pattern, the inside
and the outside may seem simple, but the
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23.202
Figure 14-1. Constructing a skeleton pattern.

construction methods and pattern jaiery used
require visualization and considerable skill to
construct the pattern and core box.

PIPE SPOOL PATTERNS
AND CORE BOXES

The first step in constructing a pipe spool
pattern, as in all pattern construction, is to
study the blueprint or working drawing (part A
of fig. 14-2), and to prepare a full-sized layout
(part B of fig. 14-2) using the appropriate
shrink rule, and including the core prints and
the machine finish allowance. In addition, the
layout should include all good pattern con-
struction features, such as, thickness of flange
material for flange inserts, position of screws
for holding the flange material, and position of
dowels. The sequence of operations in the
construction of a cast iron pipe spool is
illustrated in figure 14-2. Part A of figure 14-2
illustrates a working drawing of a cast iron
pipe spool; part B illustrates the complete
layout including all necessary information as to
its construction; part C illustrates the parted
pattern stock turned to rough dimensions; part
D illustrates how to determine the thickness
of the flange material; part E illustrates the
layout of the flange material; part F illustrates
the proper insertion of the flange material;
part G illustrates the rough turned pattern stock
and the inserted flanges prior to the final turning
of the pattern; and part H illustrates the finished
pattern, the core box, and the .lasting produced
by the pipe spool pattern.

The size of the pattern to be made often
determines the method of construction. Because
of its relatively small size, this pipe spool
pattern will be made of solid stock. The parting
line divides the body of the pattern longitudinally
into cope and drag halves. Select and dress two
rectangular pieces of stock of appropriate size
for the construction of the pattern. Fasten the
two pieces of stock together face-to-face with
screws, center in the lathe for spindle turning,
and rough turn to the dimensions, as shown in
part C of figure 14-2.

While the body is mounted in the lathe, turn
up the recesses into which flanges P and R
(part F of fig. 14-2) will be inserted. The
recesses must be turned deep enough to provide
a firm seating of the flange. In addition, the
depth should be below the surface of the pattern
to eliminate any feather edges on the fillets.

The inserted flange method of construction is
also used in the construction of flanged pipe
spools, globe valves, and reducing connection
patterns. Inserted flange construction has
advantages in that it:

1. Saves material by enabling you to turn
up the flanges apart from the main body. (If the
main body and the flanges were to be turned up
as a unit in one turning operation, it would
naturally require that you start with a much
larger block of stock.)

2. Makes a stronger pattern because short
grain is eliminated.

3. Reduces the tendency of the pattern to
warp and provides greater dimensional stability.

4. Me.kes the lathe turning operation simpler
and provides a smoother surface.

5. Simplifies construction by permitting the
turning up of the flange fillets while the work
is mounted in the lathe and the smooth fairing
of the fillets into the main body of the pattern.

Determine the thickness of the flange
material by referring to parts B and D of figure
14-2. The thickness of the flange material will
include:

366

1. The fillet turned on the pattern; plus
2. Draft, on the inside of the flange; plus
3. Thickness of the flange; plus
4. Finish allowance; plus
5. Draft on the outside of the flange; plus
6. The crush fillet between the outside of

the flange and the core print.
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Flanges P and R are made separately from
the body. Select stock for the construction of
the flanges so that the grain of the wood will
run tra.isverse to the grain of the wood in the
main body. (See part E of fig. 14-2.) This will
eliminate structural weakness in the pattern due
to short grain. Cut out the flanges, using a
handsaw. Sand the inner scribed semicircle on
s spindle sander splitting the line.

Use the flange as a template for turning the
recesses in the body of the pattern. Remove the
rough turned stock from the lathe and separate
the halves of the body V, the pattern. Referring to
parts B and D of figure 14-2, drill pilot holes
for wood screws in the center of the flange from
the parting surface of the pattern. Insert wood
screws in the pilot holes and secure the flanges
in position for reinforcement of the joint. Insert
and glue the flanges to the body as shown in part
F of figure 14-2. (Note: When determining the
position of the wood screw, the position should
be in the center of the flange, NOT in the center
of the flange insert. See parts B and D of fig.
14-2. Placing the wood screws in the center of
the flange eliminates the possibility of running
into the screws with lathe handtools when turning
the flange and the fillets from the insert.) The
edges of the flange inserts are permitted to
project above the parting surface of the body in
order that they may be planed true to this surface
after the glue has set.

Remount the work in the lathe (part G of
fig. 14-2 which shows the pattern prior to
finish turning), and finish turn the main body,
flanges, and core prints to the required size.
Fair the body fillet and the crush fillet smoothly
into the pattern.

Before removing the work from the lathe,
sand the work and apply a light coat of pattern
covering. After the covering is dry, sand it
lightly. Remove the work from the lathe and
separate the halves of the pattern. Cut and sand
draft on the drag half of the core prints,
matching the length to the layout. Set the cope
half of the pattern on the drag half and mark
the length of the cope overhang; cut to this
length and sand the proper draft. Apply pattern
coating in accordance with the Standard Pattern
Color Code. The finished pattern will appear as
shown in sketch X of part H of figure 14-2.

The pipe spool core box is actually a half
dump box. Two half-cores are formed by the box

and pasted together to form the completed score.
Select and dress stock to the proper size for the
box. Using the imasure.ments taken from the lay-
out, scribe the outline of the core and core
prints onto the parting face of the solid stock.
Scribe the semicircular outlines, of the core on
the ends of the stock. Cut a series of saw kerfs
lengthwise between the semicircular scribed
lines. Use a core box plane or a sole plane
to smooth out the semicircular cavity for the
core. Check the core box as previously described
in ehapter 3 under the section on the core box
plane.

Sand the box smooth and close the ends of
the box by attach. ng end pieces at the proper
length and draft angle. The length of the core
box is determined by the length of the drag half
of the pattern. When two half-cores are pasted
together, the length of the cope half of the
pattern minus the length of the drag half of the
pattern, then divided by two, determines the
amount of cope overhang allowance.

Sand the core box and apply a coat of pattern
covering in accordance with the Standard Pattern
Color Code. The finished core box will appear as
shown in sketch Y of part H of figure 14-2. The
final casting produced by the pipe spool pattern
(X) and the core box (Y) is illustrated as sketch
Z of part H of figure 14-2.

REDUCING CONNECTION PAT TERNS
AND CORE BOXES

A straight reducing connection is basically
a pipe spool with a tapered body. (See figs. 14-2
and 14-3 for comparison.) The reducing
connection pattern may be parted horizontally as
previously described for the pipe spool pattern.
However, since the body shape has a taper and
is a pressure fitting, the molding procedure for
high quality castings may be used. This molding
method requires more cores (a cover core as
well as a center core) and a larger number of
molding operations than does the horizontally
positioned parted pattern method. (See chapter
11, Cores and Core Boxes, for a description of
molding a pattern with a cover core.)

The sequence of operations for the construc-
tion of a straight reducing connection is illus-
trated in figure 14-3. Part A of figure 14-3
illustrates the working drawing of the reducing
connection; part B illustrates the complete
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PATTERNMAKER 3 & 2

layout; part C illustrates an exploded view of
the pattern with the various parts in relationship
to eazh other; part D illustrates two methods
of turning the pattern (sketch X shows the
spindle turning me.thod and sketch Y shows the
faceplate method) part E illustrates the turning
of the loose flange; and part F illustrates the
layout of the core box.

Select a block of wood of appropriate size
for the pattern, including the core print on the
small end. (See parts A and B of fig. 14-3.) For
the spindle turning method allow waste stock on
both ends, for the faceplate turning method allow
only enough waste stock for truing up the work.
Notice in part C of figure 14-3, that the large
cope core print and the small flange are loose
as required for vertical molding.

For the spindle turning method, mount the
pattern stock between centers and turn the
pattern to the dimensions taken directly from
the layout. Note the straight section on the pat-
tern for the loose flange. This length includes
the thickness of the flange plus finish on one
side plus the fillet on the opposite side. Before
removing the turned pattern from the lathe, apply
a light coat of pattern covering, allow to dry,
and sand it lightly. Upon completion of turning.
the pattern body will appear as sketch X in part
D of figure. 14-3. Remove the pattern from the
lathe, and place a small drill chuck in the taper
spindle of the headstock of the lathe. Place the
small end of the pattern on the dead center and
drill a dowel hole in the large flange end
through the waste material into the body of the
pattern. This dowel hole will line up the cope
core print to the main body of the pattern. Saw
and trim the waste material from both ends of
the pattern.

For the faceplate turning method, mount a
false faneplace on the lathe and turn to a true
surface. Mount a drill chuck in the tailstock and
drill a dowel hole into the center of the false
faceplate. Insert a short length of dowel into
the hole in the false faceplate. This dowel will
serve as a centerin: aid for mounting the pattern
stock on the false faceplate. Drill a dowel
hole in the center of the end of the pattern
material and mount the stock on the false face-
plate with wood screws. Turn the ettern stock
to the dimensions taken directly from the layout.
Before removing the turned pattern from the
lathe, apply s light coat of pattern covering,
allow the covering to dry and sand lightly. Upon
completion of turning, the pattern will appear
as sketc.I Y in part D of figure 14-3.

372

Mount stock thick enough for the loose flange
on a false faceplate and turn to the proper
dimensions. (See part E of fig. 14-3.) The hole
turned in the center of the flange will have a
running fit over the straight turned section on
the main pattern body. Then apply a thin coat
of pattern covering. Allow the covering to dry
And sand it lightly.

The loose core print may be turned on a
faceplate by mounting in the same manner as
previously described for the main body of the
pattern. Another method of shaping the loose
core print is to lay out the size of the -ore
print on the proper thickness of pattern stock,
cut out to the angle of draft and sand to size
on the disk sander. Sandpaper the completed
pattern and apply pattern covering in accordance
with the Standard Color Code.

The straight reducing connection core box
is actually a half dump box. Two half-cores are
formed by the box and are pasted together to
form the completed core. Select and dress stock
to the size of the box. Note in part F of figure
14-3, that the length of the taper includes the
drag core print. Using the measurements taken
from the layout, scribe the outline of the core
and small core print onto the parting face of the
solid stock. Scribe the outline of the ends of the
core on the ends of the stock. Cut a series of
saw kerfs to the small end of the scribed circle.
With a paring gouge cut out the rest of the
waste material in the box and check with a
straightedge to complete the tapered box cavity.
F: om the proper thickness of stock, lay out the
cope core print, cut out to an angle on the
handsaw and sand to the line on a spindle sander.
Secure the cope core print stock to the core box
and check the semicircular cavity as previously
described. Sand the box smooth and close the
ends of the box by attaching end pieces. Sand
the work and apply a coat of pattern covering
in accordance with the Standard Color Code.

EXPANSION JOINT PATTERNS
AND CORE BOXES

Metal pipe expands and contracts with
changes in temperature, lengthening when hot,
and contracting as it cools. For example, when
a 100-foot length of copper piping is reised in
temperature from 80° to 450°, its length in-
creases by almost 4 inches. If this same length
of pipe were secured in a system in such a way
that no expansion were possible, the stress
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developed by the rise in temperature would
readily rupture the pipe. To provide the neces-
sary expansion required due to heat and pressure,
specially designed expansion joints are used.
Bends, loops, and bellows are introduced into
piping systems to prevent the development of
leaks, and to absorb machinery vibration, bulk-
head and deck stresses, and sudden shock caused
by the firing of heavy guns. Special expansion
joints such as those shown in figure 14-4 are
"jumped into" a line that cannot be looped.
Because of their bellows construction, these
joints serve to absorb shock and strain. Convex
type joints are the kind moat widely used, but
a concave type joint is preferable for installati..n
in a short time.

Expansion joints in a number of sizes
availabie aboard ship, however, if some .itner-
gency arises which requires yot. to make such
a joint, you may follow the suggested method
indicated by figure 14-5. Part A of ague 14-5
illustrates a working drawing of a single-convex
bellows type expansion, joint; part B illustrates
the layout for the expansion joint; part C illus-
trates the core box layout; and part D illustrates
the faceplate turning of the center section of the
core box.

SINGLE CONVEX BELLOWS

MULTIPLE BELLOWS "OGEE" TYPE
TYPE

CONCAVE TYPE

( FOR CLOSE QUARTERS)

68.147
Figure 14-4. Expsinsior, joints.

..1=1.

The construction of a bellows type expansion
joint is similar to that of a pipe spool pattern.
The parting line of the pattern divides the body
of the pattern longitudinally into cope and drag
halves. However, the 1/8-inch wall thickness as
shown in part A of figure 14-5 indicates the
accuracy required in the turning of the pattern
and the construction of the core box. Note the
finish indicated on the working drawing and
added to the layout, in parts A and B of figure
14-5. In addition, there are no flanges. The
finished casting is machined where finish is
added, and either brazed or sweated into the
flanges.

Select and dress two rectangular pieces of
pattern stock of appropriate size for the con-
struction of the pattern. The two pieces of stock
are doweled and fastened together face-to-face
with screws, centered in the lathe for spindle
turning, and turned to the dimensions as indi-
cated by the layout. The center section of the
nattern, shown by lines X and X' in part B of
tigure 14-5, may be turned to shape with the aid
of a template. The use of a template will ensure
accuracy when turning the curved contour of the
bellows. Fair in all fillets carefully into the
body of the pattern. Before removing the turning
pattern from the lathe, sand the pattern and
apply a thin coat of pattern covering. Allow
covering to dry and sand it lightly. Remove the
work from the lathe and separate the halves of
the pattern. Cut and sand draft on the ends
of the core prints, matching the length of the
drag half of the layout. Apply pattern covering
in accordance with the Standard Color Code.

From the layout of the expansion joint (part
B of fig. 14-5), make a layout of the core box as
shown in part C of figure 14-5. Mount a false
faceplate on the lathe, face off and mark the
center while the faceplate is revolving. By
geometric construction establish a centerline
on the false faceplate. The material for the
center section X-X' of the core box is prepared
from two pieces of pattern stock. The two pieces
are planed parallel to the thickness of "X" and
jointed on one edge for matching to the centerline
Y-Y' on the false faceplate. Mount the pattern
stock on the false faceplate, matching the parting
surface (jointed edges) to the established center-
line on the false faceplate. Turn the circular
cavity, matching to a template as shown in part
D of figure 14-5. Sand the circular cavity
lightly and apply a thin coat of pattern covering.
Allow the coating to dry and sand it lightly.

Remove the turned center section of the core
box from the lathe and fasten the two pieces
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Chapter 14 FLANGED FITTINGS

face-to-face to form section X-X' as shown in
part C of figure 14-5. From material of appro-
priate thickness for the straight section of the
core box, lay out the semicircular cavity, cut
out, check for accuracy, and sand lightly. Refer-
ring to part B of figeee 14-5, the length of the
straight section of the core box (Z) is trans -
ferred to the straight core box etock. Cut the
core box to length, and secure in position. Sand
draft on each end and fasten end pieces to
complete the box. Reinforce the core box to
attaching plankwise stock to the bottom of the
box and attach vertical grain blocks to the out-
side corners. Sand the box and apply a coat of
pattern covering in accordance with the Standard
Color Code, or Tentative Standard Pattern Color
Code.

CURVED FLANGED PATTERNS
AND CO3E BOXES

Curved pipe patterns are essentially a length
of pipe bent or curved to a given angle. They
may be any angle of curve from a traight
connection to a 180-degree return bend. A flange
may be attached at one or both ends of the
curved section. The methods of construction
for both straight and curved pipe patterns are
somewhat similar, however, the manner of
fitting curved sections to straight parts may
vary from job to job. When deciding whether
to hand-carve or to turn the curved sections
of the component parts, various factors should
be considered, such as waste of stock, strength
of the pattern, and saving of time.

Basically, the rules governing the deter-
mining factors for hand carving or turning the
curved sections are as follows:

1. If the radius of the curved section is
large, and the degree of sector is small, the
curved section should be carved.

2. If the radius of the curved section is small,
and the degree of sector is large, the curved
section should be turned.

Since the differences between the two ex-
tremes are great, the manner of producing
these curved sections should be a matter a
good, sound patternmaking judgment.

PIPE ELBOW PATTERNS

Mitered construction, segmental construction,
hand carving, and lathe turning are the methods
used to produce curved pattern component parts.

These methods are described in the following
paragraphs.

A'though the 90° pipe elbow is used as a
sample pattern for curved sections of pipe,
the mei hods described in this section may be
used oa any pattern involving bends or screws.

