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- FOREWORD

»

This curriculum guide is a result of extensive work on the part of
numerous agricultural educators. The materials included here were |,
devefbped for the express purpose of aiding secondary vocational
agriculture teachers.,,The hope is that by hav1ng practical and usable
teachlng materials 1n their hands, teachers will be able tog make
improvements in their jinstructional program as well as have increased
time available to ;Bsﬁsnon other phases of the.total vocational
agriculture progran:
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-of Education to each vocational .educatot whose efforts and expertise’were

contributed throughout the deve opment of this curriculum guide. The
regults of your efforts will sigrificantly benefit vocat10na1 agriculture
teachers and students in Louisiana®
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-INSTRUCTIONAL AREA: Environmental Protection ™

] . . o . ) e
INSTRUCTIONAL UNIT: Safe Use .of Chemicals

4

" -

.-LESSON: Water,,Land,lAir, and Food Pollution Control

\ -

v T
I. /Preparation for Instruction

©

© /A, Student Objectives —
. L .

1. Terminal: "To use chemicals (Pesticides and -
Fertilizers) safely with regard to, the
environment. - '

\

:Specific: *

a. Identify reasons for using chemicals
safely.
List ways chemicals &an harm the _
environmenti
Purchase the corréct chemicals and
understand the label.
List ways chemicals move through the
environment.
Explain the Federal Insecticide, ‘Fungi-
cide and Rodenticide Act (FIFRA), as
amended.
Define residues.
Define tolerances.

v

%

ReGiéw of Teaching Materials

1. - McVickar, M. H., and W. M. Walker. Using
Commercial Fertilizers. 4th Edition,
Danville, I1ll,: Interstate Printers and
Publishers, Inc., 1978

Lee, J. S. Commercial Catfish Farming.
Danville, Ill.: Interstate Printers and
Publishers, Inc., 1973, - '
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C. Special Arrangements

1.

-

2.

) o . ' X
Apply Pesticides Correctly, A - 2

Guide- for Private Applicators. Dept. of
Agriculture, U.S. Environmental Protection
Agency. Washington, D.C.:° Government
Printing Offlce, 1980.

Apply Eesticides Correctly, A Guide for
Commercial Applicators. Dept. of. Agricul-

“ ture, U.S. Environmental Protection Agency.

Washington, D C.r <Government Prlntlng

*OfffCe, 1980

. _/’

Materials" EPA Brochures on responsibilil
" ties under pestigide laws
Offlce of Public.Affairs -
.S. Environmental Protection Agency ¢
asHington, D.C. 20460 —_—

Movie on pollition, the environment, etc.’

\ II. ;iﬁesenfétipn of Lesson and Suggested Student
c .

tivities
Py

10

(84

Motivation . ' - ‘o

Short’ colarful movie depicting our

environment and what can be lost by
imprqper'use of chemicals. ‘

. Discuss why we must piotect the land,
~water, air, and food.’

s

‘I
-




’/9.‘ Content Outline _ ' 3

.1, Terms

not soak into. the eaxdth, which may ple

a., Surface Runoff »- raijnfall..which does
dp harmful residues 3;\gests.

‘b. Effluent'-; waste water

c. Contamination -- impurg
d. Aquétic -- with water

e. Fertilizets -- nutrients (food) for
living organisms

f. Herbicides -- substances USed'to kill
unwanted plants (weeds}“’

g. Insecticides ~- substances used to kill

unwanted insects b
~ - F
h. Pestlcldes -- substances used to klll -~
_ pests ) -
' i, Carcinogenic.-- can cause cance

je <EC50 -- concentratlon of an agfive . ,
* ingredient in air which is expected to -
-Cause death in 50 percent of the /
animals treated

c k. . LDSO ~- dose of an active 1ngred1ent

e G taken by mouth or absorbed through the
. skin which is expected to cayse death
“in 50 percent of the animals treated

l,? Leachlng ~- movement of a substancé
‘ : ¥ downhward or out of the soil as a result
M of water. movement

. m, "Pollutant -- an agent 6r chemical that
S . 7, makes gomething impure og; dirty
n, Tolerance -- 1) the ability to with-
s ‘ . stand bad-.conditions
l S 2) amount of pesticide
that may safely remain

e in or- on raw.farm .
’ ) products at time of *
gale

.
r‘l"




O.

Residues -- matter remaining 4.
after the time of application

2. Reasons for using safety precautions with

™ N
,chemicals,
. ‘a. Chemicals i} the dir can drift which
B D may kill crops, livestock, or maﬁ&
! ) * b. Life in water such as fish and plants
. ' s can be'wiped out by careless use of
chemicals and disposal of waste.
’ .C. Pesticides that may cause sickness and
* " production losses can bUlld up in
living bodies. ‘
. d. Impure and polluted environments can
not be enjoyed by man or animal,
N e , 3. Ways in which chemicals ‘and pollutants move
: " through the environment. ~3
' a. Air and gas moxement -- heavy gases
, fall and light_Yjases rise.
b. Water, rain, riv rs, ‘and streams,
oceans, and waste systems spread
_ A . -pollutants. ’

- . €. Wind--blows solid and liquid particles. .
o ;g 7 -.d.- Solids travel with carriers, such as on
: ' animals or agricultural produgts.

;; N 4. Understanding labels (Pest1c1des and
R ] Fertilizers).
,> 4 i“ . . ) ]
] . o a. AComplete fertilizers contain Nitrogen
: % ' (N), Phosphonous (P), and Potassium
. (K) .
K : 1) Bag analysis always in the same
’ order N-P-K.
" 2) Analysis is given in pounds per 100
lbs. 10-10-10 10#N, 104P, 10#K
. T 70% of other elements
S ‘ ) . ~
VI - . "3) Labels must list ingredients and
; . © - ° the’guarantee analysis.
, . b, Pesticide labels give much information
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Brand Name -~ name used in

. advertising:

-- most identifiable on
label <

1

Type of formulation --.liquids, *
dust, etc.
Common Name -~ same for all
different brands
Ingredient statement -- what makes
-up the pest1c1de
Netﬂcoﬁtents -- pounds, ounces,
" grams, liters

%;me and address of manufacturer

Registfaﬁion and establishment
numbers ) -

Signal words and symbols (
Danger -- -highly toxic -- skull
' and crossbone
Warning -- moderately foxic
Caution =-- low toxicity °
All labels mist read--- Keep
Out of_Reach of Children

Precautionary statement -- tells
the ways a product may be harmful
and {ncludes precautions to take
when \using the product

- Statement of Practical Treatment -

gives first-aid measures

Statement of Use Classification
general -- for 'use by the
general public ' ¢
. Yestricted -- for use only by
certified applica-
v tors or those under
their supervision

Directions for Use .
"Instructions for correct use
Include -~ misSuse statement

’ ‘== reentry statement
-=- category of applicator
-~ storage and disposal |
dlrectlons

)




5. Food contamination by pesticides - 6

o ‘ a. Follow lébel'directions for the time
period between application and harvest
(10 days, 2 weeke, 45 days, etc.)” . ° .

. . b. Residues (pesticides that remain on raw
' »  farm products) are considered as food
additives by the EPA and RDA Food and
Drug Admlnlstratlon.

c. If more residue is found on food than
allowed, the food maygbe seized and

.condemned. " ,

d. American consumers rely, on the farmer
to proteaet their health by following
the label directions when applylng
pestlcldes.

6. Federal Insecticide, Fungicide #hd .

Rodenticide Act, as Amended (FIFRA) 1972 .

- M s

_ a. All pesticide uses classi.fied as elther
\\\ I " general or restricted. . o,

b. Pérsgns must be certified as competent
T to use any of the pesticides cla551f1ed
' for restrictive use. . -
Py -
c. Penalties are prOV1ded for those who
. disobey the law, ~

d. All manufabturers must register every
pesticide with the EPA (Env1ronmental
Protection Agency).

e. The applicator 1sAresponsible for
o . proper pesticide use and must follow
- B L federal, state, and local laws.

£. ?enalties carl be as much as $25,000 or
?:one,year in jail or both., ‘

7. Other Regulatlons

A o A Department of Transportation (DOT),
' o ‘ regulates shipment of dangerous -sub-
stances.
Lo ‘ ‘Ship pesticides only in the .
ST o orlglnal container.

{




'b.  Federal Aviation Administration 7
(FFA) regulates aerial application of
pesticides and fertilizers.

c. The Occupational Safety and Health
Administration (OSHA) regulates
’ employers with 11 or more workers.
: They must make reports of work
il related accidents other than those
- requiring only first-aid.

d. Residue Tolerances set by EPA (Environ-
mental Protection Agency)

. 1) Expressed as parts per million
. (ppm)

' 2) ‘Follow label directions on humber
of days to apply before harvest

. 8. Do's and Don'ts in the use of pésticides

a. Do's ( ..

l) Use only on those pests listed on . -
the label. P

2) Use protective ,clothing. ‘

3)" "Read the label: ~
a) Before you buy,
’ b) Before you mix, and .- :
, c) Before applying. . =
4) _ Ksep out of the reach of children.
..5) ﬁeep under lock and key.
6) Wash with soap and water after
-applying.
7) Keep in original containers.
8) Avo;d drlft. *
9) Discard empty containers according
. to label direct¥ons.
b, Don ts , N .
- o . .

1) MlX pest1c1des in an enclosed area.

2[ Allow pestlcldes to splash or

&:?jf T 'f . - . splll
| | 22; h

: A S
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3) Apply cg a windy aaf.
.4) Smoke when handling pesticides.

5) Eat or drink’ unt11 hands are
washed,

6) Allow children to play near a
treated area,

-
*

Symptoms of Pesticide -Poisoning
;. Headache

P. Giédiness (giggling)
c. -Blerred vision

d.- Nauseg (epset stomach)
e -Confusiog_j

f. Diarrhea

c. Suggested Student Activities

3 ) 1 ]

2'

Apply for certification.

Collect labels and 1dent1fy parts of the
label. - .

D. Study Questions

1. -What is FIFRA?

2.
3.
4.

5.
6.

What kinds of information can be obtained
from|a pesticide label? :

How db you become certified to apply '

rrestrﬁcted pestic;des?

List ways that chemicals move through the
environment.A b

l

Give Two words fhat mean impure. .

What is the best source of information on

the uge and misuse of spegific substances?

List symptoms of pesticfée poisoning. .

How are the words tolerance and residue

" rélated? L

l
i

28




9. What can happen to farmers who do not 9
obey the FIFRA regulations?

e " 10. What is the EPA? ,




" INSTRUCTIONAL AREA: Career Information
R )
INSTRUCTIONAL UNIT I: Introduction to Agriculture

LESSON 1: xThe Agricultural Iﬁdustry and You

I. Preparation for Instruction ‘i
A. Objectives

1. Terminal: Examine the agricultural
industry as a possible career.

. 2. Specific:

a.. Define terms associated with
personal assets.
b. Discuss the, importance of a career

choice.
c. Explore reasons «for 1nterest in
agriculture.
d. Identify personal quallflcatlons and
assets.
e. List agricultural quallf&,\plons and
. assets.
£. :
\
g..
P h. ]

v

!

B. Review Teaching Material
‘ 1. Hoover, Norman K.‘xﬁandbook of Agricul-
tural Occupations. Danville, Illinois:
. ! Interstate Prlnters and Publishers, 'Inc.,
S 11977,

2, Stone, Archle AL Careers in Agribusiness
and Industry. Danville, Illinois: Inter-
state Printers and Publlshers, Inc., 1970.

=y . . . o -




Special Arfaﬁgements

Invite a guigance counselor to address .
students regarding testing procedures
available. ' .

Provide copies of “%he Dictionary of
Occupational Titleg (DOT), the Occupa-
tional Outlook Handbook (OOH), and
Exploring Careers (Labor Dept.)

Arrange field trips in the local community
for purpose of identifying different
aspects of the agricultural 1nQustry.

Presentatlon of Lesson and Suggested Student.
Act1V1t1es \

A.

Motivation

One of ‘the most important decisions an
individual will ever make is a ‘'choice of a

_career. The career a person chooses will

determine where he will live, the people with
whom he will associate, the satisfaction and .-
salary earned from work, and in general, the
kind of person an individual becomes. An’

.effort to find out whether -an individual is

interested in and suited for an occupation in
the broad career area of agriculture can be a
step toward ‘a successful, career. Several ways
that ‘an individual's future may be affected by
a -career choice are as follows:

1. The occﬁpatlon one chooses may determine
: the stability of employment.-

2. The occupation one chooses may determlne

the persons ‘with whom one associates.

The#occupation one chooses may determine
hig/her degree of success in-work.

The océcupation one chooses may determine
whether he/she likes work.

5, The occupation one chooses may determine

his/her contributlon to society. -




'QGbntent pgtline

R Terms LT, . L

.'e;. 1litx -- refers to one's capacity to
‘ perform, T '

. Bb. Talents --= things ‘that one does well,

c. Physical make-up —-- réfers to- theé
. health, strength, and stamlna of~
‘#dé“ 1nd1v1duals.

d. Interests -- the thlngs people enjoy

Eost and do best.

€. Values -- those things most important
s to a person.

f. Self-concept == the way that one sees
oneself

~

< gy Personallty -- the traits which a .. -
person possgsses that separate hlm/her
from other people.

Career - totallty of one's work ex-
perlences‘,.

-

.Axtxtude -~ a feeling or mood.,

:Whgt“is'the agriéultufal industry7

Thls term refers collectlvely to-
‘a.> The 1ndu§tr1es produc1ng agrlcultural
' comqultles,.[

- The 1ndustr1es dnd businesses sup-
:plylng and serv1cing thGse erigdged in
grlcultural commodlty Eroductlon, and

_The 1ndustr1es and buslnesses
' perfbrmlng all the necessary functions
in maklng agrlcultural commodltles
"avallable to the consum?t B
The fleld of agrlculture offers. a large
number of occupations from which to choose
representlng production, off-farm occupa-
tmons, and professldnal occupations.