Mitered Construction

Preparing the layout will help you to decide
upon the method of construction. Prepare a
working drawing showing the construction fea-
tures as illustrated in part A of figure 14-6.
Note that a.,..proximately 1/8-inch machine finish
is added to one face of each flange to allow
for the f2 finish required. The other side of
the flange will require approximately 1/32-inch
m.ichine finish allowance for the f9 spot face.
Core prints are made long enough to provide a
firm .,:eat for the curved core. The following
is a brief summary of the method of construction
to be used.

Because the elbow is less than 6 inches in
diameter, the pattern will be constructed of
solid stock, parted lengthwise at the parting
line into cope and drag halves. Note that each
half (cope and drag) of the pattern is made in
two parts which are glued together on a 45°
miter and reinforced by means of a spline.
Both parts may be turned in the lathe in one
turning operation. Turn up the recesses into
which the flanges will be inserted. Attach the
flanges to the main body. Fair the fillets smooth-
ly into the main body of the pattern. Remove
the work from the lathe and cut the stock in
half. This will give you two pieces of stock
for the cope and two for the drag half of the
pattern. Glue the two pieces of the drag ou a
45° miter and reinforce the joint with a spline.
Lay out the 90° curve on the parting surface
and hand-carve to the lines. This procedure is
merely one method of construction. Alternate
methods will be presented later.

With a clear understanding of the method
of construction to be used, you will be better
able to select your stock with a minimum of
waste. Because both parts of the main body oZ
the pattern are to be turned in only one lathe
turning operation, you will need two lengths of
stock approximately 2 1/4 inches thick by 4 1/2
inches wide by 18 inches long securely fastened
together face-to-face to form a rectangular
block. After completing the turning operation
and inserting and turning the flanges, cut the
stock in half, making two 9-inch lengths.
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C hapter 14 FLANGED Fl f TINGS.111!
The inserted flanges will be made from a

length of stock dressed to the sanr: thickness
as the width of the recess turned in the main
body. Lay out the four semicircular flange
sections (two for the cope half and two for
the drag half) as shown in part 13 of figure 14-6.

Center the rectangular block of stock in
the lathe. Turn up the diameter of the core
print (2 1/2 inches) at each end of the stock.
Next turn the recesses into which the flanges
will be inserted. Note that the recesses must
be made wide enough to include the 5/16-inch
fillet, and mast be deep enough (3/16 inch is
suggested) to provide a firm setting for the
flanges (part C of fig. 14-6).

Dress a suitable length of stock to a thick-
ness equal to the width of the turned recess.
Lay out, and on the bandsaw, cut the semi
circular flange sections. Note that the grain
of the wood in the flange stock runs transverse to
the grain of the wood in the main body. Remove
the work from the lathe, separate the cope
and drag halves, and glue the flange sections
in place. Reinforce the joint with one or two
screws. The heads of the screws are counter-
sunk and covered with wooden plugs. The
edges of the flange section are permitted to
project above the parting surface so that they
may be planed oerfectly true to this surface
after the glue has set. Fasten the two halvt.s
of the pattern together and remount the work
in the lathe. Turn up the flanges to the required
dimension, allowing approximately 0.02 inches
draft. Fair the fillet smoothly into the main
body of the pattern. This completes the lathe
operation, and leaves a rectangular block of
stock about 9 inches long, at the center of the
turned work from which the elbow will be
hand-carved.

Remove the work from the lathe. Separate
and mark the cope and drag halves so that
there will be no mismatching of parts. Scribe
the horizontal centerline on the parting surface
of each half of the pattern. Cut the stock in
half: this gives the two parts of the cope half
and the two parts of the drag half of the pattern.
Resume the construction with the drag half of
the pattern. Superimpose each part of the drag
on the layout board in order to establish the
location of the construction joint. Cut and fit
the second part of the drag to snatch perfectly
with the first part on a 45° miter. Glue together
the two parts of the drag half of the pattern.
Insert a spline to reinforce the glued joint.
Toenail the parts directly to the layout board to
prevent any shifting while the glue is setting.

Draw the two parts together with pinch dogs.
(See part D of fig. 14-6.)

Scribe the 90° arcs on the parting surface
of the rectangular block of stock. On the
bandsaw, cut along the arcs and sand to the
lines on the spindle sander. Rout the curved
elbow down to the required height on the
boring mill as shown in part E of figure 14-6.

Hand-carve the elbow with the aid of a
template. Be especially careful to carve a true
semicircle in order to avoid backdraft. Pre-
cision is of utmost importance because any
variations from a perfectly semicircular shape
in the pattern will affect the wall thicknes
of the finished casting. If the wall thickness is
not within the tolerance specified, the casting
will probably be rejected. Construct the cope
half of the pattern in the same manner and
ma'.ch it perfectly with the completed drag
half.

Sand the completed pattern until smooth.
Insert rapping plates in the parting surfaces.
Shellac the pattern in the Standard or Tentative
Standard Color Code. Add identification tape if
required.
Segmental Construction

The curved portion of the 90° elbow pattern
may also be shaped by using an entirely different
technique. One method involves turning plank-
wise stock into the shape of the doughnut. Still
another method, is the hand carved segment
method. Each method will be described in the
following paragraphs.

PLANKWISE TURNING METHOD. Select
plankwise stock (stock with the grain going in
only one direction) slightly thicker than half the
thickness of the finished pattern and large
enough to admit the outline of the curved sec-
tion. B tndsaw the outside diameter slightly
larger than required by the finished dimensions.
Mount the plankwise circular stock on a false
faceplate with the wood screws on the centerline
of the doughnut. Placing the screws on the
centerline will prevent the lathe operate from
turning into the screws when shaping the dough-
nut. True up the face of the plankwise stock to
one-half the thickness of the finished doughnut.
Scribe the inside and outside diameters of the
doughnut on the face of the plankwise stock.
Tarn the waste material from the scribed lines
straight (90°) into the wooden false faceplate.
Check the work with a combination square from
the face of the plankwise Ick or with inside
and outside calipers.
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Prepare a template of the half-round cross
section of the doughnut. Turn the doughnut to
shape. checking with the template, and leave
a small amount of stock for sanding. Before
removing the turned doughnut from the lathe,
establish the 90° qiadrant joint lines by using
a surface plate and a place gage. NOTE. The
quadrant joints should be in the correct position
on the plankwise turned doughnut (parts A Ind
B of fig. 14-7) to have the direction of the grain
in the curved part follow as nearly as possible
to a circle. Rem. ve the doughnut from the lese
faceplate; and bandsaw close to the scribed
lines. The bandsaw cut should be in the waste

portion of the doughnut. Sand square on a disk
sander, splitting the scribed lines. From this
point, the construction of the rema'nder of the
elbow pattern will be similar to the mitered
construction previously described. (See fig. 14-7.)

QUADRANT TURNING METHOD. In the
quadrant turning method, two 93° segments of
appropriate thickness (one-half the thickness of
the finished doughnut) are laid out with the grain
of the wood folio wing as close to a circle as
possible. The other two 93° segments may be of
scrap material. Cut the pattern stock close to
the line and sand the straight radial ends square

A

CONSTRUCTION JOINT

DOWEL HOLE

BANDSAW CUTS

68.150
Figure 14-7.-90° elbow pattern shov.ing construction features.
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on a disk sander. The four 90° segments are
matched to the vertical and horizontal center-
lines on the faee of the false faceplate. Use at
least three wood screws in each segment in
securing the pattern stock to the false faceplate.
Turn the pattern stock to the required doughnut
shape as previously described. Remove the four
900 doughnut quadrants from the false faceplate
and dispose of the two scrap segments. From
this point, the construction of the elbow pattern
has been previously described.

HAND CARVING METHOD. In the previous
paragraphs, the curved section of the pattern
was formed by turning on the lathe and using
parts of the doughnut for additions to the main
body of the pattern. However, there are several
reasons why this method is not always practical
and sometimes is impossible. For instance,
the lathe in the shop may be inoperative or it
is possible that the carved section would not be
a true radius, such as a reducing bend. A
reducing bend (covered later in this cnapter)
is similar to an elbow with the exception that
the diameter of one end is larger than the
diameter of the other. end.

For the hand carving method, only two 90°
segments are used (one cope and one drag),
matched to the pattern and hand-carved with
the aid of a template.

From the layout, determine where the con-
struction joints will be. The flanged end sections
of the pattern are cut and toenailed to the layout
board so that the joints axe properly aligned
with the construction line. With the grain of the
wood following the direction of a circle, fit a
block of the proper thickness between and to
the two flanges. This block is the segment which
is to be hand-carved.

Using ivlders, scribe the centerline on the
segment block. Also scribe the inside and out-
side diameters of the curve. Remo e the block,
handsaw close to the line and sand, splitting
the line, on a disk sander and spindle sander.
Make sure the sanded surfaces are square with
the parting of the block.

On the straight radial ends scribe semi-
circular lines representing the diameter of
the end. Scribe 45° lines extending from the
top surface of the block to the curved sides,
tangent to the semicircular lines on the radial
ends. Scribe additional diameter lines on the
top surface as guidelines for roughing out the
45° chamfer on the edges of the segment. This
chamfer will establish five definite reference
points for hand carving. Chamfer the top corners
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of the segment to the 45° lines scribed on the
ends, using the additional diameter lines as
gales.

With the aid of a semicircular shaped
template used on a radial line from the center
point of the curved section, hand-carve the
segment block. Glue the carved segment block
to the flanges previously toenailed to the layout
board.

When the glue has dried, match and secure
the cope flanges to the drag half of the pattern
and insert the cope half of the segment block.
Repeat the procedure for hand carving of the
curved section and glue in position. When the
work is assembled and the glue has dried,
fair any differences in diameters by paring
and sanding.

PIPE ELBOW CORE BOX

The half-box method of constructing the
core box for a 90° elbow pattern is the fastest
but not necessarily the most accurate method
of construction. However, you will find it a
very useful construction technique because of
the urgency of much of the pattern work re-
quired on repair ships and tenders.

Pick up the measurements from the pattern
layout. Select and prepare the stock for con-
struction. Plan the construction so that the mcst
difficult part of the job, that is, the curved
portion of the elbow, can be turned on a face-
plate in the lathe. Use a template of the form
shown in part A of figure 14-8 for greater

Figure 14-8.-90° elbow core box.
68.151
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accuracy in turning the desired senVcire
eavity. The core prints can be hand-carved in
one lone piece aid afterward cut to the required
lengths. The component parts are then glued
and screwed to a backing board to give the core MARKER

box strength and rigidity. The end pieces are
aided to the core prints to retain the core sand
within the core box during the ramming
procedure. Part 13 of figure 14-8 shows the
completed half-box.

To overcome the disadvantages of the half-
box method of construction, it is suggested
that you build the :ore box in the more
conventional ma finer, n. ing parted half or cope
and drag sections. The ends of the cope and drag
halves of the core box must be closed in order
to retain the core sand within the box during
the ra-nm;ng procedure. It is also recommended
that you modify the parted half construction A

method by adding markers to the core prints.
A MARKER is a shape which is added to the
core prints to ensure a correct setting of the
core in the mold. In order to give you a better
a7preciation of the value of markers, let us
first consider what effect a core made WITHOUT
markers would have on the poured casting of
a 90° elbow. One of the difficulties of using a
core for a 90° elbow made in the conventional
manner, without markers, is to keep the core
from shifting position in the mold while the
molten metal is being poured. One of two things
may happen during the pouring procedure to
change the position of the core in the 1113 id.
If the curved core sags in the middle, it will
result in the lower side of the casting being
too thin. If the core floats on the molten metal,
it will resulL in the upper side of the casting
being too thin. In either case, the resulting wall
thickness of the casting will not be uniform.

One way of solving this problem is to make
the core prints extra long in relation to their - MARKER - -- --
diameters so that enough bearing surface is
provided to seat and to balance the core firmly
in the mold. For certain pattern jos it may -A"Drag Half of Core Box.
not be practical to Increase the length of the "B"Cope and Drag Pattern Halves.
core prints to the extent required to seat the
core properly. In such cases, the Patternmaker
may use MARKERS. The process of molding
a marker as an integral part of the core is
sometimes referred to as "registering a core." 68.152
The marker not only helps the Molder to seat Figure 14-9.A 90° elbow pattern and core box
the core but it also eliminates the possibility with markers.
of ?lacing the core in the mold in any other
position than the correct one. The marker is
usually built into the drag half of the core box.
See part A of figure 14-9.

- ,
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When you are planning to use markers to
help register the core, you must include the
specific shape of the markers on the layout
prior to the construction of the pattern. This
procedure ensures accuracy in the location of
the markers and also red.ices the possibility
of forgetting to add the markers to the drag
half of the pattern at the time of construction.
Part B of figure 14-9 illustrates markers built
on the core prints of the drag half of a 90°
elbow pattern.

When a large number of 90° elbow castings
are required, you can save a considerable
anv..unt of time by constructing a double elbow
pattern and core box. See part A of figure
14-10 which illustrates the construction features
of a doubte elbow pattern. Note that double
construction is not quite the same as building
two complete and separate patterns and core
boxes, and yet it enables the Molder to make
two castings at a time in one mold.

First, cut the semicircular flanges on the
bandsaw. Then turn up a doughnut-shaped ring
to form the curved portion of the double elbow
pattern. Select your stock in gluing up the
required course of segments so that short
grain is eliminated. In the lathe, turn the core
prints and connecting tenons in one piece, as
shown in part B of figure 14-10. Note that
shoulders are turned to provide a firm seat
against which the inserted flanges will butt.
Remove the work from the lathe and cut along
the lines shown in part B of figure 14-10.
Separate the cope and drag half-sections. As-
semble the component parts of the drag as
follows: Glue the flanges to the core prints
and reinforce the joints with wood screws.
Cut the doughntd-shaped rin: into quarters
to form the curved portions of the elbow
pattern. Carefully bore into the ends of the
quartered sections to receive the connecting
tenons on the core prints. Use the layout scribed
on the layout board as an aid in aligning the
component parts of the drag half of the pattern.
Hold the parts in place by nailing small blocks
of wood at strategic points on the layout board.
Fasten the component parts together with glue
and reinforce the joints with wood screws. Make
sure that the parts have not shifted position
during the gluing procedure. Run in leathers
fillets to fair the junction between the flanges
and the curved parts of the double elbow pat-
tern. Sand and shellac the completed pattern.
Add identification tape.

A

CUT
HERE

CUT
HERE

CUT
HERE

B

SHORT SHORT
GRAIN GRAIN

CUT
HERE

C

CORE PRINT
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Certain emergency situations will come up
from time `o time when the urgent need for
a pattern will prevent yoa from taking the
additional time required to use the inserted
flange method of construction. For these rush
jobs, you may tura the core prints, tenons,
and flanges in one operation on the lathe. See
part C of figure 14-10. The main objection to
this method of construction is that there will
be short grain in the flanges. The overall
diameter and thickness of the flanges of the
specific job will determine whether or not the
flanges should be turned in the lathe. The
greater the portion of the flange projecting
above the main body of the pattern, the easier
it is for the flanges to be veidentally broken
off in the matting procedures. Thus, while you
may have saved sonic time in building the
pattern, you may find that the resulting pattern
is not sturdy enough to hold up during the
molding procedure. There are no set rules to
help you make the right decision. You will have
to rely on your own experience or on the
experience of the senior Patternmaker in the
shop.

The core box for the double elbow pattern
is constructed in the same manner as the core
box for the single elbow pattern. Turn the
curved portions of the elbow on a faceplate
on the lathe. Hand-carve the core print out
of one long piece of stock and afterward cut
it to the required lengths. Glue and screw
the comdonent parts to a backing board to
give the ;ore box strength alci rigidity. Add end
pieces to the core prints to retain the core
sand within the core box during the ramming
procedure. See part D of figure 14-10.

RETURN WEND PATTERNS

In making a pattern for a return bend, nearly
all of the work may be done on the lathe.
Compare the mass production method for an
elbow pattern to the method used in the return
bend. (See figs. 14-10 and 14-11.) Note the
slight difference in the manner of construction.

Part A of figure 14-11 illustrates the layout
for a return bend and a possible method for two
patterns: part B illustrates the turning of the
doughnut for the pattern: part C illustrates
the flange and core print setup: part D illus-
trates the drag half of the pattern built up
on the layout board: part E illustrates the cope
half matched to the drag half of the pattern;

part 1 illustrates the core box turning; and
part G illustrates the core box setup.

From the layout of the return bend (part
A of fig. 14-11), select stock of appropriate
size for the body of the pattern. The stock for
the body is prepared from two pieces of pattern
m.terial slightly thicker than one-half the thick-
ness of the finished pattern. The jointed edges
are placed together, matched to the centerline
of the false faceplate and secured .!.or turning.
Faee off and turn the doughnut body to size
anu shade checking with a template (part B

fig. 14-11). Select stock of appropriate size
for the two core prints. The core prints axe
made of two pieces of stock, mounted in the lathe
for spindle turning, turned to size and sanded.
Prepare the flanges 0 and P and Seel '..e to the
parted halves of the core prints as shown in
parts C and D of figure 14-11.

Match the attached flanges and prints
to the layout board and set one half of !urned
doughnut in place (part D of fig. 14- Glue
and secure all drag parts in positien. After
the glue has dried, build up the cope 1.3if of the
pattern on the drag half as shown part E of
figure 14-11. Reinforce the construction joints
with a dovetail and apply a coat of pattern
covering.

The core box stock for the 180° curve of
the return bend is made by matching, mounting,
and turning the pattern stock as shown in part
F of figure 14-11. A ft..*ature of good pattern
practice is to have the grain in the wood on
the pattern follow the sane direction as in the
core box. This in effect will help to prevent any
misalignment between the pattern and the core
box by the st' esses and strains of the wood due
to the swelling and shrinking of the wood cells.

The straight portions of the core box are
made of one piece of stock, laid out as shown
in part G of figure 14-11. The stock is roughed
out with a series of kerf cuts and with the aid
of a core box plane or gouges, trued to size.
The two pieces of core box stock are glued
together and secured to a bottom piece for added
strength. When the straight portion of the core
box has been cut to length and sanded with the
appropriate draft, end pieces are secured to the
ends. Finally, sand and apply pattern coating
in accordance with the appropriate color code.

REDUCING ELBOW
PATTERN

Laying out ,a reducing elbow pattern is
practical experience in the use of the concentric

382



Chapter 14 FLANGED FIT PINGS

circle method of drawing an ellipse. Figure
14-12 -shows a reducing elbow, size 2 1/2 inches
reduced to 1 1/4 inches. It is necessary to
show only one quadrant on the layout because
that is all you need to build the palern. The
outer curve of t-e eltivt is referred :o as
the HEEL: the inner curve is referred to as the
THROAT. The throat and creel portions of the
elbow represent quarter (90') segments of an
ellipse and are developed from the major and
Minor axes shown in past A of figure 14-12.
Note that 1/8-inch machine finish is added to
one faee of each flange to allow for the f2 finish
required. The other side of the flange will
require 1/32-inch machine finish allowance for
the fg spot face. Cove prints are made long
enough to provide a firm seat for the curved
core.

The method of constructing, the reducing
elbow pattern varies only slightly from the
method of constructing the 90' elbow pattern.
However, to illustrate the comparison of a
straight taper used on a straight reducing con-
nection and the tapered curve of a reducing
bend, it is necessary to use the station line
and station point method of layout and hand
carving. (See part B of fig. 14-12.)

In the construction of the reuucing bend,
the parting line parts the pattern lengthwise
into cope and dr ig halves. Each half is made
up of three parts, glued together and rein-
forced with screws and a dovetail- shaped key.

corn prints and recesses for inserting the
flanges are turned on the lathe, separated into
halves, cut, sanded, and matched to the layout.

Select stock of the thickness of the large end
of the tapered curved segment. The grain in

111141!.11111=.

the wood should run as close as possible to a
circle. Lay out the throat and heel outlines
for the carved segment of the elbow. Cut close
to the line of the throat and heel outline and
sand square (90° to the parting surface) on a
spindle sander and a disk sander. Transfer
the station lines from the layout to the curved
pattern stock. Part C of figure 14-12 illustrates
the station lines and their varying diameters.
At each station line, establish thickness points
at that section of the bend. Fair the top surface
between the station lines to a flat curved taper.
This will establish the correct taper for the
curved segment.

As previously mentioned under hand carving
of the elbow pattern, knock off the corners
(triangular strip shown as Y in part C of fig.
14-12) to establish additional reference points
on each station line. With the aid of a series
of templates (station templates 1, 2, 3, 4, and

as shown in part C of fig. 14-12), hand-carve
the bend. Fit to the flanges that are matched
to the layout, (Part D of fig. 14-12). Fair any
irregularities between the bend and the flanges.
The cope half is built up on the drag half as
previously described foe the elbow pattern. The
pattern is sanded and finished in the usual
manner. (See part E of fig. 14-12.)

The core box is constructed in the same
manner as the pattern, that is, hand carving
the 90° segment for the bend, and then final
assembly. The 90° carved portiorl of the core
box may be roughed out by drilling a series
of holes with a Forstner bit along the curved
centerline and finished by hand carving using
station templates at the various station lines.

Figures 10-11 and 10-12 are full page
illustrations. The discussion on Branch Pipe
Patterns and Core Boxes begins on page 38g.
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Figure 14-12.-900 reducing bend pattern.
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68.155.2
Figure 14-12.-90° reducing bend patternContinued.
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BRANCH PIPE PATTERNS
AND CORE BOXES

The patterns for branch pipe fittings have
many features in common with the previously
described pipe fittings. However, the main dif-
ference in the manner of construction lies in
the forming of the j grit between the main body
of the pattern and the branch piece.

Figure 14-13 illustrates the variations of
design of branch pipe fittings. These fittings
may be in the form of a Tee-fitting or a double-
Tee (cross) fitting. Others may be of the lateral
design sue% as the 30° Y and 45° Y oranc.h
fitting or the double-Y branch fitting.

When the main body and a single branch
are at right angles to each other (part A of
fig. 14-13), the fitting is called a TEE. When
two branches are opposite each other and at
right angles ;o the main body (part B of fig.
14-13) the fitting is called a DOUBLE-TEE or
CROSS fitting. When the main body and a single
branch are at an angle other than 90° (see parts
C and D of fig. 14-13), the fitting is called a
"Y"-fitting or a SINGLE LATERAL connection.
When the main boxy has two branches opposite
to each other and at an angle other than 90°
(part E of figure 14-13), the fitting is called a
DOUBLE-Y LA rEtikt. connection.

PART A TEECONNECTiON

PART C 30° Y LATERAL
CONNECTION

TEE-CONNECTION PATTERNS
AND CORE BOXES

Select pattern ma!erial of appropriate size
for the main body and the branch piece. The
stock is fastened together face-to-face with
countersunk screws, centered in the lathe for
spindle turning, and turned to shape as in-
dicated by the layout. The flanges are secured
to the pattern by the inserted flange method.
The main body (X in part 3 of fig. 14-14)
will have a core print on each end. The branch
piece (Y in pi B of fig. 14-1 t) will have a
core print only o he flanged end.

Remove the stAck from the lathe and scribe
centerlines on the turned pattern stock for
transferring the 90° mitered joint from the
layout to the maLl body and the branch piece.
From the layout (part A of. fig. 14-14), determine
the length of the centerline for the h3.ach
piece. Transfer this length to the branch piece
longitudinal centerline. Lay out the 90° mitered
joint on the parting surface of the branch piece.
Cut close to the line and sand square to the
parting surface (Y in part C of fig. 14-14). A
90° corresponding notch is cut into the main
body of the pattern (X in part C of fig. 14-14).
Match and toenail the main body of the pattern
to the layout board. Glue and brad the branch

PART B CROSS CONNECTION

PART 0 4$ ° Y LATERAL

CONNECTION
PART E 30° DOUBLE- Y

CONNECTION

68.166
Figure 14-13. Branch pipe connections.

388



Chapter 14 FLANGED FITTINGS

B

MAIN BODY AND BRANCH PIECE

A

LAYOUT OF A TEE-CONNECTION

...I1. 61,

X

Y

C
MITERED JOINT BETWEEN THE MAIN
BODY AND THE BRANCH PIECE

Figure 14-14. Tee-connection pattern.
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piece in position. Adler tl'e glue has dried,
remove from the layout board and construct
the cope half of the pattern directly upon the
drag half. Reinforce the 90° mitered joint with
a dovetail, sand and finish the pattern in the
usual manner.

The core box for the tee-connection is con-
structed in the half-box manner except the
side opening for the branch piece has a mitered
joint the same as the pattern. After joining the
main body core cavity and branch piece cavity,
fair the fillet along the mitered joint on the
inside of the box. Secure the assembled box to
a bottom piece for extra strength, cut the core
prints to length, sand the appropriate draft
and attach end pieces. Sand and finish the core
box in the usual manner.

CROSS CONNECTION TTERNS
AND CORE BOXES

As previously mentioned, a cross connec-
tion pipe fitting is one in which the two branches
are opposite each other and at right angles to
the main body (part B of fig. 14-13 and part
A of fig. 14-15). The main body of the pattern
and the two branch pieces are turned on the
lathe as described for the Tee-connection. The
centerlines are transferred to the main body and
the centerlines and length transferred to the
two branches as though the joint were to be a
mitered joint. However, the entered joint con-
struction method weakens the main body of the
pattern considerably by cuttie; halfway through
to form the notch for the mitered joint. In
addition, if at a later date, it is desired to
change the location or diameter of the branch
piece, it would be necessary to make a new
pattern for the main body. Therefore, the sur-
face development (wraparound) method is used.
(Refer to chapter 8, "Surface Development.")
Part B of figure 14-15 illustrates the comparison
of the mitered joint to the wraparound or surface
developed joint. The wrap-around method is
presented to illustrate the use of templates for
the forming of the joint between curved members
of the pattern.

The layout of the developed cave on the
branch piece (layout paper) is aligned to and
wrapped around the branch piece and scribed
with a layout knife. Cut the scribed curve to
the line and hand fit to the main body. Match
and toenail the main body of the pattern to the
layout board, attach the two branches by gluing
and bradding in the oper position (part C
of fig. 14-15). As an aid in securing the branches

to the main body, apply glue and clamp the
pattern to the layout board. To further strength-
en the developed joint, a dovetail piece is in-
serted flush with the parting surface of the
pattern. Construct the cope half of the pattern
directly upon the assembled drag half. Sand
and finish the pattern in the usual manner.

The half core box consists almost entirely
of straight work. The main body and the two
branch pieces of pattern stock may be roughed
out by removing the larger mrt of the waste
stock for the semicircular cavity with circular
saw kerfs and finishing with a core box plane
or gouges. The two side openings for the
branch can be formed by placing the branch
boxes against the side surface of the main
body box. Transfer the lines across the main
body box and remove the waste stock with
gouges. Fair in the fillet between the main body
core and the side opening. The ends of the box
are provided with draft as usual, and the
completed box may be strengthened by fastening
to a bottom board.

LATERAL CONNECTION PATTERNS
AND CORE BOXES

Lateral connections are the fittings which
have the main body and the branch or branches
set at an angle other than 900. These fittings
may be in the form of a 30 ° -Y fitting, a 450-Y
fitting or a double-Y fitting. (See parts C, D,
and E of fig. 14-13.) As previously discussed,
it was shown that the mitered joint weakens
the pattern by the cutting of a notch in the main
body. To overcome this weakening of the pattern,
the surface developed method may be used.
However, there may be an instance where time
is essential, and the surface developed method
may be time consuming. Therefore, a quicker
way of fitting these members is necessary. The
quicker method is called the TEMPLATE BOARD
method. The template board is merely a spe-
cially constructed jig or device used to expedite
the cutting of the correct shape for mating
component pattern parts.

Figure 14-16 illustrates a 45°-Y fitting that
will be used for this discussion. However, any
one of the branch fittings may be easily con-
structed by this method. Part A of figure 14-16
illustrates the jig arrangement; and parts B and
C illustrate the cutting of the matching curve.
The jig arrangement for the template board
(part A of fig. 14-16) is constructed and used
as described in the following paragraphs.

90
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2.

B

MITERED JOINT METHOD AND
WRAP-AROUND METHOD

BRANCH PIECE

A

LAYOUT OF A CROSS-TFE CONNECTION

MAIN BODY

BRANCH PIECE

.
0

BRANCH ADDED TO MAIN BODY

Figure 14-15. Cross-Tee connection pattern.
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A
CONSTRUCTION OF A

TEMPLATE BOARD

TEMPLATE
BOARD

(R)

BANDSAW BLADE

11014111t

VERTICAL
SUPPORT

(0)

BASE
(P)

MAIN BODY

TEMPLATE
BOARD

(R)

1/

/
B

CUTTING BRANCH PIECE

BRANCH PIECE

--I

VERTICAL SUPPORT
(0)

MAIN BODY OF
THE PATTERN

MAIN BODY

TEMPI ATE
BOARD

(R)

I BASE
(F)

C
CUTTING OPPOSITE BRANCH PIECE

Figure 14-16. Wraparound method of joining component parts.
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A vertical piece (0) is fastened to a heavy
base (P). (The bas' and the vertical piece
MUST be at a 90° angle to each other.) A
template board (R) is secured to the vertical
side piece (0) in a position parallel to the
base (P). Between the template board (R) and
the base (P) sufficient distance should be
allowed to secure the branch pattern at the
correct angle for the matching curved cut. If
required, additional side supports may be added.

To use the template board arrangenrnt,
the branch pattern is located on the vertical
piece (0) at the same a igle that the branch,is
to make with the main body. The templat$ otir0
is scribed with a quarter circle having the
radius equal to the radius of the main body.
(See part A of fig. 14-16.) The scribed circle
represents the true position of the main body
of the pattern. The jig is then rotated so that
the handsaw blade will follow the quarter circle
scribed on the template board. The saw blade
will cut a section out of the branch pattern,
leaving the correct shape to fit the main body.
The opposite half of the branch pattern is cut in
the same manner, but in the reverse position

using the same two template boards as shown
in part B and C of fig. 14-16.

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 15.

HEADING Permanent or temporary heads over
which lags or staves are laid.

HUBA projection which is round or otherwise
and is usually the center of some rotary move-
ment.

SPIDER An open web whose members radiate
from the center like the spokes of a wheel.

STITCHING A method of securing butt joints
by alternate tongues and grooves; each is the
thickness of a saw cut.

WE B A plate or thin member lying between
heavier members.
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CHAPTER 15

SEGMENTAL. AND STAVED PATTERNS
AND CORE BOXES

Any pattern of a circular nature built up
on layers or rows (courses) of pattern material
is known as a segmentally constructed pattern.
Segmental construction consists of using seg-
ments and/or sectors glued one upon another,
to build up stock to the desired height, for
any curved shape such as rings, ribs, or any
other pattern member requiring strength or
rigid construction.

There is no fixed rule as to the number of
courses to be used for a given job. The number
will largely depend upon the durability require-
ments of the pattern, the thickness of the
available lumber, and how it corresponds to the
total thickness of the job. Since wood shrinkage
generally occurs across the grain, resulting in
an elliptical form instead of a circular form,
circular patterns are generally built up in
segment form.

By using at least three courses of segments
in m iltiple-course construction, the opposing
stresses and strains, generated by the shrinking
and swelling of the wood cells, are effectively
equalized, thus minimizing distortion. There-
fore, single-course segmental construction
should not be used. However, single-course
segmental construction is sometimes used in
making patterns for thin sections such aswheels,
sheaves, ribs, or pipe flanges if they are
properly splined or stitched (reinforced).

The advantages of segmental construction are
that it:

I. Provides greater pattern strength.
2. Reduces end grain.
3. Provides greater dimensional stability.
4. Produces greater staying qualities.
5. Saves material.

To understand the terms segment and sector,
see parts A, B, and C of figure15-1 and compare
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the following definitions: A GEOMETRIC SEG-
MENT is a portion of a circle bounded by an
arc of that circle and a chord. In patternmaking,
a SEGMENT is that part of a circular shape
bounded by two arcs or concentric circles and
common radial lines. A SECTOR is a figure
bounded by two radii and the included arc of
a circle, ellipse, or other central curve.

This chapter deals primarily with segmental
and staved construction. However, additional
information regarding a standard billet system,
wheel patterns, bell-shaped patterns, a simple
impeller pattern, and the fitting of bosses to
curved or oblique surfaces is included because
of its close relationship to turned segmental
construction.

SEGMENTAL DIVISIONS

A circle may be divided into any number
of equal segments. However, the most con-
venient procedure is to use six segments per
course, for the simple reason that the longest
chord of each of the six segments is exactly
equal to the radius of its circle. The central
angle of each of the six segments is exactly
60°. This is found by dividing the total number
of degrees in a circle (360°) by the number of
segments to be used. Using these facts simplifies
the procedure of laying out and cutting segments
to approximate size. Similarly, the amount of
subsequent turning in the lathe is reduced.