3, P0351ble reasons for interest
BRI agrlculture. .

1

a. Needlng to dec1de on an occupation,
Wanting advice on what to.do after
high school,, - , .

'Wanting to learn irédes,

Trying-to choose-the best subjects to
prepare for jobs,

Needlng to’ know more about occupa—
tions; and

Needing to decide whether or not to go
to college.

-

4. Agricultural qualifications and assets .

Knowledge-and skills used in performing a

dertain kind of work -are. sometimes qualif-
. .- ications for an occupation. A working
knowledge of modern -farming and agri-
cultural tralnlng or experience are
requlred in_many off-farm agricultiiral
occupations. Work with plants-ahd-animals
or expériefce in.an agrlcultural business
prov1des a background that will serve well
in many agri ultural bccupatlons.

Student.Act1v1t1 S
1; In a wrltten report deflne what is meant
by the agrlcu tiral 1ndustry.

=

y
‘ 4

P \

2:* Prepare a'lis of‘work ‘experiences

', reiated to - ag ‘culture.

>




" INSTRUCTIONAL AREA: Careef Information
~ INSTRUCTIONAL UNIT I: Introduction to Agriculture

JLESSON’%: Some Career Opportunities in Agriculture

‘. -

I. Preparation for Instruction

.Bbjectives

1. Terminal: Make a study of general

°’ information about occupations and relate
to suggested career opportunltles in
agriculture. .

2. Sgecific: -

a. State de81red characteristics to look
for in an occupation. -

b. Define terms associated with agrl-
cultural occupations.
Cla331fy occupations in agriculture.
Explore the description and nature of
work for selected occupatlons in
agriculture.

fm

B. 3R§Vi§% Teachiﬁg‘MateriaI'
1, Hoover, Nbrman K1 Handbook *of Agriocul-
tural Occupations. Danville, Illinois:

- The 'Interstate Prlnters and Publlshers,~
Inc., 1977 ’

1

:Stone, Archle A. Careers'in Aéribusfhess
~and Industry.  Danville, Illinois: . The
Interstate Prznters and Publlshers, Inc.,
1970, .
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- _Special Afrangements ‘o

. Students should have access’ to the results

from-any intérest or aptitude tests they have
taken. - Any’ information -other than test scores
that might influence their tentative selection
of a possible occupational cluster should be

available.

Presentation of Lesson and Suggested .Student

"

Activities , -

A s

4

: i
Motlvgthn

The agricultural industry is an important part
of the world o6f work. Of the total civilian
labor force in the United States, less than
five percent is actively erigaged in producing
food and fiber on farms and ranches, -and 15 to
20 percent is engaged in providing supplies
and .sérvices to farmers and/or processing, .
transporting, stering, and selling agricul-
tural prdducts. Agriculture in America is
continuing to grow and offers many new
agricultural occupations.

o
3
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", . B. Cohtent Qutline

. b.

Terms. N S

Q.

>

Agribusiness -~ refers to then"inbutsf
of.producing'food3and fiber -- proces-

. sing and marketing. .

- »

'Agricultural occupation -~ an oécupa-

tion involving knowledge and skills in
agricultural supjects =- farm machin-
ery mechanics, forestry and agri- -
cultural supplies salesperson, teacher
of agriculture. :

Y

-

Career -- A course of continued pro-
gress in the lifework of a person or
progress through life in a/’series of
related occupations or acFivities.

-

‘Career pattern -- The sequence of

occupations in the life of an
individual that makes up - a career.

Occuipational choice -~ The elimination
of some-occupations and the retention
of .others, until eventually, an occu-

. pational choice is made.

4

Job -~ A ﬁob is a piece of work which

is rather specific and definite inm™
nature, *

.

Agricultural world of work. -- A _

complex of agricultural occupations

that makes up the total field of the
agricultural industry.-

‘Characteristjcs, to look for in an

occupation for job satisfaction.

a.

‘CreétiVity -~ new and better ideas

. Companionship -- talking with others
"having.similar interests ‘

" Belonging -- being identified with )

-something larger

Servite .-- being important to someone

Security -- steady emplogménﬁ




PLIE
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P P Success ahd advancement - Qp~
‘*'_portunltles to advance to other
positions that are higher on the pay
n.‘scale

g. Worklng conditiqns == an atmosphere
- that is liked (outdoors, indoors,

. working alone or with people, manual

g work) B

3. ggpes of agricultural ogcupations

a., OCCupatlons in agrlcultural produc-
tion. These occupations are related
to farming and ranching and inc¢lude
the actual on-farm productlon of food
and fiber (the growing of plants and
animals).

b. Occupations in agricultural business,

- - inmdustry, and service. This group

includes off-farm agricultural -occupa-

tions for which some knowledge and .

skllls~are needed in one or more-of.
the following areas:. .plant and soil
s¢ience, animal science, agrlcultural
‘j mechanlcs,.and agrlcultural business.

.
.. §

Student Act1V1ties‘

_1. Each student w1ll prepare a list of his

’experlences with animals, plants, mechan-

ics, and bu51ne!s and management. e
s

fZ@j.Each student Wlll examlne the seven broad

~areas of the agrlcultural industry and the
occupatlons within each. Compare rela-
tlonshlps between experlences and inter-
ests listed and the occupatlonal descrlp-
tlon glven.“ P .

'

3. Each student w1ll decxde on a general area
of lnterest to,further explore by

,M,alf Llstlng individual observatlons and’
IR experlence related.
' :o; Maklnq a list of buslnesses that’
employ. persons 1n the occupat10na1
L " area. .

. .
4 . ’

.oes Vlsrting several buslnesses or farms

- engaged in the area’ selected

a3
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d. Making a list of eéﬁipment, sup-
. 'plies or other materials produced,
handled, or used i® the occupational-
area. :

Visiting. several businesses in the
. area selected, and diagramming the -
flow ‘of products or materiails.

Pretending to be employea in an
occupation of the student's choice and
answering the following:

l. Where would one work?

2. How would'one.get there?

.

Who would one see at work?

What personal needs does one feel
~ he/she would be meeting?

How would this employment affect
one's social life and leisure time . .
activities? ’

How would this work affect one's
family life and one's financial"
welfare? . *

[Aruntoxt provided by exic I3
- ..
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INSTRUCTIONAL AREA: Career Inférmation
, INSTRUCTIONAL UNIT II: Occupational Training, Placement,
\\A - . - and Advancement

*
Yoot s
3

. LESSON 1: Preparingafor a Career.

3 . - ‘.

'-I. Preparation for Instruction’
; ,

A. Objectives

1. Terminal: Select career option based on
work values and demonstrate knowledge of ’
competencies, education, and training
needed for that career. °

2. Specific:

a. Identlfy specific career or. occupa- -
tional cluster that seems most

_ appeallng to the student.

b. 1Identify competenc1es needed in that

‘ career . or cluster and possible train-
ing-or educatlonal opportunities
avallable..,
"Use the Dictionary of Occupatlonal
Titles (DOT), the:Occupational OQutlook
Handbook (OOH), or other. references to
idéntify careers or occupatlonal
clusters. ¢

4

Rev1ew Teachlng Mater1al

1. Smlth, Charles wW., J.C. Athe;ton, and
othérs. Pounding the Pavement: Employ-
ment Seeking Skills. School of Vocational
Educatlon, Louisiana State Unlver51ty,
Baton Rouge, 1979.- . .. . ‘




u;Ss. Department of, Labor.
Dictionary Af Occupational. Titles.
Washingtow, D.Ci: .U.S. Goveérnment
Prlntlng Offlce, 1977.

UyS% Department of Labor.. Occupational
Outlook Handbook. Washington, D.C.:
U.S. Government Prlntlng Office,-1980-81.
(Thls is updated- every two years. )

(%

Cw»fSpecialtArrangements,

1.  Materials

a. Several copies of the Dictlonary of
: Occupatlonal Tltles (DOT) . .

b.r‘Several copies -of the Occupatlonal
Outlook Handbook (OOH) .

‘VTravel

Student v181ts to., local -establishments of
career ch01ce(s) . ) ’ -

Audlo~v1sua1 equlpment
'e.. Overhead projector/transparencies

b. 8lides on job outlook from the
Occupatlonal Outl ok Handbook.

Presentatlon of Lesson and Suggested Student
ActIVLtLeS

. LA

' A, ,Motivatlon .o T -}

Dlscuss 1mportance of career planning -and
consequences of neglect in plans for the
future.f , -

PAruntex: providea by nic [RNURENAG

L
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- bontent pgtiiﬁé o ~ L 12,

-

1. Job values and career saiisfaction

" Job values'are those thihgs that we feel
about work. We can understand one's feel-
. ings by asking oneself these questions:

- e —— -

‘a.. Why do people work? '

b. How. do people feél who. are satisfied /
K with their work? ;

i

! How important is their job to them? |
What priority do theyﬂgive their work
in relation to other adspects of their

lives, i.e. family, recreation, ‘etc.?

Research tells us that most workers today
-.are, for the most part, -satisfied with '

their work and are motivated by self-ful-
 fillment. 1In other words, they are con-

cerned with their own futures. . -

One of the most important reasons why - /

people are dissatisfied with theixs job is

, that their choice of .a career was not |

.. ‘carefully “thought through in the first
place. They stumbled into their jobs and

"'. may be afraid to leave for fear of not |
finding another job. This should indicate
to-a person the importance of planning
before seeking: a job and then not set-
tling for just any job but. one that one

~ feels will give job satisfaction.

‘Everyone ‘has” certain basic needs such a ,
food, clothing, and shelter. Other. rieeds
.may be met through a person's work. The%e
- * needs include: T \

’
-

'@+.. Money ~- earning a living

b. ‘Eébﬁqmig éecurity ~- basic necessities
" plus luxuries -

Human relations -- working and social-

.izing with others

d. Reéogﬁitioﬁ -- wanting to feel impor-
" fant’ < ’

]




. Hel ang others -- paid and unpald
. employment”® ) ot

£. ,Ind pendence - on one's own f1nan-

g. Self expresslon -- the express1on of -
one's own personality i, '

"Squ*f h. Achie ement - reachlng gaals set for
« . : self nd family .

ff\fv.f , .2, selectlnq.~

Making tentative career choices is the
first step to choosing an occupation.

) Each ofithe following occupational
“clusterd taken from the D.O.T. cdntains
many occupations. A few are listed ds
examplés of the jobs contained in that
cluster. The cluster £itle numbers’

* correspond with the D.0.T. classification™
numbers for that group. (Transparency -

- "II-k-A OCCUPATIONAL CATEGORIES: U.S.
‘ DEPARTMENT OF LABOR)- -

C. Student Actiyities

1, Have students 1nterv1ew one person whom -
they feel is satisfied with, his .occu~

. «pation and one person who seems to be
¢ " dissatisfied. Be sure that they include
ce e o ' vital 1nformatlon such as age, job title,
e ; . and reasons for his feelings, .Oral

o0 : reports would be an effective method of

e s , conveylng ‘information to the class.

o L : 2. Have students list those needs that they
e e T . - feel are most: important to them coticerning

LN s 0\t théir wonk. SRR
;. 75;J51 . " 3, Have students chodée one occupatlonal Jh
/ oL ‘ ' cluster from the 11st Presented in whi

T . they seem\to be most interested. If they
e . ' are undécided.op a particular career, have
K ' ’ "them choose ‘about three oceupations from . ¥

A . the D. O«T. listings in the cluster of ( .

S e L T e L theidt” choos1ng!. 1f they already have a

R .vocational preferencé, have them find the
oy , . title and descrlptlon of the1r career

ot e .. .o el ChOlce. . N . —

-
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" 4. ° students should make a report of each 14
' 'occupational chioice including pictures of
workers on the job, “interviews with .
workers- in. the field, a description of the
Jjob, . salaries, and competencies needed for
the job. They should also.outline the ,
steps that would be necessary* to prepare e

for the job. . _ ' .

v

<
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* OCCUPATIONAL CATEGORIES:
. .U.S. DEPARTMENT OF LABOR.

‘PROFESSIONAL, TECHNICAL, AND MANAGERIAL :

architect, lawyer, artist, drafter, electriéidn, ° o
engineer, land surveyor, geologist, soil scientist,
‘forester, horticulturist, veterinarian

CLERICAL AND SALES: .

secfétary; clerk-typist, keypunch operafor(”personnel
'clergk mail clerk, Cashier, real-estate clerk, telephone
operator, tourisp info;maqidn assistant :
SERVICE: - s © ..
home hoﬁsékeepér,_waiter/waitress, chef, meat cutter,
bqrber, hairdresser, make-up artist, flight atténdent
‘(airline),-fish_and'gamé wdrden

. AGRICULTURAL, FISHERY, FORESTRY, AND' RELATED:
farm worker, park worketr, greenskeeper, tree trimmer,
forest-fire fighter, general farmer, fish.farmer, animal
trapper - - s ’ ) ' .

@

'PROCESSING:

' caster, steel pourer,- sfndblaster, die-casting machine
operator, pickler, nut chopper, wine fermenter,

- pasteurizer, cake. decorator

-

MACHINE TRADES:

© tool-grinder operator; wheel cuttef, barrel rifler,
needlemaker, inspector; brake adjuster, motorcycle
7ep§ifer, tractor mechanic ‘ o - :
7. BENCHWORK: ’
'jéWélerh silverSmith, solderer,‘engraver, lensmounter
‘(eyeglasses), pipe organ builder, toy assembler, custom
.- ski maker, framer ° N ‘ ‘
- STRUCTURAL WORK: .
- riveter, test driver, auto assembler, welding machine
- operator, line repairer (liglit, heat, and power)

|- TRANSPARENCY II-1-A




“MISCELLANEOUS : o . -

RS

«

_ dump ﬁrﬁck_dfiQef,,férryboat operator, film developer,

'bqu*binder},;egepd'maker( screen printer -

. N -

»

. v
N , . B

' TRANSPARENCY "II~1-3" (&ont'd)
T e ~ .




o Ingmﬁhcrxéniz. UNIT, IT: ‘odéupational Tralnlng, Placementr
A e T and Advancement ;

©

R .
- T -
o < 7 - ', : T e \"J .