The number of segments to be employed in
any course is controlled by the diameter of
the course, while the thickness is controlled
by the available material. Small work that is
turned only on the outside may have four
segments to a course. If the piece is to be
turned on the inside, six segments to a course
is the least number that should be used, to
eliminate end grain at the Joints.
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A

GEOMETRIC SEGMENT

B

PATTERNMAKER'S
SEGMENT

Figure 15-1.- Comparison of a segment and a sector.

In determining the number of segments or
sectors per course, a general rule to follow is:

1. For diameters up to 8 inches, use four
or six segments.

2. For diameters from 9 inches to 14 inches,
use six to eight segments.

3. For diameters from 14 inches to 24 inches,
use 8 to 12 segments.

4. For diameters over 24 inches use 12 or
more segments.

Segments may be laid out by a trial and
error procedure, that is, by stepping off the
dividers as many times as necessary until
t`.7., circumference of the circle is divided into
an equal number of parts. The most accurate
way of calculaing the number of segment
divisions of a circle is by using trigonometry,
that branch of mathematics which deals with
the relationships between the sides and angles
of triangles. Although there may be other
procedures, the two mathematical methods that
are most commonly used are the sine method
and the tangent method.

THE SINE METHOD

Table 15-1 is given as a ready reference
for determining the chords of segments. To
obtain the length of a chord, multiply the
diameter of the circle by the factor listed
opposite the number of segments required.

C

SEC TOR

68.160

Table 15-1.- Chords of Segments or Sectors

Number of
segments Factor

3
4
5
6
7
8
9
10
11
12
13

0.8660 f

.7071

.5877
.5000
.4338
.3826
.3420
.3090
.2817
.2588
.2393

Number of
segments Factor

14 0.2225
15 .2079
16 .1950
17 .1837
18 .1736
19 .1646
20 .1564
21 .1490
22 .1423
2:1 .1361
ke* .1:405

68.186

Table 15-1 is based on circles having a
diameter equal to 1 inch. For circles of other
diameters multiply the factor by the diameter
of the circle. For example, if eight segments
are used to make a circular course 11 inches
in diameter, the chord length of each segment
is found by multiplying the factor 0.3826 by
11. Thus the chord length is 4.21 inches.

THE TANGENT METHOD

Some patternrnakers prefer the tangent
method of dividing circles, which involves the
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use of tables of natural trigonometric functions.
To illustrate this method, we shall present the
procedure for dividing a circle with a diameter
of 6 inches into nine equal segments. (See fig.
15-2.)

The steps in the procedure are as follows:

1. Scribe horizontal and vertical centerlines
intersecting at point X.

2. Scribe a circle from center X using
dividers set to a radius of 3 inches.

3. Erect tangent AB perpendicular to line
AX.

4. Because nine segments are required,
divide 360° by 9. In this way the central angle
AXI3 is found to be 40°.

It may seem that the whole problem is
solved just because you have found that the
central angle is 40°. You are probably wondering
why you cannot adjust and set a bevel gage
or protractor to 40° and transfer the measure-
ment directly to the layout. This is NOT
recommended because it is almost impossible
to adjust a bevel gage or protractor (using the
naked eye) to any given angle with sufficient

VERTICAL

c

23.68
Figure 15-2.-- The tangent method of laying out

the central angle and segment divisions
(chords) of a circle.

accuracy for precision patternmaking. For max-
imum accuracy of work, it is recommended
that the angle be calculated and laid out using
trigonometry.

5. Calculate the length of AB using the
following formula: The tangent of angle AXB
is equal to the length of the opposite side,
AB, divided by the length of the adjacent side
AX. Substituting terms and solving the equation,
we find that AB is equal to the tangent of 40°
multiplied by the radius of the circle. You will
find by consulting a table of natural trigonometric
functions, that the tangent of 40° is 0.83910.
Multiplying 0.83910 by 3 inches, the radius,
will give the length of AB as 2.51730. The
computations may be summarized as follows:

Tangent of Angle AX B = AB
AX

Tangent of 40° = AB
3 inches

AB = (tan 40°) (3)

AB = (0,83910) (3)

AB = 2.51730

6. Interconnect points B and X to obtain
the central angle AXB.

7. Line AC is the chord of the segment.
Adjust the dividers to this length and step
off the nine equal segments on the circumference
of the circle.

JOINING SEGMENTS
IN A COURSE

There are three methods of joining segments,
as shown in figure 15-3. In multiple-course
segment construction the standard practice is
to use staggered joints as shown in part A of
figure 15-3. Note that the segmelit joints of one
course are placed halfway between the joints
of the course immediately above and below.
The splined joint is used in single-course
segment patterns. Note that the spline is cut
with the grain running in the same direction as
the grain of the segments. This ensures maximum
strength. Shaping the segment as shown in part
B of figure 15-3 facilitates the gluing procedure
without defacing the surface of the pattern.
Drive the pinch dogs into the waste stock in
order to draw the joint surfaces tmether during
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68.161X
Figure 15-3. Methods of joining segments.

the gluing operation. Saw off the projections
after the glue has dried.

The stitched joint (part C of fig. 15-3) is
used in constructing dome-shaped patterns or
shapes that curve rapidly away from the
perpendicular; if this type of pattern were made
of plain segments la shown in part A of figure
15-3 the exposed glued course joint would be
long and thin (feathered). The feathered edge
would tend to curl or peel away from the pattern
due to the moisture penetrating back into the
wood cells.

Slash-cut boards make better segments
because the grain follows the outline of the
segments. This permits the turning of a smoother
job in the lathe.

Segment patterns which are to be turned
on the lathe are built directly on a false faceplate
that has been trued for the purpose. For
safety, secure the glued segment pattern to the
false faceplate with wood screws before turning 68.162
the work on the lathe. Figure 15-4.A casting of a cylindrical bushing.

A TYPICAL SEGMENT
PATTERN

For instruction purposes, a detailed de-
scription is presented for the construction of the
segment pattern used in casting Mb bushing
shown in figure 15-4.

1. Prepare the layout using measurements
taken directly from the worn bushing, or from
the blueprint if it is available. (See fig. 15-5.)
Use the appropriate shrink rule for the metal
to be cast. Since this bushing will be finished
all over (FAO), an extra 1/8 inch must be
allowed for finishing. The completed pattern
will therefore be 5 inches high, with an inside
diameter (ID) of 5 3/4 inches and an outside
diameter (OD) of 10 1/4 inches.

2. Calculate the number of courses required
for the job. The height of the pattern will be
5 inches. If using 1 1/8-inch stock dressed
down to 1 inch, you will need five courses of
segments.

3. Use six segments for each course, Lay
out and construct the template for the individual
segments (fig. 15-6). Note that the diameter
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of each course is the same, therefore all the
segments will be exactly alike. Add 1/8-inch
machine finish allowance and additional waste
stock to the layout of the template. Since each
mating edge of the segrne.nt is cut at a 30° angle,

an. row. the total angle of the segment is 60° at the center
of the circle. Cut out the template on the handsaw.

4. Stack the dressed stock and mark the
outlines of the template on the top board as
shown in figure 15-7. This saves time by per-
mitting you to cut out all the segments in one
operation.

f 5. Glue the first course of segments on
the layout board, or directly on the faceplate.
Glue the succeeding courses, making sure to
stagger the joint seams of the segments. After
the glue has dried remove the work from the

F layout board and true up the bottom course
of segments by taking a few light cuts with a
plane.

6. Attach the glued segment pattern to a
faceplate for lathe turning. Be sure to center
the work properly. In the process of building
up five courses of segments, the glued joints
between courses will increase the height of the

68.163 pattern slightly. Recheck the height using a depth
Figure 15-5. Layout of the cylindrical pattern. gage. Take a light cut across the face of the

work to bring the height of the pattern back
to the correct dimension and to true up the top
surface of the pattern.

7. Turn the inside diameter of the pattern,
including draft. Adjust the tool bit and the
carriage of the lathe to out the proper draft.

8. Turn the outside diameter of the pattern
'ncluding draft.

9. While the work is in the lathe, sand it
smooth and apply the first coat of shellac.

68.164
Figure 15-6. Construction features of the tem-

plate.
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10. Finish the p-ttern while it is still in
the lathe. Remove the work from the lathe. Plug
the holes left by the faceplate screws. Sand
the bottom face smooth; shellac, and add rapping
plates if necessary. Recheck the completed
pattern against the layout and add identification
tape.

In some cylindrical or conical-shape jobs,
it may be necessary to build up a riser head
as an integral part of the pattern. This technique
saves molding time and helps to promote direc-
tional solidification of the molten metal. Figure
15-8 shows a riser head constructed as part
of the cylindrical pattern. Note that the method
of off-setting courses for conical sections is
used. This is essentially the same method of
construction used in bell-shaped patterns.

BILLET PATTERNS

Commercial billets of a standard size are
cast by the centrifugal casting process. How-
ever due to the limited space and equipment

68.166
Figure 15-8. Segment pattern including riser

head, dragside up.

aboard a repair ship or tender, billets cannot
be centrifugally cast, they are sand cast. Usually,
billets are cast vertically but they may be cast
horizontally. Billets are used in the machine
shop for the manufacture of bearings, cylinder
liners, pistons, piston rings, and special cylinder
barrels. The patterns needed for casting billets
may be one-piece (solid or parted), stave-
constructed, or segmentally constructed (ring
patterns).

Cast billets of various sizes are needed
in the machine shop from time to time. Usually
the supervisor of the foundry (ML1 or MLC)
will check with the supervisor of the machine
shop (MRC) to see what sizes are needed so
that the foundry can keep ahead of the machine
shop's immediate needs in supplying cast billets.
Since the various sizes needed are numerous,
instead of constructing billet patterns of a
particular size and length only when needed,
a series or a set of patterns are constructed
in standard lengths and diameters. Therefore,
a complete set of billet patterns (Standard Billet
System) are on hand at all times, saving time
in the pattern shop and foundry which in turn
will save time in the machine shop to complete
a job order.

A set of billet patters may consist of the
following (this list is intended merely as a
guide):

1. One series constructed for vertical mold-
ing with interchangeable core prints.

2. One series constructed for horizontal
molding.

3. One series of ring type patterns con-
structed for vertical molding.

Billet patterns are constructed in a set
or series ranging from 2-inch to 18-inch
outside diameter with standard lengths of 6,
9, 12, 16 or 18 inches. The patterns are made
in 1/2-inch diameter increments, while the
core boxes are made in 1/4-inch increments,
Interchangeable cope and drag prints are used
in conjunction with the set of patterns, making
it possible to cast billets of the same outside
diameter but of different inside diameters.

In the manufacture of a set of billet patterns
to be molded VERTICALLY, it is suggested
that the following methods of construction be
used:

1. Up to 5 inches in diameter, use solid
construction.
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2. From 5 inches to 8 or 10 inches in
diameter, use staved or lagged construction.

S. Above 10 inches in diameter, use the
ring type billet pattern.

It is suggested that 1/16-inch to 1/8-inch
draft per foot be used for vertically cast
billets. (See chapter 11 for vertical core print
proportions.)

In the manufacture of a set of billet patterns
to be molded HORIZONTALLY, it is suggested
that the following methods of construction be
used:

1. Up to 5 inches in diameter, use solid
construction.

2. Above 5 inches in diameter, use staved
or lagged construction.

(See chapter 11 for core print proportions
to be used for horizontal cores.)

WHEEL PATTERNS

The making of patterns for wheels of various
designs is a common job aboard repair ships.
Wheels that are made with a solid center or
plate are called webbed wheels. Lightening holes
are sometimes cut through the web to decrease
the weight of the wheel. Other types of designs
are flanged, and armed or spoked wheels. An
assembled set of spokes is referred to as a
spider. A wheel with a double set of spokes
or two spiders is called a drum. Figure 15 -9
shows the method of constructing a webbed wheel

pattern. Note that a recess is turned in the
central courses at A to provide a seat for
the circular web. This is sound construction
technique because it prevents the end grain
of the web from extending completely through
the rim of the wheel. It also eliminates a
featheredge at the fillet at point B. The cope
hub is constructed as a loose piece and is
made to fit the recess in the web at C, in order
to eliminate a featheredge and to simplify
molding procedures.

Figure 15-10 shows the method a con-
structing a single-course, spoked wheel pattern.
Several principles of sound pattern construction
are illustrated in this figure. The single course
of segments which make up the rim of the
wheel is splined for greater strength. The spokes
are recessed into the rim of the wheel to
eliminate end grain and to prevent a featheredge.
The spokes of the spider are attached to the
rim at points midway between the splined
segment joints. This also makes the pattern
stronger.

Other features of sound pattern construction
may be seen in figure 15-11 which shows three
methods of joining spokes in building up a
spider.

When constructing a wheel pattern, consider
the design of the spoke to minimize stresses
and to avoid casting strains. (See fig. 15-12.)
Note that the odd number of curved spokes are
used to reduce internal stresses in the wheel
design, which result from uneven shrinkage at
hot spots.

volt

68.167X 68.168
Figure 15-9. Construction features of a webbed Figure 15-10. Method of constructing a single-

wheel pattern. course, spoked wheel pattern.
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Figure
68.169

15-11. Methods of joining spokes.

MOT PROPIMII0

NOT PliffEOUNO

PORFIRIO')

POOPONIED NOT ntiveano

Figure 15-12. Spoke design.

When the straight spoke design is used,
(fig. 15-12) the stresses developed are absorbed
by the hub while the metal is still in the plastic
state. The secondary phase of shrinkage that
takes place in the straight spoke, shortens the
spoke and tears it away froin the hub. But
curved spokes under stress tend to straighten
out rather than to be torn away from the hub.
Note also in figure 15-12, that the sections are
blended into one another so that all cross
sections will cool as evenly as possible. Although
an odd number of spokes is preferred for
design reasons, you will no doubt get jobs that
will require deviating from this rule.

BELL-SHAPED PATTERNS

The construction of a bell-shaped pattern
is somewhat similar to that of the bushing or
cylindrical pattern. The bell pattern, however,
is com2licated by the fact that each course
of segments differs in diameter. Each course
of segments must be laid out individually. The
stacking of the stock and multiple sawing of all
the segments for all the courses cannot be
accomplished in one operation.

The preferred method of closing off the
top of the bell is by using a course consisting
of four segments cut at 90° angles. See view
B in figure 15-13. Note the direction of the
grain of the individual segments.

The segment course that forms the top of
the bell is mounted on a false faceplate and
faced off. Two or three courses of segments
are glued in place and faced off. Then the
distance of the course joint from the false
faceplate is checked. The inside of the glued-
up segments is turned to the required shape,
which is determined by using a template.
Additional courses are added until another
suitable depth is reached and then turned as
previously described. This operation is repeated
in two or three course lengths until the entire
length of the bell is reached and turned on the
inside. Before the stock is removed from the
lathe, a short distance on the outside is turned
to size. This short, turned length will serve
as an aid in rechucking. The inside of the turned
pattern is sanded and a thin coat of pattern
covering is applied.

23.9X The pattern is removed from the false
faceplate and another false faceplate (chuck)
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is turned to receive the short, turned length
of the outside of the pattern. The pattern is
fastened to the turned chuck with screws and
the outside shape is turned to the required
contour. As an extra safety factor when the
outside contour of the bell is being turned the
dead center of the tailstock is run into the
top of the bell to serve as extra support.

SIMPLE IMPELLER PATTERNS

Knowing how a component or unit works is
just as important as having practical experience
in constructing various parts. It is not the
intention (or within the scope) of this training
cours _s to explain all of the various pieces of
equipment which you may he required to manu-
facture. However, this training manual preselts
typical samples of the various parts that you
as a PM3 or PM2 may he required to manu-
facture, such as a pattern of a single suction
impeller for a volute pump. To further your
understanding of impellers and centrifugal
pumps, a brief discussion is given to explain
what happens inside a centrifugal pump, the
type most commonly used in the Navy.

In the centrifugal (volute) pun.), the liquid
enters the pump at the center through the EYE,
and is given a rotary motion in the pump
chamber by the rotation of a number of blades
(the IMPELLER). The rotation of the impeller
in a true centrifugal pump 'does two things to
the liquid; centrifugal force drives the liquid
outward from the center, setting up a greater
pressure at the outer edge of the chamber than
at the eye; at the same time the liquid is pushed
around and around in the chamber by the turning
of the blades, and is given more and more
velocity as it moves farther out from the eye.
The liquid finally escapes into the discharge
pipe. By gradually widening the discharge pipe
and thereby reducing the velocity of the liquid,
most of the velocity produced by the centrifugal
pump is transformed into pressure. In this
form it is more available for doing work.

The impeller blades of most centrifugal
pumps are curved, the nature of the curve and
the dimensions of the pump chamber and the
discharge pipe being determined by the kind
of flow desired. Note that the direction of
rotation of the impeller shown in figure 15-14
is clockwise, so that the liquid is pushed around
the chamber by the blades, rather than being
carried in them.

VOLUTE

WELLER

VOLUTEVOLUTE

23.18.0
Figure 15-14.A single suction centrifugal pump.

LAYOUT OF A SINGLE
SUCTION IMPELLER

According to the blueprint (fig. 15-15), the
impeller is to be cast from Navy Specification
46-M-6 ("G" metal), machine-finished on the
outside and finally, balanced. Because the blue-
print indicates that the impeller is to be cast
from "G" metal (bronze), you will use a 3/16 -
inch shrink rule when making the layout. The
layout is made exactly as specified on the blue-
print and all draft allowances are made at the
time of construction.

The general procedure is to lay out all
the solid outline lines; then add the interior
lines. The next step is to add the machine
finish, then add the required core prints. Add
construction joints, location of dowels, or other
construction features as necessary. It may be
noted, that for this particular job, only two
full-scale orthographid views (one top view and
one side view) are necessary. The front view
is unnecessary because it does not add any
significant features to the other views.

For instructional purposes, the layout proce-
dures will be described step by step. It is
suggested that you follow the instructions (steps
numbered 1 through 20 in the next section)
and prepare your own layout. Refer to figures
15-16 and 15-17 which identify the various steps
by numbers. This system of number identifica-
tion will enable you to follow the directions
given. Remember that the Patternmaker actually
works from the blueprint. Figures 15-16 and
15-17 show the steps in sequence but in separate
figures for instructional purposes only. Re-
member that all dimensions taken from the
horizontal centerline are to be laid out on both
sides of the horizontal centerline because the
horizontal halves are identical. But all di-
mensions taken from the vertical centerline on
the left side are different than the dimensions
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23.27(68)
Figure 15-16. Layout of outside shape of

impeller.

on the right side because the shape of the left
side is straight while the shape of the right side
is curved.

Select a layout board of appropriate size
and lay out the horizontal centerline and the
two vertical centerlines, allowing adecuate space
for the required views. These centerlines will
be used as the basic reference lines for sub-
sequent measurements.

1. Establish the full diameter of the impeller
by using the intersection of the horizontal and
vertical centerlines (fig. 15-16) as the center
point to scribe a line 3 3/8 inches from the
horizontal centerline and parallel to it.

2. Lay out the full width of the impeller
by measuring and scribing a line 1 3/E1 inches
from the vertical centerline and parallel to it.

3. Establish the diameter of the outside hub
by measuring and scribing a line 1 13/16 inches
from the horizontal centerline and parallel to it.

4. Establish the length of the outside hub
by measuring and scribing a line 7/16 inch
long, to the left of the right full width (step 2)
and along the scribed line made in step 3.

23.28(68)
Figure 15-17. Layout of wall thickness.

5. Establish the width of the curved side
face to the right of the vertical centerline
at the outside diameter of the impeller by
measuring and scribing a line 3/8 inch in
length, extending from the vertical centerline
and parallel to the horizontal centerline.

6. To establish the curved face of the
impeller, scribe an arc of 4-inch radius from
the width of the right side face on the outside
diameter (step 5) and arother arc of 4 inches
from the length of the outside hub (step 4).
At the point where these two arcs intersect,
scribe an arc from the outside diameter to the
length of the hub.

7. Establish the width of the straight side
face to the left of the vertical centerline at
the outside diameter by measuring and scribing
a line 13/32 inch long, and parallel to the
vertical centerline.

8. Establish the diameter of the largest hub
to the left of the vertical centerline by measuring
and scribing a line 1 3/8 inches from the
horizontal centerline and parallel to it.
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9. Establish the length of the largest :rub
to the left of the vertical centerline by measur-
ing and scribing a line 11/32 inch long and
parallel to the straight side face.

10. Establish the diameter of the smallest
hub to the left of the vertical centerline by
measuring and scribing a line 11/16 inch from
the horizontal centerline and parallel to it.

11. Establish the length of the smallest hub
to the left of the vertical centerline by measuring
and scribing a line 5/8 inch long, to the right
of the left outside width of the impeller and
parallel to the straight side face.

12. Add a 1/4-inch radius between the
smallest and the largest hubs to the left of the
vertical centerline. The procedure for estab-
lishing the centers for this radius is basically
the same procedure as given in step 6.

13. Add a 5/16-inch radius between the largest
hub on the left side of the vertical centerline
and the straight side face of the impeller. The
procedure for establishing the center for the
radius is basically the same as the procedures
in steps 6 and 12. Darken the knife lines to
complete the outside shape of the impeller
as shown in figure 15-16.

14. Establish the inside diameter of the
outside hub (eye of the impeller) by measuring
and scribing a line 1 5/8 inches from the
horizontal centerline and parallel to it. (See fig.
15-17.)

15. To establish the inside curve, use the
center of the intersecting arcs (step 6). Scribe
a 4 1/8-'nch radius from the outside diameter
to the inside diameter of the eye.

16. Establish the 1/8-inch wall thickness by
measuring and geribing a line 1/4 inch k the
left of the vertical centerline at the outside
diameter and .iarallel to the vertical centerline.

17. Establish the inner hub diameter by
scribing a line on the vertical centerline an
equal distance of 11/16 inch on each side of the
horizontal centerline.

18. Add a 11/16-inch radius between the
inner hub diameter and the vertical line es-
tablished by step 16.

19. Establish the shaft hole diameter by
scribing two parallel lines, each 3/8 inch from
the horizontal centerline. These two parallel
lines extend from the vertical centerline to
the left outside width of the impeller.

20. Add a 3/8-inch radius between the inside
wall of the side curved face and the inside
diameter of the eye. Darken the knife lines to
complete the wall thickness of the impeller as
shown in figure 15-17.

The procedure for ADDING MACHINE FINISH
is as follows:

1. Add 1/8-inch finish on the outside
diameter.

2. Add 1/8-inch finish on the length of the
outer hub, (eye).

3. Add 1/8 -inch finish to the outside diam-
eter of the outer hub (eye).

4. Add 1/16-inch finish on me side face
curve.

5. Add 1/8-inch finish to the shaft hole
diameter.

6. Add 1/8-inch finish to each end of the
hub for the shaft hole.

7. Add 1/8-inch finish to the straight side
face.

8. Add 1/8-inch finish to the outside diam-
eter of the smallest hub left of the vertical
centerline.

9. Add 1/8-inch finish to the length of the
largest hub left on the vertical centerline.

10. Add 1/8-inch finish to the outside diam-
eter of the largest hub left of the vertical
centerline.

11. Add 1/8-inch finish to the radii on the
smallest and largest hubs left of the vertical
centerline.

Darken the knife lines and color the finished
surfaces with a red pencil as shown in figure
15-18.

At this point in the layout, it is possible
to see how the single suction impeller may be
parted as shown in figure 15-18. The pattern
may be parted along the upper surface of the
suspended core print. In addition to the parting
of the pattern, turned male and female dowels
must be used for cope and drag pattern alignment.

The procedure for ADDING CORE PRINTS
is as follows:

1. Add a core print to the drag half of
the pattern layout for the eye opening of the
impeller, 5/8 inch high, tapered from the inside
of the eye opening to 2 3/4 inches in diameter.

2. Add a core print to the outside diam-
eter for support of the suspended core. Extend
the inside curved face line parallel to the
parting line of the pattern. One inch from the
outside diameter finish line on the parting line,
scribe a line parallel to the draft established
for the eye opening core print.

3. Add a vertical core print to the center
hub as established by the core print dimensions
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68.171
Figure 15 -18. Layout with finish allowance.

set forth in chapter 11 Darken the knife lines
to complete the core prints as shown in figures
15-18 and 15-19.

The procedure for ADDING THE CONSTRUC-
TION JOINT LINES is as follows:

1. On the drag half of the pattern layout,
starting at the limit of the eye opening core
print, segment course A is scribed even with
the finish line on the eye opening.

2. Segment course B is scribed even with
the intersection of the curved side face and the
eye opening hub.

3. Segment course C is located even with the
finished line of the curved side face,.

4. Segment courses D and E are combined
to establish the dittance from the finished line
of the curved side face to the upper face of
the suspended core print.

5. On the cope half of the pattern layout,
segment course F is scribed from the finished
line of the straight side of the impeller. Note
the thickness of segment course F to include
the male dowel.

6. Segment course G is the distance from
the finished line of the straight side of the
impeller to the finish length of the largest hub.

7. The smallest hub and the vertical core
print are made of vertical grain material, and
inserted into segment course G.

Note that the segment courses for the pattern
are in such a location as to eliminate any-
featheredges on the turned pattern.

Darken the knife lines to complete the con-
struction joint lines as shown in figure 15 -19.

The procedure for laying out the curved
vanes is as follows:

From the cross-sectional view of the single
suction impeller blueprint (fig. 15-15), transfer
only the necessary lines to develop the top
view. To avoid confusion in the top view, finish
allowance and the coreprints are eliminated
from the layout as shown in figure 15-20. Using
the dimensions as shown on the blueprint (fig.
15-15), develop the layout for the location and
the curve of the vanes. The completed layout
for the construction of the pattern for a single
suction impeller is shown in figures 15 -18,
15-19, and 15 -20.

Check the completed layout agairsi, the
blueprint to verify all dimensions. You are now
ready to proceed with the actual construction of
the pattern.

CONSTRUCTION OF SINGLE SUCTION
IMPELLER PATTERN

After completion of the layout, you should
have a reasonably good idea cf how to start
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Figure 15-19. Layout with construction joints for pattern.

CORE PRINT

68.172

the actual construction of the pattern. However,
after completing the layout, study it carefully
and try to visualize the breakdown of the pattern
into its components for construction purposes.
(See fig. 15-21.) The value of careful planning
at this stage can best be appreciated by visual-
izing the size and shape of the pattern, and the
inside or cored sections, to determine the best
possible method of construction. Careful plan-
ning at this stage will also serve as a stepping
stone from the blueprint to the completed pattern.

The cope half of the pattern for a single
suction impeller is built up of two courses of
segments of different thicknesses and of vertical
grain pattern stock for the boss and vertical
core print. The drag half of the pattern is built
up of five courses of segments of different thick-
nesses and of varying diameters. The main body
(drag) of the pattern will include a core print
around its periphery to locate and hold the sus-
pended core. The body will also include a core
print for the eye opening. The cope and drag
halves of the pattern are aligned by turned male
and female dowels.

23.34 A step-by-step procedure for the manu-
Figuee 15-20. Layout of curved vanes. facture of a single suict3on impeller pattern as
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Figure 16-21. Built-up cope and drag.

shown in figure 15-15 is described in the follow-
ing paragraphs.

From the layout determine the thickness of
each course of segments. Use six segments for
each course. Lay out and construct templates
for the various diameters of segments. Trace
the outline of the segment template an the dressed
stock and cut on the handsaw. Sand the mating
edges and glue the courses in the proper sequence
as previously described.

To save time, while the glue is drying, 23.36

construct the template for the outside curved Figure 15-22. Turning of the male dowel.
face of the impeller. After the glue has dried,
true up the top surface of the built-up stock
for the cope half of the pattern and mount on
a false faceplate as shown in figure 15-22.
Turn the male dowel to the dimensions of the
layout as shown by X in figure 15-22. The
male dowel is generally turned first so that
it may be used as a template when turning the
mating female dowel in the drag half of the
pattern.

Turn a false faceplate to the reverse (female)
shape of the male dowel. Rechuck the cope half
of the pattern to the false faceplate and turn
to size and shape as shows, in figure 15-23.
Turn a recess equal to the limits of the fillet
on the boss. The depth should be approximately

FALSE FACEPLATE
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NULNX\VOL 'N'k%...'"%1411
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68.173
Figure 15-23. Rechuoking of the cope.
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1/8 inch. Turn vertical grain pattern stock
by the spindle turning method to the proper
diameter and approximate length for the boss
and the vertical core print. Glue the turned
vertical grain stock into the turned recess in
the cope half of the pattern. When the glue
dries, finish turning the cope half of the pattern.
While the work is still mounted on the lathe,
sand it and apply the first coat of pattern
covering. Rem lye the pattern from the false
faceplate and plug the holes left by the face-
plate screws. Recheck the cope half of the
pattern against the layout.

Mount the previously glued-up segment
courses on a faceplate and turn the recess
for the female dowel. Use the male dowel on
the cope half of the pattern as a template for
matching of the female dowel (fig. 15-24). When
the proper matching of the male and female
dowel is accomplished, turn an extra 1/32 inch
from the depth, and 1/32 inch from the side
angle and diameter of the female recess. This
allowance permits expansion of the male dowel
and shrinkage of the female receptacle caused
by the application of the pattern coating. Turn
the outside diameter and the angle of the core
print on the periphery of the pattern (fig. 15-24).

Turn a false faceplate to the reverse (male)
shape of the female dowel. Recheck the drag
half of the pattern to the false faceplate and turn

I

017/MAre d149:41

Por.50070110'

the opposite side (face curve) of the pattern to
a template as shown in figure 15-25.

Before removing the work from the lathe,
sand and finish the drag half in the same manner
as described for the cope half. Recheck all
dimensions and the shape of the pattern (cope
and drag) against the layout. After the final
checking, apply pattern coating in accordance
with the Standard Color Code. The completed
pattern is shown in figure 15-26.

23.39
Figure 15-25. Rechucking of the drag.
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VERTICAL CORE PRINT

FEMALE DOWEL
MALE DOWEL

CORE PRINT

pg;

'''011111111II
DRAG PAT TERN

CORE PRINT

CORE PRINT

68.174 23.40(68)
Figure 15-24. Turning of the .emale dowel and Figure 15-26. Completed pattern for a single

suspended core print. suction impeller.
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CORE BOX FOR A SINGLE
SUCTION IMPELLER

From `he detailed study of the blueprint
and the layout, it was decided to incorporate a
suspended core to form the interior of the
single suction impeller. In chapter 11 a sus-
pended core was defined as one having the
seat so formed that it may be suspended above
the mold. (See figs. 15-18 and 15-19.) The
core is of such shape in order to cast the
vertical curved vanes accurately and to transfer
a smooth surface to the casting which will
be true to the desired contour.

Two core boxes are required for the single
suction impeller. One establishes the eye open-
ing on one side of the impeller and the vane
openings on the periphery of the casting. The
other box casts the hub shaft hole. The two
cores when baked and assembled are set into
the mold cavity as one complete unit.

A step-by-step procedure for the manu-
facture of the main body core box for a single
suction impeller is described in the following
paragraphs.

The thickness of the various segment courses
are taken directly from the layout. Refer to
figure 15-18 for the complete layout of the core
boxes. Figure 15-27 shows the breakdown of the
main body core box with a view of the course
thickness and the temporary parting for the
insertion of the curved vanes. The placing of the
different course thicknesses in their proper
order for the two halves of the main body core
will permit production of a core box having
the same staying qualities as the pattern. These
course thicknesses also serve as a depth gage
while turning the core box on the lathe.

CORE PRINT

I DOWEL

CORE PRINT

bar

DOWEL 1

CORE PRINT §."'W
PLAPOWISE MATERIAL

Select plankwise stock (stock with the grain
going in only one direction) of convenient thick-
ness and of the proper diameter for H (fig.
15-27); mount it on a false faceplate and face
off. This plankwise stock is used for the base
of the main body core box. Lay out, cut, and
sand segment course I as shown in figure 15-27,
allowing stock for turning. Glue and clamp
course I directly upon the plankwise stock.
Face off segment I to the proper height.

Lay out, cut, and sand segment courses J,
K, and L. Glue and clamp these three courses
together in the proper sequence, placing the
course end joints midway between the end joints
on the preceding course. After the glue has
dried, plane the underside of segment J to
make a perfect joint between courses I and J.