-

:LESéGﬁ'Zi Personal and>SOClal Competenc1es Needed  for
: c Employment ‘ . .

Pfeparéticn;for Instruction

&

A, Objectives

1. Terminal: Develop apd organize informa-
tion needed ’td complete a resume and use
comp051t10n skllls to compose an applica-
tion letter, in addition to completlng job

application forms.: : .

‘Sggc1flc~ . 3
» )

Identify types of lnformatlon to be
included in a resume &nd place ihfor-
mation in proper order. ,

Develop and type a resume. ~— *
Compose and type an'acceptable
‘application letter.
Completexa.standard job application.
form accurately, neatly, and com-’

pletely. . o S

.

e

-ReVLew Teachlng Materlal
Smlth, Charles W., J.C. Atherton, and others.
Pounding’ the Pavementf’ Employment Seeking
Skills.. School of Vocational Education,
Loulslana State Unlver51ty, Baton Rouge, 1979.

-

<
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C. Spec1al Arrangements o -
e l < Materlals \ f— 'g" ; ‘ 7
e a.' Standard appllcatlon forms - L
‘b, ample of poorly co%pleted.resume ;‘5
Example of neat, welr-composed resume _ T

- 2. Trave1 N
- Student v1slts or contacts former employ- ~
- exrs and,persons uSed as: references. . J- g

é?BW ‘Audiorvisual,equlpment~ . "

Overhead pro;ector/transparenCLes ] . L
{optional) ‘ ) g

» - .

"Presentation of Lesson and Suggested Student L

Act1V1t1es . - T,
I N . -

‘¢A?'~Mot1vatlon fo e L

-

- 1. Dlsplay"examples of a poorly prepared
o resume and others' that are, neat and : o
L ;wellfprepared.‘ Discuss students' re- - . B
- -actions to each. Ask students which L
o person they would. hlre based on hls D

.. _resume; Why"T \\ .t . g
. o \\ R . . v - - 7
2." Discuss students' experlences in filling i
. .out appllcatlon formsu. What would Have ..
made it easier to fill one out? Were they "
prepared.w1th the correct information? P
1} .
oy 1 | . gf
. ) . =
- R '\‘ N o
- [y * %
’ 5 - {
" ¢ .
14
I‘ [ - . - v ’
: ‘..‘:'.:,An?’:’;, I’n’.“v\‘ ) 'l:‘ ," vy '_‘ s ‘.‘ q-f '/’ . ’-‘ ‘.’ .. i "‘ ‘ . .
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1.

~Gompletin§ a Resume -

.~ ’Content thline_“:{j

o~

-

,_A-resume could be considered an adver-
tisement for, oneself.. In a.sense, a

«

person is selllng his skills, knowledge,
experiénce, and attitude to prospective
employers through resumes afd interviews. -
A resume can "£ill 'in the daps" of
information that one wants .o make avall—

~~'able to the employer in addition to the

" interview. Tt ‘s used primarily to help a

personpget an. oral interview.

‘There are-three main parts to a-resume.

a. Introduction. ‘A }”
The introductory part of a resume
+should include: 5

1) Full name -~ ho nicknames,

;2) Address, -

LA

3) ‘Home telephone number,

Bu51ness telephone number (only if
one\WLshes to be contacted there),
) and : et . .

[ - R

Job objectlve -~ may 1nclude
"shorfi-texrm g9 al or 1 ediate jobs—
. or long—term goal oi” the job that
- a person wants f1Ve to ten years
. from now.

‘

Main Body

. The main body of the resume should
'1nclude- ) . - .

. -

f

1)’ Eduoational backgrodnd —-- should.
B indicate highest level achieved.

2) Work experlence - may be placed
'before«educatlon if this 1s the
.stronger point.




Y -

Related skllls and activiz
ties -- ‘membership 1nkschool and

; communlty organlzatlons, com- B
‘munity service and leadershlp ac~
thltles, plus related" skllls such-
«as~typ1ng, art, etc. . o

A Personal.dafa -- optlonal 1nfor— .

- mation such as age, race, health,‘
marltal,status, travel experience,_
hobblesr‘etc,,‘

.t

GoncluSIon T

‘The~ concluslon of one's resume should
include: = .

i References == should be.persons who
. are not relatives and can vouch for
‘the persofial character and/or work-
ing- ablllty. -One should always ask
_~his permission before listing someone:
-.as a, reference. Always -ihclude the
reference 's- £ull name,. home address, R
~telephone number ,, and relationship of
- the refeéerence - (clergy, pr1nc1pal,
‘ Vemployer, etc ) - .

ertlng a Letter of Appllcatlon

) . .
: a letter cf appllcatlon -or cover letter
usually -accompédnies the, resume. The
letter emphasizes those p01nts in one's
resume that are. d1rectly related to the
» job that one is seeking. For each job
~~that a person applys for, an application
letter with spec1a1 references to the
.employer: and the JOb is necessary

" The appllcatlon 1etter has three main
’ purposes.
. It should increasé the empioyer s
.interest-in the applicant.

-—

. It-should encourage the employer: to
read'the applicant's resume. ..
ISP
It shouId encourage the prospective
employer to arrange an interview if

.the -information. was malled to thc
employer. D




. Q

he appllcatlontletter,has three
- parts.j

S a.

Introductlon Lo

It should attract the employer s in-

terest and - develop a feeling of rap- .
port. between:the employer ‘and appli-

~cant. ~Always be sincere and honest,

use plain. Engllsh‘ﬁghd be respectful
in your opening lines. ©Don't turn the

" “-reader off before he.gets started,

‘Main Body

R

The main body should be used o tell

" the prospective employer- why the ap-

Conclision = .

‘Plicant should get the job. This is
the-place for. emphasleng either work
experience or .educational experience,-
personal backgroundﬂ and personallty

.

-

we

) The conclu31on is the final impression

that: 6ne leaves with the prospective
emg;oyer. In the conclusion one

-~ should include the desire -to provide -

addit10na1 informatioh and give the
-employer 'a chance to make an appoint-
‘ment by providing information-as-‘to

.wheh one‘will be'available for works:

-Other necessary items that should be

included in the-letter are:

e——— . e
»

l):éReturnAaddfess,
. rn, :

»

'219-Inside,address{

. T W
3)°, The salutation,-

4y The 51gnature -- written and
typed and : ,

-

"5) Notlce of enclosure (resume).




Completlng Appllcation Forms

A major complaint of bu51ness people today
is that studénts and graduates do not know
how to.fill out application forms. ,The

‘main reasqon for incomplete and sloppy
forms is that people, have not taken the

time to organize the information needed
into a usable: form but rather_ have had to
trust their memory and consequently have ...
left blanks and corrections marring the
application form .as well as their chances
for employment. The application form
icates to the employer the type of
employee the person woukl be neat or
careless, haphazard, or thorvugh. .

After completing a resume, one.should have
available much of .the information needed

to complete an application form. All that
is needed is to follow directions and take

. the time to complete the form accurately

and neatly.

. There are three sections on an’ average

application form.

-

a. Personal information

Information is needed thdat identifies
a person -such as his name, address,.
telephone number, -and social security
number. Age, race, sex, rellglon,
etc. are optlonal. If it is to one's
advantage to include them, do so. If
it is not wise to include such 1nfor—
‘mation, exclude it. .

b Employment desired

Be specific about job titles or use

general descriptions such as: general
office work or general construction

work. . This ,shows that a person has

moﬁé*dlrectlon than someone who an-

swers'that he will take anything.

Be specific about the available
startlng dates. Don't-forget that it
is customary to give two weeks notice
to the present, employers if one plans
to qult your present job.




R L. Salary requirements are a touchy 23

- .. T «--subject. A erson’may price oneself
Ly » _ out ot a job or giyé an employer the
L e opportunity to offer less .than usual

if one states 3dh exact flgure. One.
should do his/her homework.” Know the
"average salary range for the job that
one is applying for or answer "open"
which means.that he/she will negotiate
salary

- L c.. Bducation and work experience
Information concerning years and .
places of school ‘attendance and work
experience should be transferred from
the resume. Observe the number of
blanks provided to determine if only
grammar and high school will be pro-
.vided or if junior high will be in-
cluded also. It is hest to put the
last school attended first, and always
include any post high school training.

Work experience is easier to record if-
\ - . N one places it in chronological order.
. . -"Put the last place worked first and be
sure to include names and addresses
and job titles.

1f there are any blanks that do not

~ apply, show that the person has read
the instructions by placing a "does
not apply" or N/A in the blank.

- References are amn_important part of
‘ the application rm. Use both
) ’ “ character 4nd work experience
.references from the list of one's
B resumes.

C. . Student Activities

1. Have students complete a personal resume.

" Students should evaluate their resume for
any errors or imcompleté sections., Each
student should have a complete, typed
resume suitable for use. in job applica-
tions..

™~

2. Have students compose, type, and attach to
the resume an application letter to each
) , prospective employer in the career op-
" e . tion(s) that they have chosen.

o el . B .
: ., . P = . . . .
’ 1 <
. ,
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Have. students complete an appli-

cation form neatly and accurately u51ng
the previously completed resume to
organize the information needed.

£

~
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Name: R ' . '
L 'i E [ ’ . ’ - . ¢
Address: - v

Ll fHomeatéléphone number: . ( )

»

".Bué;péss telephone number: ( )

Job objective; : _ - -

P

. Education:

Work experience:

. Activities, honors and skills: ) -

College: .

sy

High édhpol:
©-7-" 7 Church and qommungty: - '

2

S Tiskillss L ‘ ;
"'Péfsonal data: - ' : . | .
:Aée: - : | - :' Birthdate;
fRaceé , | Health:
, %Ma#iﬁai status: . Travel:

 Hebbies:

‘Refeiences: c

« -

S I




INSTRUCTIONAL AREA: Caree;‘Informatibn“J

-

INSTRUCTIONAL UNIT II: Occupational Training, Placement,
' and Advancement .
=

-

' LESSON'3: ‘Getting a Job

" I. Preparation for Instruction

A. Objectives

1. Terminal: Locate job opportunltles using
several different sources in selected
“career option(s).

_Sgecific:

Name 10 sources in which to Yocate Job
opportunities. 1S
Organize a job search using'at least
five different sources of jOb
openings.

List factors that 1nfluence an
employer's choice of employees.

Review Teaching Material

Smith, Charles W., J.C. Atherton, -and others.
Pounding the Pavement: Employment, Seeking.
Skills. School of Vocational Education,
Louisiana State University, Baton Rouge, 1979.

Special Arrangements’
1. Materials . ' ¥

a. Several coﬁies of telephone "Yellow
Pages" of closest municipality.

|
|
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227~f ;‘: ' " b Several coples of the classi-
IR . A . fied ads section-of -the local
' neWSpaper. : . . . )

. ' 2. “ravel - . S .

: Student interviews with .prospective .
. i ) employers as a resulﬁ of thelr organlzed
v . ' job search. C . : : .

?f’g_,~ o - R % ~Audio-visual 'equipment
l ' : . Overhead: prOJector/transparen01es
' (optional) . ) . . . :

’
"

» IT. Presentatlon of Lesson and Suggested Student
Act1v1t1es - .

* . - 4

'A. Motivation ' C

' Hold dlSCUSSlOH with students about thelr
expepiences in joh hunting. Encourage them- to .

o _ discuss failures -as well as: successful )
. , o searches. ’

4

o
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1. 'Identlfylng Job Openlngs (Student Response
Sheet II- 3-A)

Looklng for a job is a full- -time job in

itself. There are many different sources
for flndlng jobs, but you must know what
they are as well as how to use them. The
-sources for flndlng jobs include:. ’

- Neighbqrhood adVertisements
"Help Want®d" signs can be beneficial.
to those looking for immediate employ-
h¥ in a certain location. Usually
the€se. types-of jobs require relatively’
ttle training or education so they ‘
ay be available to most- people im-
. mediately., They are a good source of
jobs for high school students who
must live at home but wish to work
part time. .

Relatives ‘and friends :

The most effective way of getting a
job for many people is to ask friends
and relatives if they know of any
openings in their companies for which
the inquirer may quality.

School placement services
Part~time jobs while still in school
which may- lead to employment after
graduation would be an ‘excellent way
. to gain work experience. Your school
guidance counselor and. school adminis-
trators may be helpful to you in sug-
gesting opportunities or helping in
placement. »

Newspaper "want-ads" (Student Response
Sheet II-3-~B) -

Many people wrongfully consider
"want-ads" the only source of
available jobs but actually the
"want-ads" represent only a small
portion of the jobs available. They
do offer a good starting point for a
job search, though, and may give:you
an idea of areas in which many people
are employed and the salary ranges of
these jobs.




-
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Private. employment agencies
Most prlvate agenc;es chirge a fee for
their services that is usually a small
percentage of the starting salary.

The fee may be worth it to some con-

- sidering the agencies’usually deal. |
“with the better companies and may be
able to find a job faster than if you

were searchlng on your own,

Apprenticeship programs

Many people train for skilled jobs as
an apprentice. These programs are
usually sponsored by unions or by
large companies. Night classes at a
Vo-Tech school are usually required
also.

Applying to employers directly or
"walk-in" applications

Applying directly to a reputable
‘company requires that a person re-
seatrch positions and policies of

- that' company plus have a good knowl-
edge of what the company does.

The "Yellow Pages",(Student_Response
Sheet II-3-C)

Telephone "Yellow Pages" are a good
listing of businesses and serviees in
specific areas. They are also a good
starting point for'a job search.but
again require, more research since one
will be applying directly to an em-
ployer. . -

Civil Service

Government’ jobs, whether on the local,
state, or Federal level are competi-
tive and require testing, evaluation
and referral before h1r1ng Applying
for a Civil Service job is a special
process and onpe that an applicant may
need help in completing.

The first step in applying is to
contact the U.S. Civil Service Com-
mission, ‘which maintains information
~about local jobs in the U.S. govern-
ment, and fill out a Job Interest Card
so that the Commission can notify you
""if there are ahy openings. You then
complete an application and take tests
if required. The application and-

03
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tests aré reviewed and you are 30
ranked along with other appllcants for
the job. - The top three appllcants .are’
.con51dered for the job.

Louisiana Offlce of Employment
Security

The Louisiana Offlce of Employment
Security, also referred to as the
Unemployment Offlce, attempts to
provide young people with two kinds of
services.

Help. in choosing a field of work.

Help in securlng jobs in keeping
with a young person's interests,
abilities, and ambitions.

/ ;

' This service offers free vocational .
counsellng, testing, and, placement.

/ serv1ces,\ Employment Securlty op-
erates-a job bank that is a computer-
ized system through which employers in .
search of qualified-workers list job

.orders with local employment offices.
The job orders usually include such
information as job title, pay, in-
dustry, geographic location, duration
of job, fringe benefits, and-exper-
ience required; which gives the
employment service information to
better match people with jobs.
S
The Job Interview (Student Response Sheet
. II-3-D)

i

‘At this point the students should be very
" familiar with the career options that
~interest them the most. They have
explored characteristics that are most
important to them about work and what they
expect to gain and to contribute. They-
have also identified job openings in their
© career choice and prepared resumes to be
used when applylng for a job, The next
.step in securing a job is to schedule a

mggg\ifterv1ew.

‘Before going for an interview, there is
some homework that should be done. The
steps include:

a. Schedule an interview the the per-
- ‘sonnel manager Or supervisor.

24
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b.”.Prepare a folder that includgs .
a resume, -a social security card,

COpLeS*Of work if applicable, and a 7
llst oé-questlons ‘to ask. .
C. Become familiar with the company, what
« Ltfsells, produces, or services, its
51ze, reputatlon, etc, .

d. Be aware of the spec1f1c job for which
L appllcatlon—ls ‘beéing made.

W

e. Determlne what is aZrealistic salary
range: for the job.

f. Make arrangements for transportation
) and .know the exact location of the
interview.

g. ‘Be especially particular about

personal appearance for the interview.

‘h. Be ‘on. tlme or a few mlnutes early.

- .

There are factors that employers use to
critique their -interviewees. One should
be aware of them. :

3

a. Appearance
+ First 1mprez§§3g§ 5 2L€ made by ond's
appeardance. eat,. clean, and appro-
priately dresséd applicants have a
definite advantage. L

Y
]

b.. Education . - o
‘. Most employers prefer high school
graduates because the diploma is proof
' » that the person who acquired it stuck
_'with a task %Ptll it was finished.

c. Tralnlng and experience

) Employers usually prefer to hire per-
song with experience because they al-

' ready have some,work-skills. K Inexper-
ienced’ and untralnea workers must be

. w1111ng to start at the bottom and
work hard o acquire marketable -+ ./
skills. "’

.d.. Attitude

“Employers would rather hire a worker,
W1th no sk}lls and a good attitude.




!

than one with good skills'.and T332
work experience but a poor attitude.
It is important to be responsible for
showing up and caring about the job
and the regutation of the company for
which one works.

Willingness to accept pay scale

Most companies. have a pay scale that
is based -on training, education, ex-
perience, and the job itself. A
person should be familiar with 'the
salary range for the job for which
he/she is applying. -

f. Job desired . ) .
, Know the exact job for which applica-
ool tion is being made. If a person seems
undecided about the position desired,
employers may think that he/she will
be aimless and indecisive about work.

Work record

A person's former work record should
" reflect that .the person was a good
employee. Former employers can be an
asset or a liability; ‘it's up to the
worker.

References .

Prospective employers are looking for
persons who will say that the inter-
viewee will be an asset to his/her
company. If reference "may pe nop~"
commital, don't list thym. /Also,
relatives are not a good oice.

Student Activities ’

1. Have students organize a job search for
‘opportunities available in their chosen
career option or options.  Have them use
at least five sources to find available
opportunities. (student Response Sheet.
1I-3-E) : '

Have those students who are seeking ifn-

mediate employment schedule and conduct

several interviews from their list of

‘available job openings. '

3. - Conduct moéck interviews between students
with one playing the role of employer and
.one ‘the role of employee.

-




"'STUDENT RESPONSE SHEET® 11-3-A

IDENTIFYING JOB OPENTNGS
THROUGH THE CLASSIFIED ADS

Scan the classified ads of your local newspaper and find

appropriate jobs for the following job seekers. Record

the particulars. about the job openings on the survey

sheet.

2. A Viet Nam veteran, lost right arm, has high school
"education. Was previously a truck driver. :

b. Eemaie high®school graduate. Recently divorced ana
as two small children. Took typing in high school,
but has never worked, ' ST S

. Middle aged man with a family. He was employed at
. 2 chemical plant as an operator and -would like to
continueﬂusipg the skills he learned at that jop,

Male high scgool drop-out. He has no employment
skills or prévious work experience. i

2
<

Scan the classified ads of your lqbal newspaper and find ~
appropriate jobs for the following job seekers. Record
.the particulars about the job openings on the survey
sheet. . ’ '

a. Welder- : _ . Sheet Metal lay~outbman

L4

b. Florist ' Painter
c.. Butcher - Laborer

d. Legal secretary 'h.” Truck driver

-

Scan the classified ads of your local newspaper and find
an opening that you would use as an entry-level job in

a career field in which you are interested. Record the
particulars about the job on the survey sheet.

Scan the classified ads of the local newspaper and find
an opening that you would consider if you had to change
your occupation after becoming established in-a job.
Record the particulars about the job on the survey sheet.

97 .
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e - 0o 7 o il % STUDENT RESPONSE SHEET 11-3-B IDENTIFYING JOB OPENINGS s -
~ DIRECTIONS. Scan the classified ads of &our local paper and record the particulars about jobs
requested in Student Activity 2-2-3.
. . : SPECIAL
- _— ENTRY- CONDITIONS OR . INFORMATION ABOUT
. ~ ENTRY- LEVEL REQUIREMENTS PROSPECTIVE EMPLOYER
JOB TITLE LEVEL EDUCATION - RATE OF PAY FOR THE JOB AND DIRECTIONS FOR
EXPERIENCE | AND/OR APPLYING FOR JOB
TRAINING . (Special physical | - .
or attitudinal (Name of company,
' 1w requirements; location, tele-
ujulu olg| o] l-iNjoe o aptitudes; tools phone no., contact
b R R B o AR o or driver's person, etc.)
BRNSS SIS Balalatals 5| 5| | | & | Tieemse, ete.)
0 gl ol oo efcl ol ol 0ol 0] o
C &Rl ol Wi of W o= | = | >
1a, C
1b. !
i .
1lc. .. )
“1d. S 1T R e Y A B
23, ‘ - ’ ' - _
2b. '
2c. M
2d.
2e.,
‘21, . -
zh' ° ' ) I‘
3. | b A _ .. . -
' 4- 4




CE 7 STUDENT RESPONSE SHEET I1-3-C
SRR | USING ‘THE YELLOW PAGES

- 1. You are looking for work as a stock clerk or a delivery person.
Go through the YeMow Pages and examine each heading. Ask
yourself, "Who are.the kinds of people who hire stock clerks or
-.delivery people?"” Begin first with companies or businesses
. : that hire a great many people. Companies that do a large vol-
Ade ume of business will hire more people than those whose busi-
e T nesses are limited. List three contacts you want to make as
you begin your job search. Give names, addresses, telephone
numbers, and headings under which you located contacts. (Do
.not use more than one contact under each heading.)

a. NAME

ADDRESS i
TEL. NO. HEADING

b. NAME

ADPRESS
TEL. NO. HEADING

c. NAME -

ADDRESS

s o TEL. NO. HEADING ) .,
. R /
2. \You have heard that there is a great need for plumbers in your
corimunity and that they are paid exceptionally well. You are
- . interested in learning the plumbing trade, but this course is -
S ) not taught in your school. . There are several places you can
- call to get information about learning this trade on the job
; as an apprentice.  ‘Look up these places in the .Yellow Pages -
" of your telephone book and list the names,  addresses. and

telephone numbers.

; o -a. La. Office NAME :
g - . - ." of Employ- ) ,' s , ' .
AR ment Security.:.. ADDRESS .
b TEL. NO.._
T ' .,: b.. Ehplo&gr in . 'NAME’
L. ’ this field . ‘
who would,hire  ADDRESS
apprentices:
i - TEL. NO.

-
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* .

"c. Joint Apprentice- NAME
ship Committee -

for this trade ADDRESS
o | _TEL. NoO. .
“"d, Union office NAME '
- for this
trade . ADDRESS
TEL. NO. 3

e. U. S. Bureau.of NAME
Apprenticeship &
Training (Dept. ADDRESS
of Labor)

—~ L TEL. NO.

You are interested in finding a clerical Job with the nearest
local, state, or Federal law enforcement office. To do so, you |
would have to apply at the City, State, or U. S. Civil Service
office. List the addresses and telephone numbers of these
offices as you find them in the Yellow Pages. ’

a. City Civil Service

‘b. “State Civil Service

‘c. Pederal Civil Service ' -

You want to find a job doing volunteer work for one of the medi-
.cal groups, such as Muscular Dystrophy. Locate a list of such
organizations in the Yellow Pages. List the names, addresses,
and telephone numbers of two such agencies to whom you wish to

apply.\

a. .

b'

Under "Organizations'" in the Yellow Pages, you are referred to
various kinds of business aad civic organizations that may be ¢
of help to you in loctating 2 job. . Find the following organiza-

tions in the Yellow Pages ahd list their addresses-and tele-

_phone numbérs, - R

a. Chamber of Commerce

-b. Rotary Club N




STUDENT RESPONSE SHEET 11-3-D
MOST FREQUENTLY ASKED JOB INTERVIEW QUESTIONS:
HOW WOULD YOU ANSWER THEM?

DIRECTIONS. Below are the ten most frequently asked job interview questions
for people of all ages, education, and experience. They are as applicable to
the teenager as they are to individuals who are changing full-time jobs for
the third and fourth times. Study each question and then decide how you
would answer the questions in the most positive and acceptable manner. x

‘Write your ’gnswers on a separate piece of paper and be prepared to discuss
your answers with your classmates,

1. VWhat are your ma.jor strengths?

2. What are your major weaknesses?

3. How is youtr previous experience applicable to
this job?

4. Why did you leave your former job?

5. Is there spmeone we can contact who is familiar
with your activities?

' 6. Where do you see yourself in this company five
years from now? =~

7. What are your interests outside of work?
8. Wﬁ@t do you want to be remembered for?
9. Are you applyigg to other companies?

-10. What kind of compensation are you 1ooking for?
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RESEARCHING A PROSPECTIVE EMPLOYER

¢

NAME OF COMPANY
ADDRESS - TEL. NO. ¢
CLASSIFICATION (Retail Sales, Real Estate, etc.) .

NATURE OF BUSINESS: People Data Things

NAME OF LEADING PRODUCT, IF ANY . -
HOME OFFICE _ : -

SCOPE 'OF OPERATIONS (Local, Nat'l, Int.ern'l; No. of Locations)

TYPES OF JOBS

EDUCATIONAL LEVEL OF EMPLOYEES

NO, OF EMPLOYEES DATE OF FIRM'S ESTABLISHMENT .
. 4 Y

FQUNDER OF COMPANY
' SHORT HISTORY OF COMPANY (Continue on back) . ] )

NAME OF TOP OFFICER o ,
| TITLE__ | Yo : .
ESTIMATE OF EMPLOYEE uomk
| FRINGE BENEFITS_ |

PINANCIAL RATING
TYPES OF COMMUNITY ACTIVITIES SPONSORED BY COMPANY

3

". REPUTATION, IN COMMUNITY.

BASED ON RESEARCH, IS THIS A GOOD COMPANY FOR ME?

ane
»

T . -
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INSTRUCTIONAL AREA: Career Information

i)

INSTRUCTIONAL UNIT II: Occupational Training, Placement,
' ’ and Advancement

LESSON / Holding a Job

b

I. Preparation for_Instrucfidﬁ
- A. Objectives

l. Terminal: Assesses attitude toward work
and list possible attitudes and person-
ality problems' that may occur and the

solutions to the problems.
t

Specific: j

List 10 suggestions thay may help an
employee have a good relationship with
co-workers and employers.

Recognize importance of high school
grades to prospective employers.
List six reasons why most people lose
their jobs.

Identify a positive type of behavior
dnd a negative type of béehavior as
related to work:

Review Teaching Material

Smith, Charles W., J.C. Atherton, and others.
Pounding the Pavement: Employment Seeking
Skills. School of Vocational Education,
Louisiana State University, Baton Rouge, 1979.
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C. Special Arrangements

Materials

Costumes of workers for skits, e. g.
supérvisor, laborer, office worker,

.waitress/waiter, etc.

Audio~visual equipment

a., Overhead projector/transparencies
{optional) :

b. Tape recorder and/or videotapé
" equipment

Presentation of Lésson and Suggested Student
Activities

A, Motivation

"

Discuss how a person's attitude may affect
work on the job as well as personal life.

-
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Lontent Outllne : . ' 35

i.-

Success on the Job

Why ‘are some people more successful in
1ife than others? Some like to blame’
another's success and their own failures
on conditions beyond their control, such
as family, education, sex, or race. But,

in today's world, success is governed by

internal factors,- - such as work habits and

-attitudes developed early in life.

Business people say today that the best

"prediction of a worKer's performance on

the job is his high school report card.
College admission officers say the same
about a student's success in college. If
a student is serious, they say, .about
his/her school work in high school, that
seriousness and- sénse of purpose usually
continue through college and.on the job.
Only a few who fail at high school sud-
denly "bloom" in college or on the job.

_Very seldom does a miraculous turn-about

happen. The work habits and attitudes
th ne has now will not change that
drast¥cally as one gets oldér, unless one

" consciously works at changing them. How a

person haiidles himself on ‘the job --
whether or not he posséesses those work
habits and attitudes that arée needed to be
successful on the job -- can be predicted
by the work habits and attitudes that he
exhlblts 1n school and at home rlght now.