Clamp the upper section (courses J, K, and
L) to the lower section (course I and the plank-
wise stock, H), bore two 1/4-inch holes through
the upper section into the lower section, and
insert dowels. (See fig. 15-27.) Placing of
dowels in the box before turning the cavity
ensures an accurate method of realigning the
two sections of the box after the curved vanes are
inserted. Drill clearance holes for wood screws
through the lower section and secure both
sections together. Place the screws so that they
will not interfere during turning. Mark each
complete unit for future reference.

Lay out and construct a template to the
dimensions of the required cavity of the main
body core as shown in figure 15-28. Using the
proper surface feet per minute for the size of

FACEPLATE

Far rz, Nov dir,
. V.11111111111111. Filinnlim
1111WP Itkkktlltat

TEMPLATE

23.43
23.42 Figure 15-28. Turning the main body core box

Figure 15-27. Layout of the body core box. to a template.
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the box, turn he cavity to the template as shown
in figure 15-28. Note how the segment courses
serve as an aid in determining the depth of the
various sections of the box. Before removing
the box from the lathe, sand the box and apply
the first coat of patte1m coating. Remove the
box from the lathe, but IX) NOT remove the
core box from the faceplate because, after the
vanes are inserted, the top edges of the vanes
have to be turned to a template.

Remove the top section of the core box.
Place the parting line of the box face down;
put a temoorary block of scrap stock in the
eye opening flesh with the parting surface of
the upper section. The temporary block should
be a snug fit because the true center of the box
will be laid out on this block. On the surface
of the parting of tho box, lay out the curved
vanes as shown :n figure 15-20.

Rem lve the tern:)orary block from the center
of the box 14nd cut out the vane sections to the
line on the jigsaw. Referring to figure 15-20
which snows the layout of the curved vanes,
lay out a template from thin template stock.
Using end grain material slightly higher than
courses J, K, and L, of figure 15-27, trace
the vane template on the stock. Cut out and
sand the curved surfqees to a slight draft.

Glue and insert the curved vane sections
into the cutouts made in the core box. Insert
the vanes from the curved cavity of the box to
elim'nate chipping of the curved surface. Plane
the parting of the top section to remove those
portions of the curved vane that may extend
above the surface. Glue and clamp the two
sections of the box in their proper position,
using the dowels for alignment.

Remove the box from the faceplate, sand
where necessary, and apply one coat of pattern
coating to the box. Fill in all holes or voids
between the vanes and the curved surface of the
box, Run a leather or wax fillet between the
vanes and the curved section of the box. Paint
according to the Standard Color Code.

To complete the main body core box, a
sweep is necessary to form the top surface
of the core for the inner hub as shown in
figure 15-29. The center section (inner hub
and radius) may be turned between centers on
the lathe and inserted into the sweep material.
The sweep must be _long enough to extend over
the full outside diameter of the core box. A
curved block (matched to the outside diameter)
is fastened to each end )f the sweep to align
the center boss on the sweep in the correct
position. (See X in fig. 15-29.)

bS.175
Figure 15-29. Vane insertion and sweep for

main body core box.

COUNTERSAWING OF
PATTERN MEMBERS

The fitting of bosses and other pattern
members to the main body of a pattern may
be difficult due to the shape or contour of the
pattern. As a PM3, you will be required to
know enough of pattern joinery to overcome
the difficulties encountered in laying out and
cutting these members. Therefore, an under-
standing of countersawing is necessary for
attaching those pattern members located on
curved or oblique surfaces.

Countersawing, as the name implies, is two
or more sawing operations used for the shaping
of pattern members. The pattern member is
laid out, sawed in one directirn. braaaed back
together, and sawed anCi sanded in the opposite
direction. As in all phases of pattermnaking,
absolute accuracy (through the use of center-
lines) is necessary for laying out, cutting,
sanding and fastening of the various parts of a
pattern.

Ways of laying out and countersawing various
shapes of pattern members are discussed in
the following paragraphs.

The simplest method (fig. 15-30) for locating
small bosses to a curved surface is to bore
a hole in the pattern body at the proper location
and insert the boss. This method has the
advantage of having the boss permanently attached
to the main body of the pattern. However, if
an alteration to the pattern for the location
of the bose is necessary, the bored hole would
have to be plugged and the inserted plug faired
to the main body.
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68.176
Figure 15-30. Boring into main body for boss

insert.

For pattern members, such as a boss that
is located vertical to an obliqLe surface (fig.
15-31) on the main body of the pattern, a more
definite method is recommended. Select a block
of appropriate size for the boss. The length
of the block should be greater than the length
of the boss. The block should be slightly wider
than the diameter of the boss. The extra width
will allow for the draft to be sanded on the sides
of the boss. In addition, the block must be
sanded square to each surface.

Lay out the centerlines on all surfaces of
the block and the diameter of the boss as shown
in part A of figure 15-31. From the top surface
of the boss, transfer the length of the vertical
centerline of the boss from the layout to the
squared block. The angle of the underside of
the boss is laid out on the side surface of the
block with the angle intersecting the vertical
centerline and the transferred length of the boss.
Cut the block to the angle laid cut on the side
surface of the block. Brad the two blocks back
together, aligning the top section to the bottom
section with the proper centerlines. (See part
B of fig. 15-31.) Cut the circular shape of the
boss (top of the block) and sand draft to the side
surface. Reestablish the vertical centerlines on
the vertical surfaces of the boss. Remove the
top section of the shaped block from the bottom
section. The top section is then aligned by the
centerlines on the vertical surfaces of the boss
and the oblique surface of the main body of the
pattern.

A B

68.177
Figure 15-31. Laying out and cutting bosses

vertical to an angle.

Figure 15-32 illustrates the method of
laying out and countersawing a boss to match a
curved surface on the main body of the pattern.
Figure 15-33 illustrates the method of laying
out and sawing a boss to match surfaces of two
angles.

When pattern members are to be added to
a circular curved surface, such as that shown in
figure 15-34, an entirely different procedure is
necessary. The bottom piece is turned on the
lathe as a false faceplate. This bottom piece
will be used in the same manner as were parts
B of figures 15-31, 15-32, and 15-33; that is,

fro hold the boss material in position during
the cutting and sanding operatior The top piece
is matched to the false faceplate .d the pattern
members are cut out from the matched pieces.

From the layout (fig. 15-34) determine the
width and thickness of the circular ring neces-
sary for the pattern members. Select stock of
appropriate size, mount on a false faceplate
and turn to the reverse shape of the outside
of the pattern. The reverse shape of the curved
outside of the pattern is actually the shape of
the bottom side of the pattern member. (See
fig. 15-35.) Remove the circular ring from the
false faceplate. Turn a false faceplate of suf-
ficient thickness, as shown in figure 15-36, to
the shape of the carved outside shape of the
pattern. A center boss corresponding to the

413



PATTERNMAKER 3 & 2

A B

68.178
Figure 15-32. Laying out and cutting bosses

vertical to a curved surface.

A B

68.180
Figure 15-34. Laying out bosses on a curved
surface: away from the centerline of the pattern.

68.181
Figure 15-35. Turning boss material to a tem-

plate.

68.179
Figure 15-33. Laying out and cutting bosses 68.182

vertical to a compound angle. Figure 15-36. Turning of a false faceplate.
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inside diameter of the circular ring is also
turned on the false faceplate. This center boss
is used as an aid to locate the boss material
(circular ring) in position for cutting and sand-
ing. Rechuck the circular ring on the false
faceplate, as shown in figure 15-37. Before
removing the work from the lathe, scribe a
centerline on the surface of the circular ring,
corresponding to the diameter of the boss circle.
Remove the false faceplate and the attached
circular ring from the lathe. Lay out the boss
diameter or pad size on the top surface of the
circular ring. The intersection of the circular
centerline scribed on the top surface of the
ring and radial lines scribed from the center
of the false faceplate are used as centers (fig.
15-38).

The circular ring and the turned base (false
faceplate) are secured together with brads. The
brads are driven through the scribed boss
diameter (circular ring) and into the base piece
(fig. 15-38). Cut the boss or pad on a handsaw
and sand it on a disc sander as previously
described. Establish vertical centerlines on the
side surfaces of the boss. Attach the boss to
the main body of the pattern using the scribed
centerlines as an aid in aligning members.

STRAIGHT STAVED
CONSTRUCTION

Large patterns or core boxes 8 to 10 inches
in diameter, or either cylindrical or conical
shape, may be constructed by using staved.
construction. Staved construction is used when

68.183
Figure 15-37.False faceplate and boss material.

BRADS

68.184
Figure 15-38. Layout and cutting of bosses on a

circular curved surface.

patterns or core boxes cannot be made eco-
nomically from solid stock. The advantages of
staved construction are that it:

1. Provides a combination of lightness and
strength.

2. Produces a pattern that is more likely
to retain its dimensional form.

3. Permits building close to the finished
outline of the pattern so that there is compara-
tively little excess stock to be removed.

Briefly, this method of construction consists
of fastening narrow pieces of stock called
STAVES or LAGS to foundation pieces called
HEADERS. To stiffen the construction and to
provide means for rapping and drawing the
pattern from the mold, a STRONGBACK is
dadoed into the headers as shown in figure15-39.
Four of the staves are called JOINT STAVES
and are usually cut a little wider to allow for
hand-planning the parting joint.

In selecting the number and thickness of
staves to be used, you must exercise sound
judgment based upon a consideration of the
diameter of the work, strength desired, size of
available stock, and the amount of gluing sur-
face between the staves. In general, the greater
the number of staves, the closer you will be
able to build the pattern to the finished outline.
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Figure 15-39. Typical staved construction.

The following general rules may be helpful in
staved construction:

1. Staved construction is recommended in
the building of long cylindrical or conical pat-
terns and core boxes exceeding 8 to 10 inches in
diameter.

2. The gluing surface at the stave joints
should not be less than 3/4 inch.

3. The thickness of the headers should be
approximately 1 1/2 times the thickness of the
staves.

4. The distance between the headers should
be from 9 inches to 12 inches depending on the
size and strength required.

LAYOUT OF STAVES
AND HEADERS

23.69X

The following general procedure is used for
laying out the headers and staves of a typical
staved job. Remember that this is not the only
way of doing the job. Many Patternmakera have
their own particular method of working. So long
as the various methods are equally effective it
is well to respect the individual differences you
may find in your crew. Figure 15-40 shows the
layout for staves and headers:

1. Scribe a horizontal awl a vertical center-
line on the layout board.
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OUTSIDE DIAMETER OF PATTERN ti

Figure 15-40. Method of laying out staves and headers.

2. On the horizontal centerline scribe a
semicircle having a diameter equal to the out-
side diameter of the pattern under construction.

3. Divide the semicircle into four equal
parts. Remember that figure 15-40 shows only
one-half of the cylindrical pattern and that eight
staves are actually used for the complete job.
Thus, when you are using the table of chords
to calculate the length of the chord required,
be sure to multiply the diameter of the job by
the factor listed in the table for eight segments.

4. Scribe chord AB in order to establish a
fixed reference line from which the thickness
of the stave may be laid out.

5. Lay off the distance C which includes
allowance for lathe turning.

6. Adjust and set the bevel gage to angle
ABX and scribe line DE parallel to line AB.
Line DE represents the outer face of the stave
including waste stock. Angle ABX is found to
be 67 1/2°, by subrtacting 45° from 180° and
dividing by 2. (The total of the three angles of
a triangle is always 180°.)

7. Scribe line FG parallel to DE to give you
the thickness (II) of the stave to be used. Line
FG represents both the outline of the header
and the inner face of the stave. Figure DEFG
represents the template for the staves.

8. If the gluing surface at the stave joints
(AG) is less than 3/4 inch in thickness, select

23.70X

a greater number of staves and repeat the
layout procedure.

9, For patterns which require circular
headers for inside turning, scribe a semicircle
using XF as the radius.

Figure 15-41 illustrates three different
methods of constructing polygonal headers. The
illustrations are self-explanatory.

23,71X
Figure 15-41. Methods of constructing headers.
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STAVING ON
CIRCULAR HEADERS

Staving may be done on round or circular
headers by concaving the inner face of the
stave to fit the header. The staves are laid out
in the conventional manner. The concave arcs
are cut on the table saw as illustrated in figure
15-42. First, set the saw blade to project above
the table a distance equal to dimension N. If
the desiree radius of the stave is larger than
the diameter of the saw, two or three cuts may
be necessary on each stave as shown in A,
figure 15-42. After the height of the blade is
adjusted, swing the fence or straightedge to
such an angle that the saw will cut only the
width of the narrow side of the stave shown as
dimension Y. Lay off dimension Y on a flat
steel square. Place the square against the
straightedge and adjust the straightedge as shown
in B, figure 15-42. It will be necessary to
readjust the straightedge slightly before clamp-
ing it in place because of the bevel on the
edge of the stave. Move the straightedge away
from the tip of the saw blade to a distance equal
to the overhang of the bevel on the edge of the
stave.

Adjust the height of the blade so that at least
two clits must be taken to remove the waste
stock. For smooth work, the last cut should be
very light and the stock should be fed slowly
over the saw in the direction of the arrow
shown in B, figure 15-42. Cut the first stave
and check it for accuracy before proceeding
with the rest of the staves. Always make two
or three extra staves while the saw is set up.

Another method of setting the angle of the
straightedge is by using a parallel frame as
shown in figure 15-43. The parallel frame
method is the simplest and most convenient
method for setting the angle for concave sawing.
The angle on the inside edge of the side pieces
of the frame is equal to the angle on the edges
of the stave,

Using one of the staves as a template, adjust
the frame to the stave, remove the stave, and
place the frame over the saw blade with the
narrow side of the frame face down on the saw
table. (See fig. 15-43.) Adjubt the height of the
blade for the full depth of the concave on the
stave.

Swing the frame around until one of the
inner edges of the frame comes in contact with

the back of the blade and the other inner edge
comes in contact with the front of the saw tooth
as shown in figure 15-43. This frame can be
used as a straightedge but must be clamped to
the table top.

To use this parallel frame only to obtain the
angle to set the fence or straightedge, observe
the following procedure: Trace the angle ob-
tained from the parallel frame on the surface
of the saw table. Select a board to be used as
a straightedge, bevel one edge to the angle of
the stave. The length of this straightedge should
be approximately the length of the angle traced
on the table top. Clamp the straightedge along
the line that was transferred from the parallel
frame as shown in figure 15-44.

Regardless of which setup method is used for
cutting the concave on the staves, the following
points concerning safety should be observed:

1. Use a sharp saw blade.

2. Make all cuts against the rotation of the
saw blade to prevent the saw from dragging the
work into the saw and thus decreasing the
operator's control of the workpicce.

3. Do not fc,;, ce the work over the blade.

4. Do not attempt to cut more than 1/16
inch in depth at one time. The slower the stock
is passed over the saw blade and the smaller
the cut is in depth, the smoother the surface
will be.

5. Make at least two cuts.

TAPERED STAVED
CONSTRUCTION

Tapered staved construction is similar in
some respects to straight staved construction.
But the headers required for tapered staved
construction vary in diameter; the staves must
be tapered throughout their entire length. In
addition the edges of the headers must be cut at
an angle. Figure 15-45 illustrates a longitudinal
layout for tapered staved construction. Note
that this layout provides the required edge angle
for the headers and shows how the stave varies
in diameter. (See the auxiliary view of the
staves in fig. 15-45.)
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VIEW A-SETTING THE HEIGHT OF THE SAW BLADE
THREE CUTS

FRONT OF MACHINE

CLAMP VIEW B SETTING THE ANGLE OF THE
STRAIGHTEDGE

23.72X
Figure 15-42. Method of concaving staves by using the table saw.
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Since there is a constantly increasing (or
decreasing) diameter of the taper, it is best to
lay out the headers as polygons instead of as
circular shapes. Polygonal headers prevent
having to hand-cut the staves to the concave
shape required to ensure a proper fit on the
header.

SAW
TABLE If the taper is not too great between the end

headers, it is best to cut the staves parallel,
then taper and bevel the edge on the jointer.

PARALLEL FRAME If the taper is great, cut the staves with the
taper and then bevel the edge on the Jointer.
Either method will require the use of compound
angles.

23.73
Figure 15-43. Method of determining angle with

a parallel frame.
Tapered staves may be secured to either

round or circular headers, but it is time con-
suming. Because different radii are involved at
each end of the stave, resulting in constantly
changing radii throughout the length of the stave,
cutting and matching the staves to the headers
is difficult. To overcome this difficulty, poly-
gonal headers are recommended because they
enable you to use a flat surface to secure the
staves to the headers.