Gettlng along with others on the job de-
pends, to a large extent, on one's be-
havior. X person's behavior will reflect
his attitude toward his job and coworkers.

. A positive attifude will improve his rela-

thnShlp with his co—workers, a negative
attitude will decrease 'his chances for
success on the job. If one has a good

. relationship with his co-workers, they

will cooperate with him to help him over
the rough spots durlng the adjustment

Vperlod

= A.person's or éupervisor is a key person

during the first days on the job. Much of
the new employee's success will depend on

the boss' expectatlons of him. If the

66 .
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boss expects more than one can
give, because of limited-education, work
experience, and maturity, those first few
days on the job will be rocky ones. But,
if he accepts the new worker as a begin-
ner, makes allowances for mistakes, and
encourages co-workers to help in the
learning process, one's first job will
become a memorable experience.

©
There are several suggestions that may
help ‘one to be a success on the job.

To please employers, one must:

.a. Be honest,

b. Be loyal,
c. Be enthusiastic,
d. Be personable, and

e. Give a full day's work for a full
day's pay.

To please co-workers, one fust:
a.. Proceed with caution abdut forming

association with co-workers,

- -

b. Follow the general company policy

about using first or last names in
addressing co-workers,

c. Be dependable,
d. Be cooperative,
e. Mind his own business,

f. Work as a member of the team,

g. }Graciously take help when needed,

~h. Do not join cliques,
i. Develop a sense of humor, and

"j. See each co-worker as a worthy person

able to make a contribution to the
.group. .

L]



. If one loses his job, it W1il 37 ..
s - probably be because of one of the follow-
~ LT ' - : _ ing reasons.

s . . a. Excessive absenteeism or tardiness,

X T ‘, ' b, Inability to take constructive
N ) A criticism,
ﬁy c. Unwillingness to learn,

> . "d. Failure to show interest in the job,
.e. Inabilijgly to fol;ow'instructions,-and

f. "Inability to get along with people on
the job.

The secret to getting along on the job is
to develop a positive attltude ‘toward:

a. The company,
B." The boss or supervisor,
c. Co-workers,
d. The job, and
NE - , o e Oneself,
' 2. People on <the Job

', Being able to maintain a successful work-
L ) ing relationship with both one's
supervisor and co-workers is an important
‘factor in ‘determining success on the job.
This is probably just as important as
ability to perform the job tasks. 1In
fact, surveys have indicated that more
K T : . people lose their jobs because of their
v ’ ‘ inability to get along with co-workers and .
: : supervisors than because of their \inabil-
ity to do the job.

An important fact to remember is no
take a job for granted. When one fixst
- gets a job, there isn't anything tha

SO . pression -~ to prove that the company
g A not make a mistake in hiring him. How-
T . , : ever, as time progresses, one will be in-
ST clined, as others are, to find fault with
2t X : the jOb and especially with the people.
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0 oné‘musf tr§ to<gu&fa.égainst_this,.
" becausé job performance will.suffer.

~

L 4

How well one gets along with others depends a
great deal on one's own behavior. Behavior
reflects attitudes -- attitude toward one~
self, toward people, and toward work. If a
person has a positiVe attitude, it will.
improve relationships on the job. He/she will
 be willing to- change, to see other points of
view, to accept job tasks and criticism with- -
out.complaining, and to accept responsbility
for his/her work. A negative attitude will
lessen' chances for-job success making one
unwilling to change, blaming others for mis-
takes, ‘'wearing unpleasant facial expressions,

" and frequently criticizing others.

e
-

. . . .

+ ~Getting along with people on the job is a
difficult task because people have different
temperaments, strengths, and weaknesses.
People are also.not the same every day.
_Personal problems shouid be left at home but -
sofmetimes one's emotions may affect his work

Ty

.and attitude toward his co-workers. .

The new employee can help this situdtion, by
. knowing what to expect from co-workers. Then
oné will not be hurt.or disappointed if co- _
workers act in a way that one does not 'expect.
Some ‘new workers go on the job-with chips on~
their shoulders, just waiting to be offended, .
insulteg@, dis¢riminated against, g;vignbred.
Consequently; they bring oyt negative behavior.
An their co-workers.. If a person goes on the
job expecting to be tiked and-accepipd and
acting in a.way fhat makes it possible. for
other petple to 1iké; respect, and accept him,
-, Co-wofkers should react in g, ‘positive manner.

Good advice to EbIlowﬁ oL

d. Don't expect tHe VIP treatment,

b. Expect some teasing, .

‘ Expect sdmé'negatiﬁé feelings,

" bon't act -as if you know everything,

Beé friendly, -




Don't be too critical,

Don't go off in a lot of different .
directions, and . ’

'Read the employee handbooksqdfefully.

Getting along with people on the job will be
‘the most challenging task as. dne begins em-
ployment. Suc¢cess in this area will depend
upon positive attitudes in dealing-with
others. A positive attitude includes:

A willingness to change,
willingne .

The ability to see other. points of view,

bt -

No. compiaining, -

Always having a pleasant manner, smiling,
and wearing pleasant facial expressions,

Accepting responsibility for one's work,
Rgépecting the opinions of others,
“"Having varied interests,

‘Being considerate “of others,

* Not losing one's temper regularly, and

j.k Not beihg critical of others.

{ . N

" No matter  how hard a person tries to get along
with his $upervisor and co-workers, .situations

-will .arise when a conflict will take place.

" -This is only natural when people of differing

~“backgrounds, 'temperaments, and abilities are
working together. The way one handles these

. Situations, however, will indicate how mature
he is, how sensitive 'to other people, and how
successful one will-be in the future.

When .conflicts occur, there is a step-by-step
method'tp follow in resolving the .conflict.

a. Define the problem. In defining thé
problem, one very often solves it.

.'b. " Decide what the outcome of the conflict
ought to be.

.




List. the varled things (alternatlves,‘
options, choices) that one could do to -
resolve the conflict. - .

Choose the best alternative -- the one
that will most quickly and most effec--
tively resolve the problem and produce the’
desired outcome. . '

-

Put this alternatiﬁeiinte action.:

After a reasonable period of time, decide

.if this alternative has produced the

desired outcome. If it has not, choose

the next best alternat1Ve and proceed L
. through Steps "e" and "f" again, until the

problem»ls resolved.

These steps can be used in work as well as
personal and family situations.

Student Activities

1. Have students make a list.of their °
" positive feelings and a list of their
negative feelings.abolt working.

2. Have students role play positive and
_negative attitudes as employees and
- employers. Have them present a short
dialog that shows the problem with the
solution. .

3. Invite a personnel manager to speak to the -
class concernlng attitudes of workers.
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. INSTRUCTIONAL AREA: Energy Conservatien
INSTRUCTIONAL UNIT I: Conserving Energy on the Farm

. ¢

. LESSON 1: Farm and Homestead Energy Conservation

L]

I, Preparatlon for Instructlon
a, Student Objectives

1. Terminal: Establish energy conservation -
measures at the farm and homestead.

-

2. Specific:

a. Define energy and llst uses on the
farm. .

b. List types of fuel and energy sources.

c. Identify insulation types.

d. - Diagram landscape iiethods that can

- conserve energy.

e. Discuss reasons for conserv1ng energy.

f. Define R-value,

qg. Identlfy uses for solar energy on the"
farm.
Identify areas” where energy can be
saved on. the farm :

B. Review Teaching Materiais,

1. 'Providing for Energy Efficiencynin Homes
and Small Buildings. Oakridge, Tenn,:
U.S. Department of Energy, 1980-. )

1 copy free from:

* - U.S. Dept. of Energy .
Technical Informatlon Center '
P. 0. Box 62.
Oakrldge, Tennessee 37830
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II. 'Presentation.of the Lesson ' . Pl

A.

Pope, Thomas E. ' Landscaping for
Energy Conservation. Baton Rouge: ' Louisi-
ana Cooperative Exten51on Service, 1980.

*

Baker, F. E. and M. M. Baker. Home
Insulation. ' Baton Rouge- Louisiana
ooperaElve Extension Service, 1980.,

Electrlc Energy. Athens, Georgia:
Ametican Association for Vocational
Instructional- Materials, 1976.

SpecialQArrangements

4.

«Challenge

Fleld tr1p to energy eff1c1ent farm.

o

Overhead progector

S

16 mm projector -~ movie on energy'and its
conservation, or The President's FFA Energy

- - -

Handout ~-- Insulating Values of Several
Insulating and Building Materials

7~

Motivation - ° -

1.

List all the appliances that require energy
to. operate on the farm and ‘in the home.
Also, discuss the results if we did not
have this energy available.~

Presentxthe FFA Energy Challenge to the

.class (Use the 16 mm movie if: possxble )




. . Content.Outline

1 . Terms: 7 : ) ‘ _. . . ’ +
. a. Conservation - to’protect from waste,
loss or harm

‘b. Radiation -- giving off of waves of
- light, heat, sound, etc. »

Insulate -- to prevent heat, light, or
sound from passing through -

. R-value .-- indicator of resistance to
" heat flow

Energy. -- capacity for_work

Energy ceonsumption <- energy use

conserve energy?

The U.S. faces serious energy problems
(shortages).

" Farms are highly mechanized -- problems
associated with this are:

l) machines use fossil fuels that are
in short supply:;

2) ‘fossil fuels -cannot be recycled;
and

3) machines are difficult to- chénge
over to other energy sources (i.e.
'ysolar power) . V

c. . Increased" fnel cost has lowered proflts
/o management and wages to labor.

£
od: Pechnology is not keeping up with the
change in energy needs.

' Types of fuel and other sources- of energy

a. Diesel fuel -- used in practically all
‘machinery over 100 hp.

b. Gasoline fuel - maln farm transporta-
tion fuel
©

.




h.

Liquid petroleum gas -- mainly 4
for heating buildings and drying crops

- Natural gas -- primary, source for

hydrogen in producing ammonia for
fertilizers, also used for irrigation,
heating buildings, and drying crops.

Electricity -- mainly generated from
fossil fuels, which are used for
lighting, ventilation, pumping water,
irrigation, and heating.

Lubricants -- not used as fuel, but
contain usable energy.

Aviation fuel -- for plantlng, spray-
ing, and fertilizing

Solar energy -- used primarily for
heating buildings and water.

Methods for conserving energy

a.

Landscaping to: (Transparency I-1-A,
reduce radiation in summer, reduce air
leakage, and reduce heat transmission

loss)

1) -Use grass or other plant materials
as ground cover to reduce air and
surface temperature,

2) Use dense 'shrubs (such as viburnum)
close to a building to block W1nd
and* reduce air movement, - |

3) Shade alnfgondltlonlng'units with
shrubs or trees,

4) Use vines or trees to cover walls
and somé windows,
5) Use dec1duous trees to shade build-

1ngs in summer (they let light in
in the winter), and

6) Use rows of evergreens, fences,
. walls or other buildings to break
the wind, which controls’ its speed
land direction.




’2) Weatherstripping and caulking

Insulate building‘to recommended © . 5
R=values (Houses in Louisiana need an
R-value of 30 in ceilings,. 18 in walls,
and 19 dn floors).

1) Major types of insulation
(Transparency I-1-B)

a) Batts -= glass fiber, rock wool

b) Blankets -~ glass fiber, rock
" wool

c) ‘Foamed-in-place =- expanded

urethane . ,

d) Rigid board -- polystyrene,
- expanded urethane, glass fiber,

e) Loose fill -- blown in -~ glass
fiber, rock wool, cellulose

f) Loose fill.-- poured in --

glass fiber, rock wool,
cellulose, vermiculite, perlite’

a) Around windows

b) Doors

c) Other openings
Lighting conservation

l) Use fluorescent llghtlng where
,fp0551ble .

s

2) Turn off incandenscent lights when '
. leaving an area for more than a few
mlnutes .
Machinery use *

1) Maintain at peak operating level.

2) Keep tires'properly inflatea.“

- 3) Keep cutting edges sharpened;

4) Remove unnecessary welght

'5) Keep all fllters clean."

7R




8)

Refrain from performing field
operations on wet ground.

Make only necessary trlps over the
field.

Plan_marketing‘so only ,fulI™oads
leave the farm.-

- ‘ .

Alternate energy sources *

1)

farm for:

Solar energy can ‘be used on the

a) Space heating,
b)" Processing heat,

¢} Product and crop drying, and

d) Electricit;\ipplications.

Wind from windmill can be used.

Several windmills with storage
batteries can provide a major
portion of the electrical
needs.

Fértilizer conservation

1),

Soil test -- do not apply more
nitrogen fertilizer than is needed
for the crop being grown in that
soil area. y

Use a nitrogen fertilizer that is
high in N -- this means ‘less weight
to carry over the fields. o

Dryihg crops

1)

2)

3)

Use solar power to dry,

Use ventilation in bins to lower
drying costs,

Dry crops in the field or naturally

'when"feésible,_and

-,
vem

Plant early:

e




5
6

‘Tiﬁygaﬁé five fuels’uséd on the farm?
8

h. QSeuof Water . _' . 7

1) Insulate water heaters and. hot
water pipes. .,
"2) ’Use. natural slope'in irrigation to
save On pumplng cost and energy
use.. .

3) Use solar power and heat given off
by milk cooling in order to warm
water for dairy operation.

Suggested Student Act1v1t1es

1. . Make list of energy waste at home and-on

the farm.

Py

2., Diagram the home and farmstead and show how
“+«landscaping can conserve energy in each
specific case.

3. Accept the President's FFA Energy
"Challenge."

Study Questions
1. Why is energy important to the farmer?

2. Since it is very warm 'in Louisiana, whgdo
we need insulation?

3. What is R~value?

4, List three ways plants can help conserve
energy. g T
. List three ways plants help consume energy.

. What is solar Energy? P

2

. What is heat radiation?

9. What is energy conservation?

- . -
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AN AIR CONDITIONING UNIT ON A SOUTH OR WEST
WALL SHOULD BE PROTECTED FROM THE SUN

- PLANTS-TRAINED ON A WALL MODERATE -INDOOR
**_AIR TEMPERATURE N

TRANSPARENCY I-1-A

USE. A TRELLIS TO REDUCE PENETRATING

SUNLIGHT AND TO PROVIDE AN OUTDOOR

AREA WITH SHADE. A DECIDUOUS VINE

PROVIDES A SOLID OVERHANG IN SUMMER
~ AND A MORE OPEN EFFECT IN WINTER




BLANKETS - GLASS FIBER, ROCK WOOK

RIGID BOARD - poLYSTYRENE (EXTRUDED), EXPANDED
URETHANE (PREFORMED), GLASS FIBER, POLYSTYRENE
: (
(MOLDED BEADS)

o

N %

LOOSE FILLx (BLOWN-IN) - GLASS FIBER,. - LOOSE FILL- (POURED-IN) - FLASS FIBER, ROCK
'ROCK wch} CELLULOSE e L K WOOL CELLULOSE, VERMICULITE, PERLITE

4
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- INSTRUCTIONAL AREA: Agricultural Mechanics

-

.~ INSTRUCTIONAL UNIT I: Orientation e

.
' Y

LESSQN 1t Introddction to .AEgricultural Mechanics, the'Use
. of References, and Field Trips to the.Shop '
Program. .

I. Preparation for .Instruction

A, Objectlves

1. Termlnal .Discuss ‘the vital role of .
agricultural mechanics in society and the
vocational agrlcultural program.

‘7 ) 2, SEec1g1c' S -t

&

°

a., Define agricultural mechanics.
b. Discuss ‘the relationship between food
) and fiber and agricultural machinery.
c. Explain why agricultural machinery is
. becoming more highly sophisticated.
s - d. List six reasons for having mechanical
"' knowledge and skills. g
e.- List the areas of concern in agricul-
-. * tural- mechanlcs. .. .
f. Discuss the. dlfferent types of jobs in
s the f£ield of agricultural. mechanics.
. ' g. Discuss the" relatlonsh;p between agris
- cultural mechanics and one's supervised
occupational experience programs.
h. List the individual areas of study in
. an agricultural mechanhics program.
i. Describe the importance of ‘agxicultural
‘mechanics in developlng méc ical
skills. - <.

. ., -
«

_.B. Review Teaching‘Meterialé

»

- I “ahlpps, Floyd J. Mechan%geiin Agficdlture.
¢ Tee -Danville, Ill.: The Int

‘ ‘ ate inters
‘ \f~%_ - "'4%53@ Publishers, In¢., 1967. J”fér_. -

1

o
S : - R . - .
’. Q e - ' . .l : ‘e 8
. « : ,
. . "
(E l ., . 5 ’ o - ‘ . : (? '
3 K [ Coa . .- t .
0 Aruntoxt provia ic JFS . e . f
4 A, - . . N ' f P




l.

Phlpps, Floyd’J Handbook on Agrl— o 2 *

C. Spec1al Arrangements ) Co €7
ST “

II. Presentatlon of lessgn and Suggested Student
A9t1V1t1es ‘ ) .. o e

- .A. Motlvatlon

.approx1mately 85 percent of the machinery

'management, operation, and maintenarce of
-gas and diesel engines.

cultural Education in Public Schools. )
Danvxlle, Ill.: The Interstate Prlnters -
_and Publlshers, Inc., 1965.' .

.Vocational Instructlonal Serv1ces, Texas

A&M, Agr1culture~Mechan1cs Unit A TOplC 1. .

- . 'A,

-

Materials ST . c
- * - ‘ N - -
a.. Pictures of 61d and ‘new farm machinery

b.  Pictures of farm machinery that show -
- equipment out of calibration or -
.adjustment

N -~
*

c. Pictures of the many and varied jobsA
' associated with agricultural mechanics ‘

Travel

student visits to local operations in the
community which are related to the f1eld of -
agricultural mechanlcs.

[

Audmpv;sual

Overheéﬂ projector/transparencies

I -

K

A person employed or sélf—employed in
agriculture cannot be a success unless he
possesses .considerable mechanical knowledge
and Sklll

.
by

Agrlcultural ehglneers estimate that

in operation on farms is more or less out
of adjustment 2

PO .
Agrlcultural mechanics 1s~not just shop- ’ -
work but also includes repair to. agri- N
cultural machlnery, cqonstruction of build-
ings and conveniences, ma&mtenance ofg <o
electrical equipment, and selection,



Content Qutline ) o 3

-

1.7 Terms. .-
oy ! . »

. . -

- . Agricultural mechanics -- includes all the-

- unspecialized mechanical activities per-
formed .on the. farm and in agriculturally
oriented business services; also

... refers to the operation and maintenance

. of machines and .equipment used in industry
and the varied mechanical jobs that people . .
perform.- R - '

To some individuals agricultural mechanics
may bé incorrectly referred to as farm

‘mechanics, agriculture shop, farm shop, and
shop. -. - ' i

2. Food and Fiber
Agriculture must preduce food and fiber to
meet increasing world population needs.
This involves field machinery and a wide

range of farmstead systems .providing
efficient, labor-saving production.

3. As agricultural machines and systems become -
more compleX, the need for qualified spe-
cialists will grow. A new generation of

. highly sophisticated équipment is being de-

- veloped for modern, mechanized farming op-
"erations. Manufacturers need specialists
to fill positions in sales, service, and
educational programs. Mechanical knowledge
and skills are very important because one
can: .

a. éave the labor cost’ (50 percent of the
~ total cost) on a needed project or
repair job. : .

" by Maké project or construéfion plans and
" figure materials needed. . .

c. Learn é skill by doing and be better
prepared to use the proper tools and
equipment for the job. o :

Save ‘time on a job that requires im-
mediate attention. . -

e. Build projects needed for the super-
’ . .

vised experience program.




‘ "£f. Make dependable'judéhents re~ . .4 .
. garding machlnery adjustments and -
- heeded repairs. . - i ) :
g. Recognize quality work on any type of

agricultural mechanics project and dem- .
onstrate pride in good workmanship. :

Make,estimates as to the cost’of con- -

h.
. . struction.and repair jobs.:
' ) i. Help other students and friends on me- N
. chanical problems. Be able to-demon- -’ ;
c i strate shop skills. )
j. Adjust to mechanical problems that
, arise after graduation.
. k. Develop a home shop for the purpose of Mg

——

* accuracy,

-

constructing needed proj s and making

repairs.

neatness, industry,
and carefulness. g

orm habi

81

.Serve as a good unspecialized mechanic,
not as a specialist or expert.

Commer-
cial shops are equipped to perform
specialized jobs, such as a complete
tractor overhaul.

The five areas of concern in agricultﬁral
mechanics, as set forth by the American
Soc1ety of Agrlcultural Engineers (ASAE),

..‘ N - i ~ )‘ 4 .

dre: (Transparency I=1<A)
a. Power and Machinery -- Mobile power '
. . ‘ ©  units, field equlpment, and farmstead
, - - systemsey . .
: ‘ 'b. 8o0il and Water ~-- Irrigation, drainage,
B - . erosion control, and utilization of
"water resourCes, o -
. s . .
’ o . c. Structures and Environment -- §truc-
' . tures,’ llvestock, and plant env1ron—
- ments,e o :
d. Electrlc Power and Proce551ng -—

Electrical energy utilization and feed
processing for improyed agricultural
operations, and . .




b

* ' ‘ ‘e. Food Engineering -~ Food product * 5
. T , processing, storage, packaging, and
o ! handling.” '

g’ 5. Agriculfural mechanization speécialists work
g . . - With products or services in the following
areas:

a. Agricultural machinery, - . ' .
b.‘ Soil conservétion'prngtices,
c. Farmstead planning, N

d. ' Electrical power apblications,
e. Building,construétion, 2

f. Crop processing equipment, and

.1

g. vFood and feed prQCES51ng plus handling
systems. ‘ .

6. Listed below.are.occupations‘and skills

that may be required of the trainee: - - -

‘a. Ranch employee ~

‘ .Concrete construction
Feed equipment repair. and operafion
Fencing , -
Carpentry -

: " Welding '

' ] Use of hand power tools

) b. Horticulture employee .
Y ) Greenhouse humidifier operation
) . Tree injector operation .
. - Tractor and equipment skills
’ . e Turf plugger and-.sweeper operation .
Use of hand power tools S

e

s .. C. SW1ne employee'

: Feed equipment repair and operation
oo Concrete construction , * "
Carpentry
.Use of hand power tools

d. Fertilizer employe€e

Operating and maintaining fertilizer
equipment

Tractor and fertilizer utili7ation

Machinery for handling, mixing, and
distribution of fertilizer




&

o - . . , . . . , .
. . €. "Agricultural machinery mechanic, 6
. .. ) . Helper "and Repairman . .o T
JFarm power equipment, maintenance, and

S e ' repair.
. ) 7. Mechanical-knowledge and some skill in the
. L , + use, of 'equipment are helpful in each.of the

following trainee occupations:

* a. Horse farm employee,

b. Poultry farm worker,

. c. Dairy farm worker, - -

- «

- ' d. Poultry Processing-plant employee,

e. Forestry employee,

, o - . Wildlife conservation employee, .
g. Vool and mohair warehouse employee,
h. Meat processing piant employee,

i) Milk processing plant employee,

3. Irrigation equipment sales,*

- k. Agricultural chemicai«sales, .

1. Feed sales and servicemaﬁ,
‘m. . Feedlot employee,
PR ' ’ o ‘ n.. Cotton ginning_eﬁployeé; and
o. <Crop férm eméloyee.

8. Agricultural mechanics instruction should
be closely related to a. student's super-
vised experience program. For example:

. a. A béef cattle project with an improved

’ pasture requires the "know how" to

-operate, adjust, maintain, -and repair
tqactoré, plows, fertilizer spreaders,

) mowers, hay balers, seeders, and

; ‘ S hauling machinery. '

b. It require$ skill in carpentry, plumb-

ing, concrete work, and_electricity in. ~
order to repair and-construct equipment
v

‘o

' .




"and facilities for the cow herd o7

_—) " ‘and pasture.

c. If broilers are the supervised farming
. ( . ‘ program, a brooder, feeders, and pens
. T . will be needed, all of which may be
- constructed in the vocatlonal agricul-
ture shop. . -

7. The ihdividual areas of study in an agri-
. ' .- . cultural mechanics program should include
. " (but not be limited to) the follow1ng
a. Shop orientation and safety -- Informa-
tion regarding shop behavior and safety .
rules orients the individual to proper
‘conduct in the shop.

Tool identification -- Identification
of tools allows students to work

. . efflclently by knowing what common
- C tools wrll do different jobs.’

e

d d ) c. Farm carpentry -- Carpentry instruction )
introduces the worker to uses of power | ,
and hand tools, basic construction
procedures, and safety measures.,

s d. Cold metal work -- Metal work includes
i use, of tools, cutting,-drilling,
: -tapping, and threadlng of metal for
farm-use. . .
e. Hot metal work.--- Instruction in
shaping and bending metals under heat
with proper tools is demonstrated.

. .

f. Conditioning and the proper use of hand:
tools == Tool instruction allows one_to
) ) corregtly identify, .select,- use, and
- ‘maintain hand tools. , C

SO g. Proper and safe use of power tools --

Power tool instruction demonstrates use

and safety of shop pOWer tools-commonly

used. .

h., Concrete ~-- Subject areas concerning -
uses. of cemert in basic building
construction.as well as basic block or »
brick congtruction are included in this
shop area.




Plumbing -- Information is . - . 8
given regarding plumbing fixtures,

., their repair, and common.household
'plumbing systems. Also included are
~.pipe use and identification as well as

selection of equipment and supplies.

Farm electricity -- This shop area

deals with planning a wiring system,
techniques of maintaining and repairing
electrical ‘equipment, and safety. ’

Agricultural power-small gas engines -~
Small engine repair and maintenance are
covered in this shop area including
tool use and parts identification and
use. -

Tractor maintenance -- Tractor mainten-
ance is essential to efficient and
economical operation. Important infor-
mation includes "subjects such as rec-
ord keeping, preventive maintenance
practices, and service procedures.
Farm water supply and sanitation --.
Location and construction of w§lls &hd
septic tanks are taught in this shop
ared.
. "Use of the farm level -- Use of the
farm level is covered by instruction on
_determining slope, terrace or contour
lines, and the level of a building
foundation for construction purposes.

The agricultural mechanicsfshdp is consid- ~
ered a very important laboratory for learn-
ing mechanical skills. Students will be
graded on how well they perform the as-
signed shop skills, the type of* workmanship
they- exhibit on their'projects, "and how
closely they adhere to the shop rules and

-regulations.

Student Activities . &

1.

Each student should be able to write the
definition of agricultural mechanics and
list the five areas of concern.

Each student should make a list of the .
differént areas of agricultural mechanics

a

30
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"Have students. compare the new type of

-

involved in his or her superv1sed
farming program.

agricultural machinery to that of 25 years

. ago. - .

Have students.make a list of all the
different types of agricultural mechanical .
jObS and bu51nesses-located in the com-
munlty : -

Plan a class tour to acquaint-the students
with the shop working areas and equipment.
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INSTRUCTIONAL AREA: Agricultural Mechanics

INSTRUCTIOHAL UNIT.I: Orientation

'LESSON 2: Safety Measures

Preparation for Instruction

A, _Objectiﬁes

1.

Terminal: Demonstrate safety procedures in
the school S agrlculture shop.

Specific:

a. Explain the importance of shop safety
" rules and regulations.
b. Demonstrate safety awareness by con-
ducting a hazard hunt.
Explain how to prepare for safety
before entering the work area.
 Discuss how to prepare for safety on
entering the work area.
‘Pesgribe safety practlces at the work
station. .
Identlfy the meaning of various colors
used in color coding a shop.
List safety steps to check'before
leav1ng the shop at the end of the day.

at
hi

"l

B. Rev1ew Teaching Material

1.