GLOSSARY OF TERMS

The following definitions are of terms used
in chapter 16.

BONDING The act of integrating an existing
23.74 metal part into a casting by melting together.

Figure 15-44. Method of clamping a bevel
straightedge for concaving staves.

LARGE END
HEADER

CENTER
HEADER

STRONGBACK SMALL
END

HEADER

BUSHING A cylindrical lining of an opening
used to limit the size of the opening, resist
friction or abrasion, or serve as a guide.

COMPOSITE CASTING A casting that is poured
around inserted sections of a different metal.

KNURLING Forming a series of small ridges
or beads on a metal surface to aid in gripping.

23.75 PLUGGED IMPRESSION Impressions formed
Figure 15-45. Longitudinal layout for tapered by inserting a plug of required shape through

staved construction. a pattern into the sand.
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PATTERNS FOR COMPOSITE CASTINGS

Special characteristics which are desirable
in a certain part of a casting may be obtained
by using metal inserts of a different material
than the main body of the casting. These inserts
are frequently cast in place and are called
composite castings.

Frequently a steel or bronze bushing is
cart into an aluminum pulley to give a special
characteristic of lightness to the casting and
a hard bearing surface for the shaft (See fig.
16-1.) Brake drums are another good example
of the use of cast inserts. The outer shell is
a steel stamping into which a liner of cast iron
is poured. (See fig. 16-2.) Steel or bronze
shells for holding soft metal liners for bearings
are the most common use of cast-in inserts
that the Patternmaker will be required to
manufacture. (See fig. 16-3.)

A mechanical means of bonding the two
different metals together is necessary. The
most common forms of bonding an insert to a
casting are knurling, slotting, or grooving of
the insert. Examples of the various methods
of using cast-in inserts are described in this
chapter.

MOTOR END BELL
WITH A STEEL BUSHING

In the design of any cast-in insert for a
specific job, the increase in the casting cost
must be justified by the special characteristics
desired. For example, if a cast iron jacketed
motor end bell is accidentally broken in the
engineroom and no spare end bell is available
at the time, the engineer officer, repair officer,
Machinery Repairman, and the Patternmaker
may decide at an emergency conference to
manufacture and install an end bell of a modified
design to enable placing the pump back in
operation during the time interval necessary
for ordering the proper end bell from the supply
center.

421

CAST-IN
INSERT

PULLEY
CASTING

23.86
Figure 16-1. Aluminum pulley with a metal

cast-in bushing.

CAST IRON INSERT

STEEL STAMPING

23.87
Figure 16-2. Brake drum with cast iron insert.

SOFT METAL INSERT
(BEARING METAL)

Age"
BEARING CAP

(STEEL,CAST IRON,
OR BRONZE)

23.88
Figure 16-3.Bearing cap with soft metal insert.
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No natxlification of the motor shaft is re-
quired for use of a smaller bearing in the
end bell because of having to build up the shaft
again for the end bell on order. The modified
design would include a straight steel bushing
instead of a ball or roller bearing. Instead of
machining the end bell to size and pressing
the steel bushing into the thin walled casting,
the bushing would be cast in place during the
casting process.

In this case the Patternmaker is the leadman
in the design of the end bell; basic design
rules must be applied. (See chapter 2 of this
training manual). While cast-in inserts tend to
reduce shrinkage to the extent that no shrinkage
allowance is required, it is advisable to allow
sufficient metal around the insert to eliminate
any cracks or draws during the solidification of
the main body of the casting.

LAYOUT AND CORE BOX
FOR INSERT

Using the basic dimensions of the broken
cast iron end bell (fig. 16-4), make a layout
with the proper shrink rule, including all
modifications for the steel bushing, as shown
in figure 16-5. From the pattern layout make
a sketch of the bushing, showing the semi-
finished dimensions and the mechanical means
of bonding the bushing to the cast iron end bell.
(In fig. 16-6 slots are used to keep the bushing
from turning and grooves to keep the bushing
from pulling away from the casting.)

Allow finish on the inside of the bushing and
on each end for final machining of the end bell
and of the bushing. Send the sketch to the

BALL OR ROLLER
BEARING

REINFORCING
BOSSES

BETWEEN
INNER AND

OUTER WALLS

23.89
Figure 16-4. Jacketed end bell with ball or

roller bearing.

CAST-IN
INSERT WCOPP-1311

ritIA
MEM
/1'11

DRAG CORE
PRINT FOR

LOCATING INSERT

COPE CORE%
PRINT TO

KEEP INSERT
FROM FLOATING

CORE
PRINT

Pm'

23.90
Figure 16-5.Jacketed end bell modified for a

cast-in steel bushing.

FINISH ADDED TO INSERT

23,91
Figure 16-8. Sketch of semifinished steel

bushing.

machine shop so that the semifinished bushing
can be manufactured from the proper material.
When the semifinished bushing is returned, con-
struct a special core box for the core that will
locate and hold the bushing in the proper position
in the mold cavity during the pouring of the
metal into the mold. (Fig. 16-7 illustrates the
insert and the core.)

In figure 16-5, note how the core is set.
When the cope half of the mold is placed in
position, the insert will be kept from floating
by the green sand in the cope.

CONSTRUCTION OF A JACKETED
END BELL PATTERN

The construction of a jacketed end bell pat-
tern is similar to that of cylindrical or bell
shaped patterns. The jacketed end bell pattern
is more complicated because each course of
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FINISH FINISH

DRAG
CORE
PRINT

SEMIFINISHED INSERT

COPE
CORE
PRINT

23.92
Figure 16-7.Semifinished bushing showing core

arrangement.

segments differs in diameter and in the coring
for the opening between the inner and outer
walls.

The pattern is made of segmental construction
and turned on the lathe. The finished pattern
will be shell-like with a core print around
the outside periphery to locate and hold the
suspended core required for the space between
the inner and outer walls of the casting. Locating
and holding the insert in the mold are made
possible by the addition of a vertical core print
on the pattern.

Before proceeding to build up the pattern
for the jacketed end bell, a full-size (shrink
rule) section of the end bell should be laid out.
From the layout, the thickness, the width, and
the required number of segment courses are
determined. The number of segment courses
will depend upon the shape and size, and upon
the personal preference of the Patternmaker.
With dry lumber, the pattern is built up as
shown in figure 16-5, taking care to allow
stock for finish where so indicated on the layout.
Five courses, as illustrated, have been selected
for the jacketed end bell pattern in figure 16-5.

While the glue is drying, two templates are
made from thin template material, one for the
inside shape and one for the outside shape of
the pattern. The shape of the template should
be the same as that of the cross section of the
end bell transferred from the layout to the
template material. The step on the face of the
pattern, intended to receive the motor, may be
ignored as it can be easily turned in afterwards
by the machine shop.

The inside of the pattern is turned to corre-
spond to the shape of the inside template, and a
cope core print added for the cast-in insert
core, after which the pattern is removed from
the faceplate. The pattern should be rechucked
to a false faceplate to permit the outside of the

pattern to be turned. Add the drag core print
for the cast-in insert core on the intersection
of the centerlines on the surface of the pattern.
Before removing the finished pattern from the
false faceplate, sand the pattern and apply a
thin coat of pattern coating. The finished pattern
will appear as illustrated in figure 16-8.

CONSTRUCTION OF THE CORE BOX
FOR A JACKETED END BELL

The core box is built up of segmental con-
struction and turned on the lathe. The finished
core box will have eight loose pieces for the
plug type impressions for the reinforcing bosses
between the inner and outer walls. In addition,
the core box will have four loose pieces that
form the inner wall thickness and one sweep
that forms the inside shape of the inner wall.
(Fig. 16-9 shows only four of the plugs for the
reinforcing bosses.)

The shape of the inside of the inner wall is
the same size and shape as the inside of the
pattern. Therefore, the four openings developed
by the loose pieces for the inner wall thickness
will kiss the green sand of the cope when the
completed care is set and the mold is ready for
pouring.

MAIN BODY CORE BOX. From the layout,
the segment course size and thickness is deter-
mined. Using dry lumber, the core box is built
up and allowance is made for added finish and
turning. During the time the glue is drying,
three templates are made from thin template
material; one for the inside wall of the outer

FINISH ADDED
DRAG CORE PRINT

COPE CORE"
PRINT \

1

1

1\ I

SUSPENDED CORE

23.93
Figure 16-8. Completed pattern for a jacketed

end bell.
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shell, one for the outer wall of the inner shell,
and one for the inner wall of the inner shell.

The main body core box is mounted on a
faceplate and the shape of tir° inside wall of the
outer shell is turned to a template. (See fig.
16-10.) Before renming the core box from the
faceplate, establish the horizontal and vertical
centerlines. Drill a hole through the bottom of
the box to serve as a pivot point for the sweep.
Sand the main body core box and apply a thin
coat of pattern coating.

PLUG IMPRESSION CORE PRINTS. The
locations of four of the plug type impressions
(reinforcing bosses between the inner and outer

4 005E PIECES FOR
INNER WALL TRICKNESS

23.94
Figure 16-9. Layout of core box for a jacketed

end bell.

23.95
Figure 16-10. Turning the main body core box

with the aid of a template.

walls of the end bell) are arranged on the
vertical centerline and are radial to a common
center point (CP). (See fig. 16-9.) The remaining
four plugs are arranged in the same manner
but are located on the horizontal centerline.

Manufacture two jigs for the purpose of
drilling the eight radial holes for the plug type
impressions. (See fig. 16-11.) Jig 41 is made
to correspond to the angle of the four upper
radial holes. Jig 42 is made to correspond to
the angle of the four lower radial holes. Mount
the core box on jig #1 and drill the four upper
radial holes through the side of the box. Re-
move the core box from jig 41 and remount on
jig 42 and drill the remaining four holes through
the bottom ox the box. (Note: Two different
size drills are required for each hole. One
drill is used for the stop for the plug and the
other drill is used for the remaining portion of
the hole.)

0

23.96
Figure 16-11. Main body core box mounted on a

jig for drilling the radial holes for the plug
type impressions.
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Turn the eight plugs between centers and
check against the holes in the box for correct
size. Also check to make sure the stops are
in the proper position. The outside end of the
turned plugs are cut to match the outside shape
of the box so that the inside end will he in the
proper position during the ramming of the core.
(See fig. 16-9.) Mark each plug and corre-
sponding hole.

LOOSE PIECE FOR INNER WALL, The
four loose pieces that form the inner wall
thickness are made of segmental construction.
The pattern stock is glued up in the usual
manner, but after drying, the stock is divided
into four (90°) quadrants. The four quadrants
are sanded, glued together with paper between
the joints, and turned. The turned shape is
then taken apart at the quadrant joints. The
paper used in the glue joints will part easily,
and only light sanding will be necessary to
restore the quadrant joint.

The pattern stock for the inner wall thick-
ness is mounted on a false faceplate and turned
to correspond to the shape of the inside of the
pattern. (See fig. 16-12.) Rechuck the stock
turn the shape of the outer wall, bore a hole in
the center for the sweep pin, and remove from
the false faceplate. (See fig. 16-13.) Transfer

FACEPLATE

tiv

the shape of the cutouts to the pattern for the
inner wall thickness, cut and sand to a comm.,n
radial center point. (See fig. 16-14.) Break the
edges of the cutouts to eliminate sharp corners.

On the turned cavity of the main body core
box, establish a second set of centerlines mid-
way between the previously established center-
lines. These centerlines will serve in locating
the four quadrants. Insert a shun length of
dowel in the sweep pin hole and locate the loose
piece for the inner wall thickness in the core
box by matching the quadrant glue joints to the
second set of centerlines.

After matching the centerlines, brad the
loose piece temporarily in place. Use a transfer
punch corresponding to the size of the hole
for the plug type impressions and establish a
center point on the outer surface of the inner
wall, This center point is used for locating the
eight small bosses that shape one-half of the
reinforcing bosses between the inner and oute-
walls of the end bell.

Remove the loose piece from the core box
and shape and glue the eight small bosses in
position, checking the height against the proper
plug. Replace the loose piece in the core box
and brad in position. Drill a small dowel hole
through the eight bosses and into the end of the
plugs. Drill a small dowel hole through the

FA SE
FACEPLATE

23.97 23.98
Figure 16-12. Turning the inside shape of the Figure 16-13. Turning the outside shape of the

loose piece for the inner wall thickness, loose piece for the inner wall thickness.
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Figure 16-14. Layout of the side cutouts on the loose piece for the inner wall thickness.

four quadrantsquadrants into the center boss turned in
the main body core box. Mark the four quadrants
and their corresponding seats in order to prevent
accidental mismatching of parts.

Remove the loose piece from the core box
and break the paper joint. Lightly sand the
joint and place dowels into the drilled holes.
Run the proper size fillets in place and apply a
thin coat of pattern coating. After the thin coat
of pattern coating has dried, apply a second
coat according to the standard color code.

SWEEP. Construct a sweep in the shape of
the inside of the pattern (inner wall shape of the
loose piece) and insert the sweep pin in the hole
at the bottom of the box. When completed, the
core box with its loose pieces will appear as
illustrated in figure 16-15.

WEARING SURFACES ON
NONFERROUS CASTINGS

Ferrous inserts on nonferrous castings can
be used for wearing surfaces but the chief
disadvantage of these inserts in both production
and fabrication is warpage. This may result
from the different expansion characteristics of
the two metals fused together, or from the
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unbalanced arrangement of the components so
that the stresses of one section do not offset
those in another section.

Basically, all composite castings require a
mechanical means of boneing one metal to
another. When designing wearing surfaces, any
design that uses anchors should be small and
the anchors used sparingly. Simple anchors
used for mechanical bonding are formed by
drill points or by plain grooves. Although
dovetail anchors are generally used, the T-head
anchor has more holding power. The shrinkage
of the neck of the T-shaped anchor holds the
metal faces together. As an extra aid in bond-
ing steel to brass or bronze, the insert may be
copper plated.

Any insert used fox wearing surfaces will
act as a chill to the main body of the casting
and should be designed accordingly. The insert
is designed, machined, and can be used when
the pattern and insert are rammed up in the
mold together. The pattern is withdrawn from
the mold, leaving the insert in the proper
position in the mold cavity. An insert placed
in the mold cavity should be as clean as possible
to eliminate any oxidation between the two
different metals.
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SWEEP 4 LOOSE PIECES
(90° QUADRANTS)

SWEEP
PIVOT
PIN

SWEEP
PIVOT PIN

HOLE
BODY CORE BOX

PLUGS TO BOSSES ON 90° QUADRANTS

Figure 16-15. Exploded view of the completed core box for a jacketed end bell.

TRANSVERSE HOLES
IN CASTINGS

Another style of insert is the sheet metal
form; such inserts are used primarily for
transverse holes in castings; Sheet metal forms
were developed for casting holes for hinge
pins on stove or furnace frames. These forms
were so successful that their use was adapted
to other types of castings where hcies must
be produced crossways above or below the
parting line.

Inserts can be used to form a hole or recess
in a casting with sharper corners, smoother
surfaces, and greater accuracy than can be
obtained directly from green sand. An insert
may be designed, manufactured, and used on the
principle of ram-ups as previously mentioned.
Before ramming in the m'Id, the hole through
the insert should be rammed with molding sand.

The rammed sand in the insert will help to
distribute the heat from the insert to the sand
in the mold. In addition, the sand will keep the
thin wall of the insert from collapsing during
the pouring and solidification of the main body
of the casting.

The insert (being protected by the sand on
one side) does not melt but welds Itself to the
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casting, forming a permanent union between the
insert and the casting. The sheet metal insert
is a form of internal chill and should be treated
as such.

On shaking out, the casting will have the
insert bonded to the casting in the proper position.
The sand, rammed in the hole of the insert,
will fall out, leaving a clean hole of the required
shape and size for the design.

The type of inserts most commonly used for
forming holes or recesses are described in the
following paragraphs.

HINGE TUBES are used for forming holes
transverse to the draw of the pattern. The
insert consists of two parts, a hood and a tube
(fig. 16-16). The pattern is provided with a
notch (recess) for locating the tube in the re-
quired position. The notch is parallel to the
direction of the draw and shaped so that the
insert will stay undisturbed in the mold upon
withdrawal of the pattern.