PO S

Phipps, Lloyd J. Mechanics in Agriculture.

" Danvilkle, Ill.:» The Interstate Printers

-

and Publishers, Inc. 19€/f

-~ R v,

2. .

‘Jscobs,‘Clinton 0. Developlng Shog oafety
Skills. Athens, Ga.: The Américan Asso-

~ ciation for Vocaflonal Instructional Ma-

terials, 1979




3. Vocational Instruction Service,
Texas A&M, Ag. Mech Unit A, Topic 2.

Special Arrangements

1, Materials b

*

a. Laysout some broken or defective tools

k. Brochures,. posters, and bulletins on
safety

'

Travel ‘ .\>

Students visit a local community establish-
ment which operates a shop and talk to‘ the*
shop foremen to obtain their views on shop
safety.

Audiovisual
Overhead projector/transparencies

II. Presentatlon of. Lesson and Suggested Student
Act1v1t1es

A.? Motivaﬁion

1. It is estimated that over 90 percent of all
shop accidents are caused by a factor which
can be called "human error." :

'Work accidents are‘disabling more than
2,000,000 persons each year. Of these,
80,000 were permanently disabled and 12,500
died. ' »-

The cost of these injuries accounts for
billions of dollars lost in wages and
medical, legal, and disability payments.’
The pain apd suffering to the 1nd1v1duals
involved are immeasurable.




B. Conteht Outline

1. The purposes’of shop'rules ares:

a.. To protect the learner while a skill is
being learned. (Transparency I-2-A)

b. To protect expensive equipment and hand’
,tools. (Transparency I-2-B ‘and €}

To keep tools and ‘equipment available
- and in condition for teaching SklllS.
(Transparency I-2-D)

To develop skills by using the tools
and equlpment properly.

To learn to respect properly condi-
tioned tools and equlpment and good
workmanship. -

To develop skills by drawing shop
plans, figuring bills of materials, .-
budgeting time, buying building
materials, and donstruqting projects.

To develop a shop-type of behavior. \_,j

To learn to appreciate the value of
_good housekeepihg practices. ?
To prepare and keep a good notebooﬁ and
recoxds.

j. -To have a thorough understanding of the

’ agricultural mechanics proqram.

Headlng the list of shop accidents is the
"position and actions of people. Simply
having hands, feet, or body in the wrong
position and using the wrong actions
accounted for 44 percent of the accidents-.
Improper use of tools, machines, and*
protective -equipment were causes of 40 )
percent of the injuries. . Lack of skill &nd
using incorrect procedures accounted for
~another 11 percent. {Transparency I-2-E
and F) . S . PR .
Each person is responsible. The way one
feels toward safety is the most important
safeguard against injury. One must be. -
constantly aware of the dangers that exist
and the.possibility 6f:accidents to oneself

- pa—
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the following problems:

". % one's respon51b111ty ) .

B -

and others. Then, out of féépect - 13

not fear -~ accidents do not just happen,
they' are caused. (Transparency I-2-G)

Failure to provide for safety may result in

[
a. Pain to the victim,
b. Liability,

c. Loss of time,

" d. Loss of money,. and : T

e. Possible guilt.

There are five buﬁan factors which con-
tribute to shop safety. They are as
follows: ‘

a. Knowledge: A large nu

or obtaining the wrdhg inforitation are
" all obstacles to -safety. ecome
- skilled in shop safety, st learn:

&

1) To recognize-a hazard,
2) To reduce or avoid the hazard,

3) To know how to handle or control
the hazard, and ./

4) To avoid creating hazards for near-
K by workers or students or whoever
follows.

-

b. Skill: Know1ng the hazards of the job ,
is not ehough. It is necessary that % ’
one knows how to follow proper proced-
ures when using hand and power tools. . -
To become skillful, .4 person must have
the desire and receive the proper in-

~struction and practice. .

+ 'Modern tools and machines are designed

with safety of the operator in mind. L

‘Learnlng how to use -tools safely is - -~

"

A}
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Physical ability: One's 14

physical ability to handle shop tools
and machines may have an effect upon

- how safely one can work. It is

important that the worker knows' the
limitation of his/her physical ability.

Positive attitude: Tools and machines
cannot think. The operator must-bec a
person who has a positive attitude and

safe working habits. A safe worker has .

the attributes of being concerned,
alert, careful, cool, attentive, and
responsible.

1) How does shop safety save time and
money? More accidents happen in
the home than anywhere else. Many
of these accidents are shop rela-
ted. When one member of the family
is hurt, the entirc family is af-
fected. Time is lost, income may
be cut off,'and medical bills must
be paid.

It has Been estimated that about 2
billion dollars are lost each year
,as a~result of farm work accidents.
Much of this wprk is shop related.

Because of accidents in school
shops, where training is most im-
portant, students lose nearly one
school day per injury. Thus, pre-
vention of accidents does save time
and money. (

2) How does shop safety encourage
pride and, satisfaction? A clean
shop that is a well organized, shop
with a minimum of safety hazgrds
provides the skilled worker with
an ideal place to work. 1In such
an environment, one has a feeling
of pride, security, and well-being.
Certainly, safe working-conditions
will encourage the development of
safe working habits. The satis-
faction one gains helps establish
the mental framework for yorking
safely in the shop. ~

4 | 97/




No matter how skillful

the operator, a-portable power tool

or machine tool that is out of
adjustment or unsuitable for the
“job will not perform properly.
- Worn, dull, broken, or defective

tools also”contribute to accidents.

A safe worker will recognigze the

‘poor condition and discontinue the
v job rather than apply force or
permit others to use a defective
tool or machine or improper
equipment. -

N \

Safety guards and devices are pro-
vided with power tools. They
» should be operating properly.

v

e. Supervision: It is wise never to work
alone or out of calling distance of
somgone. Persons who are unfamiliar
with a task should have supervision.
Never leave students without super-
vision.

4

Preparing for safety before entering the

shop. There are certain tools, machines,

_and equipment that must be provided in

advancé of each job. Plan by thinking

ahead. For example, if one plans to tune_a

cdr engine,” one requires certain specifi-
cations, tools, machines, and materials
are. Also, for this job one must guard

against such hazards as getting burned on a

hot engine or hit by a moving fan blade.

a. Determine what tools, machines, and

materials are required: Take a look at

the job one plans to do and list the
necessary tools, machines, and
materfals. .

1) Decide what one is going to do.

2) Study one's plans.
’ 4

3) Prepare a bill of matérials.

-

7

4y Make' a list of tools and machinez
needed. ’ ‘ . -




Determine what hazards are 16
involved:

1) One type of hazard is the potential
- danger of the job itself or physi-
cal hazards involved.

2) The other is the possibility
of something going wrong.

a) Protect eyes from flying
objects,

b) Protect lungs from paint, dust,
and dangerous chemicals, and

c) Watch out for falling objects.

3) From their knowledge of the tools,
machines, and materials to be used
and the surroundings, students will
flake a list of the hazards that
shogld be considered.

Determine what skills aré needed: Take

a look at the plans. Consider the

tools one is going to use. Read the

service manual. To becdbme skilled in
safe shop work, a .person must be able
to answer "yes" to the following
guestions: :

1) Do you understand the procedures?

2) Are the tools, machines, and
materials available?

3) Are you skilled in the use of the
tools and machines?

4) Can you'apply safety skills? 4
5) Will you follow directions?

e

6) Are vyou aware of the hazards

involved?
o

"7) Are you preparcd for emergencies?

Determine pgoper clothing and safety
equipment. (Transparency .I-2-H) '
Safety equipment should provide

I
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protection from normal h&zgggs. L 17
When things go wrong and the unexpected
happens, safety equipment should help
prevent injury. A p&rson should be
able to identify the clothing and
safety equipment recommended for var-
ious types of jobs. They are:

1) Types of clothing suitable for'shop )
work, .

3

2) Types of foot and leg covering,

3) Types of head covering,

4) Types of eye and face protection, -
-5) ‘Types of hand and :arm protection;
B . 6) Types of héaring protection, and

7) Typeé of lung and breathing protec-
tion. . b
The clothing to be worn in doing any shop
work should be niade of a fabric which
will b¢ durable, fire resistant, and com- °
fortab\e Clothing which is_torn, frayed,
- or soiled from petroleum products is
a hazard. Clean, well-fitted and main- _. -~
tained clothing is a must. A loose piede .
of clothing, such as a necktie, gs a hazard
that could cause very serious iggury or
death. .

L4
t

6. Preparing for safety on entering-the shop:
A person's primary concern in a shop is to
protect self and others. One should be
able to locate and name the general safety

. L provisions to be found in a shop. They .
-- are: . \ . R
a. Exits -- Emerdgencies may occur which

will make it necessary for one®to leave

the shop immediatedy. On entering the

shop, logate all exits so that all " )
A . workers can lgave quickly if necessary.

‘ 4

[y

- b. Emergency fire equipment -- Upon

< o entering the shop, look for the fire
extinguishers and fire alarms. They
should be in a c¢onspicuous and acces-
sible place. (§ranspafency I-2-1)

A}
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c. Emergency.aids -- A portable 18
t .~ first-aid kit should be provided to , -
. . apply simple aid to minor cuts,
abrasions, and burns. It is usually
located in a wall cabinet designated by
) " a green cross. Eyewash bottles and
fountains are usually supplied at.the
fitst-aid station and in the immediate
v area where hazards may exist, including
such work areas as welding, sold&ring,

painting, and masonry. (Transparency !
I1-2-7)
d. Main power disconnect -- The electrical

service has been provided with a main™
disconnect switch to all electrioc pow-
dered tools and machines. - Its purpose

’ is to provide a push button for rapld
emergency disconnect for all equipment
except lights. ) ,

—

s . e. Safety zones and lanes -- Movement of
people and materials through a shop is
.- greatly improved if a shop "is kept.
clean and safe traffic 1anes and zones
are marked and kept open.r Each piece
of power equipment .requires floor area
in which an operater can successfully °*
- move without obstruction. Traffic -
) lanes to exit doors and through the
- shop are a safety requirement. Look
' .around, observe potential hazards, and
e correct those that canm be corrected.
’ Report those hazards tha& were not
corrected. -

7. ' Preparing for safety at the work station:

a. As a skillful shop worker, one must
take as much pride in the use, care, ﬁ?
. and maintenance of the tools and
¢ " machines one works with as the qualJty
of- the work which one produces.- To
apply skills, the worker must have
tools and machines of the proper type
‘ ] and condition. Proceed as follows:

1) Remember where‘the tool came from
so that it can be placed back in
o the original lomatlon.
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e

o ‘—$¥3 Follow established proced&tes' 19

for obtaining tools. If tools are

to be assigned or signed out, do

+ not violate thkis rule. v .

3) Check condition of tool upon \ w

receipt. If the tool needs repair,

tell the supervisor or see that the
tool is repaired before use. .

4' . v
4) Use care in handling tools.

Safety precautiéns to be observed at
the work station. They are discussed -
under the following hegdings: §\\

1) Guarding floor openings and storage
areas, . )

2) Providing for proper lighting,

3) Checking. for proper ventilation,
4) Checkirtg for caution areas and .
protective signs, ané Z

5) Checkind for guard rails.
Electricity may, be supplied in three
different voltages. 1It'is important
that a person be able to identify the-
outlets for each voltage. Power tools
and machines are designgd to operate on
only a specific voltage Serious.dam-
age and fire ¢an result if one uses the

-incorrect voltage.

Compressed air is used for operating.
portable &ir tools for spray painting
and cleaning. Use a "safety-blow"
nozzle for c]oanlng with compressed*
air. This :educes the’ discharge.pres~
sure so that' it won't be more than 30
psi. See to it that hoses are equipped
with quick attach couplings. ,Take care .
when removing them from the supply
line. They can slip out of your hands '

‘and cause a whipping action which could

strike like a snake. Check for damage
hose and connections. Do not turn air
pressure toward others or toward your
skin:




&
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-

e. Hydraulic power is most commonly - 20
used in jacks. Hydraulic jacks are not
dangerous from the extremely high fluid
pressure because it is contained in-
side -the steel jack. . There is a danger
of using a jack that is too small for
the job.. Also, remember that jacking
is for raising heavy loads, not holding
them. Always use jack stands.

f. ¥n shop work one will need to use
solvents' and chemicals for cleaning,
paintipg, and gluing. A person must
understand that these materials can be
very toxic and flammable. Avoid
contact with the skin and inhalation of
fumes.

Understanding the color code: Color is
used in many school and industrial shops
as a method of increasing safe working
conditions. - Color affects the “éi:ii
senses of the mind and can reduc esse
and general, fatigue.  Study the safety
colors in the shop or work area and learn
what they mean. (Transparency I-2-J)

4 ©
Preparing to leave the work area: Always
leave the shop in a clean and orderly
condition. A clean shop not only looks

‘attractive, but it is much safer for all

who use it. (Transparency I-2-K) -
a. Check the check list:
1) Store hand and power tools, ‘ <
2) Secure stationary pbwer tool;,
3) Store welding equipgent,

4) Stére usable materials and sdp-
plies,

5) Dispose of scrap metal, filings,
and chips, -

’

6) Dispose of hot metal, ,

R Dispose of waste liquids,

8) Dispogs of sawdust and absorbent

103
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9) Dlspose of scrap lumber, 21 l

1Q) Clean the workbench and floor,

B 11) Store safety equipment, and

[ 4

12) Do personal clean-up.