HALF HOOD TUBES are a modification of
the hinge tube, and are used when the proper
size hinge tube is not available. (See fig. 16-17.)
The half hood is primarily used in conjunction
with cores or when a pin or bar is to be anchored
in the casting. When the pattern is withdrawn
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RECESS CUT
ON PATTERN
TO LOCATE
INSERT

HOLE IN TUBE FILLED
WITH SAND

PATTERN

23.101
Figure 16-16. Hinge tube type of metal insert.

45 ....HOOD
VENT MOLES

CUTOUT TO MATCH I,e OF
CORE OR PIN

23,102
Figure 16-17. Half hood type of metal insert.

from the mold, the core or pin is left anchored
at both ends with the half hood below it.

SQUARE SLOTS, as the name implies, are
inserts used to cast square holes or slots when
it is desirable to avoid the use of cores. The
insert is placed in position on the pattern, then
rammed up. The pattern is withdrawn from the
mold leaving the insert undisturbed in the mold.
The molten metal enters the insert from both
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HOLE IN PATTERN
TO LOCATE THREADED TAPERED PLUG
FORM FOR HOLDING

THREADED FORM
IN MOL D

PATTERN

THREADED SHEET METAL FORM

23.103
Figure 16-18. Threaded insert for casting

threads in castings.

ends and fills solid. It may be necessary to
provide vent holes on the inserts to allow gases
to escape,

THREADED SHAPES sufficiently accurate
for many purposes, can be cast with special
inserts as shown in figure 16-18. The insert is
set in place on the pattern and a wooden plug
is screwed into the threaded insert. The wooden
plug is tapered and forms a shank which is
gripped by the molding sand to hold the insert
in place when the pattern is withdrawn from
the mold.

Green sand and foundry nails may be used,
instead of the tapered wooden plug, for securing
the insert,



INDEX

A

Abrading tools, 75
Abrasive belts, 84
Active duty advancement requirements, 5
Advancement, 3-9
Arcs and tangents, blending, 232-235
Areas and volumes, determining, 243
Auger bits, 58

Backsaw, 49
Balanced core prints, 330
Balanced cores, 411
Bandsawing and machine sanding the pattern, 344
Bell-shaped patterns, 401-403
Belt sanders, 83-87
Bench, floor, and pit molding, 21
Bibliography for Advancement Study, 8
Billet patterns, 399
Bisecting, 230
Blades, circular saw, 115-118
Blending arcs and tangents, 232-235
Blueprint conference, 353-355
Blueprints,

care of, 280
colors, 279
purpose and use of, 278-284
reading. 280-284
types of, 279
visualization of, 279

Box or rod turning, 169
Branch pipe patterns and core boxes, 388-393

cross connection patterns and core boxes, 390
lateral connection patterns and core boxes,

390-393
tee-connection patterns and core boxes, 388-

390
Built-up work, 170

C

Calculations of casting weights, 250-252
Calipers, 35-39
Castings, basic design of 27.31

background for design, 28
design rules, 29

Centrifugal casting, 23
Chain links, 337
Chaplets, 300
Chills, 301
Circular headers, staving on, 418
Circular saw, portable electric, 79-82

crosscutting, 80
ripping, 81
use of, 80

Ciret saws, woodworking machines, 108-115
rauial saws, 111-115
table saws, 108-111

Circular turning, 168
Collapsible co: box, 332
Combination countersinks and counterbores, 62
Combination square, 39
Common fractions, 222-224
Cope and drag core prints, 330
Cope and drag pattern, 295
Coping saw, 50
Core boxes, 298

for jacketed end bell, 423-426
for single suction impeller, 411
methods of constructing, 334-337
types of, 332

Core driers, 173
Core prints, 328-332

balanced, 330
cope and drag, 330
horizontal or parting line, 330
suspended or hanging, 332
tail or drop, 332

Corebox machine, 92
Coremaking, 19
Cores, 300, 310-328

categories, 311
characteristics of, 310
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Cores Continued
classes of, 310
types of, 311

County rsawing of patte..rn mcmilk.srs, 412-415
Countersinks, 62
Cover cores, 314
Cross connection patterns and core boxes, 390
Crosscut saws, 48
Curved flanged patterns and core boxes, 375-387

pipe elbow core box, 379-382
pipe elbow patterns, 375-379
return bend patterns, 382
reducing elbow pattern, 382

Cutting and carving tools, 45-63
gouges, 54
hand brace, 56
hand carving chisels and gouges, 56
hand drill, 57
handsaws, 45-50
wood boring bits and drills, 57-63
wood chisels, 50-54

Cylindrical pattern and core box, constructing,
353-364

blueprint conference, 353-355
core box, 362
drawing the layout, 355-359
finishing the pattern, 362
lathe turning of the pattern, 360-362
selecting and preparing the stock, 359

D

Decimal fractions, 224
Determining areas and volumes, 243
Disk sander, 88,138
Distortion, 303
Dovetail saw, 49
Dowels, inserting and aligning, 341-343
Drawing plane figures, 235-240
Drawing spirals and involutes, 240-243
Drill points, 63
Dry sand molding, 21
Dump box, 332

E

Expansion bit, 59
Expansion joint patterns and core boxes, 372-375

F

Faceplate turning, 123-125
Fillet gage, 41

Fillets, 205-208
Final multiple, 4
Finishing sander, 87
Firm joint calipers, 36
Flanged fittings, 365-393

branch pipe patterns and core boxes, 388-393
curved flanged patterns and core boxes,

375-387
straight flanged patterns and core boxes, 365-

375
Folding rule, 35
Forcing and holding tools, 73-75
Forstner bit, 60
Foundry processes, 20-23
Foundry work, 19
Freehand skitches, 284-287

order of working, 286
technique, 285

Fundamentals of math, 222-229
common fractions, 222-224
decimal fractions, 224
percentage, 225
power and roots, 226
ratio and proportion, 227-229

G

Gang box, 333
Gated pattern, 294
Geometric construction, 229-243

blending arcs and tangents, 232-235
drawing plane figures, 235-240
drawing spirals and involutes, 240-243

Gouges, 54, 56
Green sand molding, 21
Grinder, 140-144
Gypsum cement, 162-173

characteristics of plaster, 162
expansion cements for shrinkage compensation,

172
mixing and pouring of plaster, 165
plaster applications, 166-172
plaster patterns, 162
shop equipment, 163
storage of patterns, 166

H

Hand brace, 56
Hand carving chisels, 56
Hand drill, 57

portable electric, 88
Hand sanding, 203
Hand-carving the pattern fillets, 345

430



Handsaws, 45-50
Handtools, 33-76, 77-101

abrading, 75
care and repair, 75
cutting and carving, 45-63
forcing and holding, 73-75
marking /layout, 42-45
measuring, 33-41
planes, 63-73
power-driven portable, 77-101

Horizontal or parting line core prints, 330

I

INDEX

Impeller patterns, 403-410
construction of single suction impeller pattern,

407-410
layout of a single suction impeller, 403-407

Inactive duty advancement requirements, 6
Intercasting of linked members, 337-339

chain links, 337
swivel hook, 338

J

Jacketed end bell pattern, construction of, 422
Jigs, 219
Jigsaw, 118
Joining segments in a course, 396
Jointer, 127-130
Joints,

box corner and miter, 179, 187
coping, 179, 187
dad°, gain, and rabbet, 178
dovetail, 179, 185
grooved, 183
half-lap, 181
lap, 177
mortise and tenon, 180, 188

Kiss core, 317

K

L

Lateral connection patterns and core boxes, 390-
393

Lathe sanding, 204
Lathe turning of the pattern, 360-362

Lathes, 119-127
operation of, 121-127
tools, 120
types of 119

Layout and core box for insert, 422
Layout, drawing, 355-359
Layout of a single suction impeller, 403-407
Layout of staves and headers, 416
Layouts, pattern making, 287-2o1
Linked members, intercasting. 337-339
Lock joint calipers, 36
Loose pieces, 302
Lost wax process, 23
Lumber,

classification of, 150
cutting and sea-,uning of, 147
defects and blemishes, 148
grading of, 150
measuring, 151
pattern, 152
sizes, 150

M

Machine spur bit, 61
Maintenance,

abrasive equipment, 142
disk sander, 139
handsaws, 50
jointer, 129
pattern equipment, 306
planer, 133
power shaving tools, 133
radial saws, J115
table saws, 111
vertical handsaw, 106
vertical borer, 138
woodworking shaper, 136

Making pattern layouts, 287-291
Manufacturer's technical manuals, 10
Marking/layout tools, 42-45
Match plate, 294
Matohboard, 294
Mathematics, fundamentals, 222-229
Mathematics, shop, 222-277
Measuring tools, 33-41

calipers, 35-39
combination square, 39
fillet gage, 41
rules, 33-35
sliding T bevel, 40

Metal, 160-162
Metal shrinkage, 303
Metric system, 265-277
Mitered construction, 375
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Mold, 19
Mold, elements of, 23-27

cavity, 24
pouring basin and sprue, 24
risers, 26
vents, 27

Mold, ramming and pouring, 247-251
Molding, bench, floor, and pit, 21
Motor end bell with steel bushing, 421-426

construction of core box for jacketed end
bell, 423-426

construction of jacketed end bell pattern,
422

layout and core box for insert, 422
Multi-spur hit, 62

N

NavShips publications, 10
timrTra publications, 10

0

Oilstone grinder, 140
Open end box, 333
order of working freehand sketch, 286

Parallel development, 252-259
Part cores, 298
van ratterr 297
Parted pattern, making and molding, 341-352

bandsawing and machine sanding the pattern,
344

checking and finishing the pattern, 346
constructing the pattern, 341-347
dowels, inserting and aligning, 341-343
hand-carving the pattern fillets, 345
ramming and pouring the mold, 347-351
transferring lines to pattern stock, 343

Pattern allowances, 302
Pattern and mold partings, 300
Pattern construction techniques, 176-220

finishing the pattern, 201-220
constructing wooden flasks, 217-219
fillets, 205-208
hand sanding, 203
jigs, 219
lathe sanding, 204
methods of constructing patterns, 213-217
pattern coatings, 209-212

ME=MNIII

Pattern construction techniques, finishing the
patternContinued

pattern color codes, 212
pattern letters, figures, and insignia, 208
petterns from old castings, 220
rapping and lifting plates, 209
sanding materials, 202

wood Joinery, 176-201
Pattern equipment, 292-309

classification of. 292-298
core boxes, 298
loose, 293
master, 296
mounted, 294
special pattern equipment, 296

considerations, 298-306
accuracy, 299
planning, 300
strength, 299

maintenance and storage of, 306
Pattern layouts, making, 287-291

layouts from blue wints, 287-290
layouts from castings, 290

Pattern lumber, 152
Patternmaker rating, 2
Patternmaker's saw, 49
Patternmaktng and founding, 14-32

basic design of castings, 27-31
elements of a mold, 23-27
foundry processes, 20-23
foundry work, 19
repair department, 14-18
repair ships and tenders, 14
terms used, 31

Patterns for composite castings, 421-428
motor end bell with a steel bushing, 421-426
transverse holes in castings, 427
wearing surfaces on nonferrous castings, 426

Percentage, 225
Permanent mold casting, 22
Pipe elbow core box, 379-382
Pipe elbow patterns, 375-379
Pipe spool patterns and core boxes, 366
Plane figures, drawings, 235-240
Planer, 130-134
Planes, 63-73
Plaster,

applications, 166-172
characteristics, 162
mixing and pouring, 165
patterns, 162

Plaster mold casting, 22
Plates, rapping and lifting, 209
Plug cutters, 63
Power and roots, 22o
Power block plane, 94
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Power-driven portable handtools, 77-101

circular saw, 79-82
corebox machine, 92
hand drill, 88
power block plane, 94
power plane, 93
router, 89-93
saber saw, 82
safety precautions, 78
sanders, 83-88
spray guns, 95-100
terms used, 100

Precision investment casting, 22
Principles of surface development, 252-265

parallel development, 252-259
radial development, 259-262
triangulat!on development, 262-265

0

Qua ls Manual, 7

Radial development, 259-262
Radial saws, 111-115
Ram-up blocks, 296
Ram-up core, 319
Rate Training Manual, 8
Ratio and proportion, 227-229
Reading blueprints, 280-284
Rechucking, 126
Record of Practical Factors, 7
Reducing connection patterns and core boxes,

367-372
Reducing elbow pattern, 382
Repair department, 14-18
Repair ships and tenders, 14
Return bend patterns, 382
Ring cores, 322
Ripsaws, 47
Router, portable electric, 89-93
Rules, 33-35
Run work, 166

S

Saber saw, portable electric, 82
Safety,

circular saws, 115
disk sander, 139
grinder, 144
handsaws, 50

Safety Continued
jigsaw, 119
jointer, 129
lathes, 127
planer, 133
power-driven portable handtools, 78
radial saws, 115
vertical handsaw, 106
vertical borer, 138
woodworking shaper, 136

Sand casting process, 21
Sanders, 138
Sanders, portable electric, 83-88

belt, 83-87
disk, 88
finishing, 87

Sanding material, 202
Screwdriver bits, 63
Segmental and staved patterns and core boxes,

394-420
bell-shaped patterns, 401-403
billet patterns, 399
core box for a single suction impeller, 411
countersawing of pattern members, 412-415
joining segments in a course, 396
segmental divisions, 394-399
simple impeller patterns, 403-410
sine method, 395
straight staved construction, 415-418
tangent method, 395
tapered staved construction, 418-420
typical segment pattern, 397
wheel patterns, 400

Segmental construction, 377
Setup cores, 325
Shaper, woodworking, 134-13"
Shell molding, 21
Shop mathematics, 222-277

calculations of casting weights, 250-252
determining areas and volumes, 243
fundamentals of math, 222-229
geometric construction, 229-243
metric system, 265-277
principles of surface development, 252-265

Shrink rule, 33
Shrinkage and contraction, 302
Sine method, 395
Single loose pattern, 293
Single suction impeller pattern, construction of,

407-410
Skeleton patterns, 297
Sketches, freehand, 284-287
Skin-dried molding, 21
Slab cores, 314
Sliding T bevel, 40
Slush casting, 23
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Special gating system cores, 325
Spindle sander, 139
Spindle turning, 121
Spirals and involutes, drawing, 240-243
Spray guns, 95-100

adjustment, 98
fire hazards, 99
health hazards, 100
lubrication of, 97
operational defects of, 99
parts of, 96
spray method, 98
stroke, 99
surface preparation, 98

Spring calipers, 35
Standard rule, 35
Stock or standard cores, 311
Stop-off or drop tail cores, 322
Straight flanged patterns and core boxes, 365-375

expansion joint patterns, 372-375
pipe spool patterns, 366
reducing connection patterns, 367-372

Straight staved construction, 415-418
layout of staves and headers, 416
staving on circular headers, 418

Structural materials, 145-175
gypsum cement, 162-173
metal, 160-162
plastics, 173
terms used, 174
wood, 145-160

Superimposed or cap cores, 317
Surface development, principles of, 252-265
Suspended cores, 317
Suspended or hangitig core prints, 332
Swivci hook, 338

T

Table saws, 108-111
Tail or drop core prints, 332
Tangent method, 395
Tangents and arcs, blending, 232-235
Tapered staved construction, 418-420
Technique of sketching, 285
Tee-connection patterns and core boxes, 388-390
Templates, 125
Training file -.:,, 10
Transferring lines to pattern stock, 343
Transverse holes in castings, 427
free growth and structure, 146

Triangulation development, 262-265
Twist drills, 59
Typical segment pattern, 397

V

Vertical bandsaw, 103-108
causes of blade breakage, 106
maintenance of, 106
operation of, 103-106
repairing blades, 107
safety rules, 106

Vertical borer, 137
Volumes and areas, determining, 243

W

Wearing surfaces on nonferrous castings, 426
Wheel patterns, 400
Wood, 145-160

classification of lumber, 150
common types of, 152
cutting and seasoning of lumber, 147
grading of lumber, 150
lumber defects and blemishes, 148
lumber sizes, 150
manufactured products, 158
measuring lumber, 151
pattern lumber, 152
tree growth and structure, 146

Wood boring bits and drills, 57-63
Wood chisels, 50-54
Wuud joinery, 176-201

fastening materials, 191-201
joint applications, 190
laying out and cutting joints;, 180 -190
standard joints, 176

Wooden flasks, constructing, 217-219
Woodworking machines, 102-144

circular saws, 108-115
blades, 115-118

grinders, 140-144
jigsaw, 118
jointer, 127-230
lathes, 119-127
planer, 130-134
sanders, 138
shaper, 134-137
terms used, 144
vertical bandsaw, 103-108
vertical borer, 137
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