3
b.. It is a good safety-.practice to let the .
. following ‘thoughts run through one's
mind as check-off items for securing
. the shop.
1) 1Is the lid closed on the parts- .
) cleaning solvent tank? .
2) Are the air hoses unéBupled and'
stored?
3) Are-traffic lanes open?
4) Are fire extinguishers accessible?
i 5) Are waste cans properly covéred?
6) Can one hear any machines run-.
ning? (Are they turned off and
unplugged or dlsconnected°)
" 7) Are extension cords properly
stored?
. 8) Are ventilating or exhaust fans
- co turned off?
9) Are tool cg£inets locked?
' 10) Are windows .closed and locked?
. : 11) Are security lights on?
- ) Lights out?
12) Is electric power locked off?
.
13) Doors locked?
C. Student Activities
<T 1. .Have the ,students discuss personal shop- '
‘ related accidents -that have happened to
N them or someone they know., List the
E reason(s) why the accident occurred and'%ow

it could have been prevented.
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%
Students should identify why it is 22
important to protect themselves as well as

others.

List the five human factors which contribﬁ
ute to shop safety.

Describ& what causes the largest percentage
of accidents.

Have the students make a safety check of
their homes (preferably a home shop) to
list any potentially dangerous situations.

Write how shop safety saves time and money.

Make a diagram showing the equipment
placement with the safety rules and
precautions for each.




SHOP SAFETY

‘v
’ -
y
A
' '? \
? SAFETY
\\ AM
Resporsivle
— 110
L |
MOST ACCIDENTS ARE CAUSED BY UNSAFE YOU ARE RESPONSIBLE FOR THE SAFETY
ACTIONS OF INDIVIDUALS OF YOURSELF AND OTHERS
"3y . . .
! CARELESSNESS. . . RESULT

CARELESSNES 4 HAZARD = ACCIDENT

TRANSPARENCY [-2-A
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SHOP SAFETY HAND, TOOLS'

_handles are checked -
before using tool

\

sharp edge thols carried In
pockets are very dangerous

worn tools cause
hand injuries

/I W\ g

files without handles™ wrench used ‘Improperly
are dangerous shop tools may <break causing Injury

§ .
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SHOP SAFETY HAND TOOLS

" dull wood chisel slips " ‘mushroom head cold
causing Injury chisel--sliyer causes Injury.

_possible injury to body
py" Tmproper tool use

tool can cause Injury
. LY

j " impropér use of hand

| ST TRANSPARENCY 1-2-C




TOOLS IN PROPER PLACE. -

TRANSPARENCY ° I'-'fZ-D ‘




PERCENTAGE OF ACCIDENTS

' -

POSITION AND ACTIONS OF
PEOPLE |

IMPROPER USE OF TOOLS AND ]
EQUIPMENT- ’ s

"INCORRECT (11)
PROCEDURES

LACK OF ‘ : (1) .
ORDERLINESS

.
\

CAUSES OTHER THAN BY (4) ]
PEOPLE .




¢ s

. PERCENTAGES OF BoDILY INJURY ' ]

s

/

| THERE ARE MANY HAZARDS IN SHOP WORK THAT MAY CAUSE INJURY

TRANSPARENCY [+2-F 112




NEVER SAW ONE,
BUT I CAﬁa

\

OPERATE ONE!
NO
PROBLEM

Develop a positive attitude

toward developing safety habits

WHAT HAPPENED
DID YOU GET HIT
BY A TRUCK?

MEMORIAL |
HOSPITAL

NOPE!
JUST CARELESS WITH
A POWER TOOL IN

TRANSPARENCY 1-2-6
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PROTECTIVE
MOUTH PIECE

PROTECTIVE
ELBOW GUARD

HIP PADS

SPECIAL SHOES

.
GLOVES
SAFETY GOGGLES

" CLOSE-FITTING
CLOTHING

¢

PROTECTIVE HELMET
" FACE MASK

SHOULDER PADS

KNEE PADS’

TH2S IS A PROFFESSIONAL WHO IS PREPARED
FOR ACTION M

SAFETY HELMET
EAR PROTECTORS

SAFETY SHOES

TH1IS PROFESSIONAL 1S PROPERLY
PREPARED FOR SHOP WORK

TRANSPARENCY [-2-H
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~ SHOP SAFETY 3

\\

FIRE - EXPLOSIONS

e

RIS :

[IGASOLINE

Y

' v
b , 1
gasoline is not fire control equipment ) /
a safe sofvent ' ~ '
~

certain shop fires require
special fire chemicals -

for welding and .
cutting containers

TRANSPARENCY ‘1-2-1
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SHOP SAFETY

, : COLORS
'} throat and
guard .4range

by
1)

hli;hly v
‘ : flammable
inside wheel 1714 red

2
ph

yellow e S

VN

) shop solvent

‘body vista or
fight green

5 9
rall yeliow ~

==

N

.

g stalrs yellow
Ny and black

backgrouhdh

AN

— fire equipment stailrs

orange

fuse box - first ald safety green

TRANSPARENCY
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goggles protéct the eyes
. & clean shop Is a safe shop on some jobs

\

welding * ¢

' heimet - prolled up sleeves

buttoned
. no gf
clothes - ‘ , "D gloves
1

dress properly for
arc welding

. y
. TranspaArency [-2-K 117
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improper dress may cause injury
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INSTRUCTIONAL AREA: Agricultural Mechanics

-

INSTRUCTIONAL UNIT I: Orientation

1

LESSON 3: Identification, Care, Storage, and Proper Use of
Hand Woodworking Tools

I. Preparation for Instruction -

-

,

®*A. Objectives ,

1.

3 ~ 3 » 3 ’
*Terminal: Identify various common wood-

working tools, their care, storage, and
proper use, in the &gricultural mechanics
shop. { :

v‘v
Specific:

a.. Identify common woodworking tools found
in the agricultural mechanics shop.

b. Contrast the different types of care
and storage of various woodworking
tools.

c. Describe how rust may be safely removed
from tools. - '

d. Describe the three rules to remember to
get the most out of your tools.

e. List the handtool safety rules.

f. Demonstrate the proper use of nail

hammers. .

g. Demonstrate the proper use of hand-
planes.

h. Demonstrate the proper use of ‘hand
saws.

i. Demonstrate the proper use of wood
chisels.

j. Demonstrate the proper use of the brace
and bit. ,

k. Demonstrate the proper use of hand
drills.

1. Demonstrate the proper use of screw-
drivers.

m. Demonstrate the proper use of measuring
and marking instruments. . *




’ 1. Phipps, Lloyd Ji. Mechanics in Agriculture.
Danville, Ill.: The Interstate Printers
and Publishers, Inc., 1967.

2. FOS sShop Toobls. John Deere Fundamental

Writing Service. Moline, Ill.: John Deere

Co., 1980. ¢
3. Vocational Instructional Services, Texas
“ A&M, Agriculture Mechanics Unit B, Topics

1, 2, 3, 4, 5, 6, 7, and 10.

C. Special Arrangements
1. Materials ’
. a. Various assortment of hand woodworking
tools., )
» -~

b Hand wood orking tool charts, pictures,
or manufacturers' catalogues.

2. Travel

Students visit local communitv woodworking
shops 3 i

3. Augiovisual
Overhead projector/trg%sparencies

II. Presentation of Lesson and Suggested Student
Activitfes

A. Motivation

1. Each stude will be required to build a
woodworking shop project using only hahd
tools. In order to accomplish this, the
student first must be able to ideniify,

- care for, store properly, and know the
proper use of the tools involved with
woodworking.

2. Learning all the "right ways" in which, one
utilizes woodworking- tools will increase
both efficiency and workmanship.

3. Tools are an extension ef the craftsman's
"right arm." It is imperative~then, that
: the craftsman becomes knowledgeable as to
the correct operating procedure and care of
tools. . -

ERIC = 119 -

Y -
B. Review Teaching Matfrials - 24 l



B. Content Outline 25

1.

2.

Every student should familiarize -himself
with the names of the different kinds of
tools and their uses. Much of the success
in agricultural mechanics depends upon the
proper selection of tools and their proper
use.

Knowing how to care for tools is exceed-
ingly important, since their usefulness
depends to a large degree upon their care.

a. Some precautions in the care of to
are as follows: ‘;JJL\““\<

1) Do not drop tools.
I'd
2) Keep tools clean and frJe from
rust.

3) Keep tools sharp.

4) Be careful not to bring the cutting
edge in contact with metal, or
nicking may result,

5) Clean and put tools away in their
proper places when through with
them.

6) Choose the proper tool. Do not
expect a crosscut saw, for example,
to rip satisfactorily.

b. All grease on tools should be carefully
removed with a soft material, or if
necessary,- by washing the tools with al
safe cleaning solvent. Rust may be
removed and prevented as follows:

1) Apply cleaning solvent and let the
tool sit for several hours

2) Rub and polish with oil and
2 pumice stone or with an emery cloth

3) Apply a thin film of light oil to
the surface of the tool before it
is put away ) -

Tools do not make the serviceman - but they

help. Knowing how to use and care for them
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will put one a step ahead of the 26
crowd. To get the best out of tools, re~
member these three rules:

a: Purchase only good tools,

b. Keep tools in safe condition, and
c. Use the right tool for the job.
Tool Safety Rules: 4

a. Use right tool. Don't force small
tools to do the job of a heavy-duty
tool.

b. Maintain tools with cafe. Keep tools
sharp or well-adjusted, cleaning them
periodically. Be sure handles are
secure%y fastened.

¢. Use safety glasses with many tools.
Also use a face or dust mask if a ,
cutting operation is dusty.

d.‘ Keep guards in place and in wvorking

—

order.

e. Keep children away. All shop visitors
should be kept a safe distance .from the
work area.

f. Keep work area clean. Cluttered areas -
and benches invite accidents.

g. Store idle tools. When not in use,
tools should bg stored -- out of the
way. Dlsconnect all power tools when
not in use.

h. Wear proper apparel. Loose clothing
- can get caught in méving parts.

i. Secure work. Use clamps or a vise to
hold work. 1It's safer than using one's
hands as it frees both hands to operate
the tool.

j. Don't:force a tool. It will do the job
better and safer. at the rate for which
it was designed.

k. Don't overreach. Keep proper footlng
and balance at all times.
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Use

Pull on wrenches - don't push. . 27

If one must pash, use the bas f the
palm and hold hand open. Thi:\gsaa’w?y
to save knugkles. o
Hold pointed tools away from the body.
This will avoid possible injury if the
tool slips.

Ground all power tools. Use a three-
pronged plug or an adapter with wire
attached to as«known ground. -

Have ggod lighting and ventilation.' Be
.sure bench areas are well-lit and that
exhaust fumes are drawn out of the
shop. .

Keep a first-aid kit 'handy. Treat all
minoyx 1n3ur1es at once to prevent in-
fection.

of Nail Hammers:

Selecting nail hammers:

1) The most common nail hammer used in
the agricultural mechanics shop is
the curved claw hammer. The second
most common hammer is known as the
rip hammer or ~the straight claw
hammer. (Transparency I-3-3)

2) The most common weights of nail
hammers ranges from 13 to 20
ounces. A 16-ounce hammer is the
most .popular, and it is known as
the standard hammer size. 'The size
of the nail will determine the
weight of, hammer to select.

«3) The claw hammer is used for driving
and pulling nails. It is better
for pulling than the rip hammer.
‘Rip hammers are used mainly to .
A%;smantle or tear down structures

ade of wood and to drive nails,

Driving nails -- the following. steps
should be observed when driving nails:
(Transparency F-3-B)

1) The hammer handle should be grasped
near the end. Check the face to

lw Ly
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e . see that it is clean, and 28
; , check the handle for splinters and
‘ inset in the head. . )
2) Place the face of the hammer on the
) nail, then strike it with a light
. . blow to start the nail. The nail
' \ . should be held by the thumb and

' " L

3) Deliver the remaining blows by.
putting thé shoulder, elbow, and
wrist into the action and striking .
the nail squarely on the head to :
4 prevent bending it and marring the
wood, .

4) The last blow or two should,be
lighter than the power blows in the
center of the operation. This may

X prevent or eliminate hammer marks.
i at the nail head.

- -fingers near the nail head. . i

c. Pulling nails -- the steﬁs in pulling
nails include:

L 1) Nails are pulled without damage to
: the hammer and the board by first
slipping the claws under the nail

. head and raising the hammer handle

. until it is vertical. . :

2) Slip a block of wood under the head
. ofs the hammer while it is in the
vertical position and continue

pulling the nail unless there is— .
* too much strain on the handle.

/

. 3) It is better to pull a bent nail,
caused by driving, gnd drive a new
one in a new place. !

-

&

4) 'If pulling the nail requires
putting too much pressure on the
haimer handle, a wrecking bar
should be used instead. ’

v - . -
; ~ 4. Setting nails g
- flooring nails-are used it may be - .
. necessary to set the heads below the
. o surface 1/16 of an inch by using a nail
e set. The set is braced by a lower ,
finger and tapped 1lightly with the . -

« ? -
H
f . »
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_hammer.,iNall sets xange in. - 29
size from 1/32" to 4/32" at the tip or
point.

Use of a wrecking bar: The most coﬁggn
ripping or wrecklng bar is ‘24 inches in
length. It is a gooseneck for pulling
nails and has a wedge shaped, slightly bent
end for prylng loose boards. They can be
found in sizes from 1 to 3 feet in length.
Most wrecking bars are made of 3/4 1nch
octagon-shaped -tempered steel.

A wrecking bar is.necessary in pulling .
large nails, wrecking buildings, opening
wood crates, and dismantling many kinds of
wood structures.

Use of a Hand Plane:
a. Purposes:

1), Planing small and large pieces
of boards to smooth the surface,
either on the face, end, or edge.

2) Planing to straighten and smooth
surfaces for 301n1ng boards by
gluing.

3) Planing to cortéct the size or
dimension of an object or. piece of
material. For example: doors can
be fitted to the door frame by

planing.

4) - Planing to eliminate twists or
crowns (high parts in the face cf a

board).

[ 3

.. 5) Hand planes are also used where
jointers and planers are not
available to smooth cut a board to
a certain size, or to correct board

defects. -

. b. Selecting the plane according to the

job to be performed:- (Transparency
I-3-C)

1)’ Jack plane -~ This plane is the )
. most commonly used of  the many

_ types of hand planes. It is from
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2)

3)

4)

5)

11% to 15 inches 1636 and 30
is used mainly to ‘smooth the .
surface by ‘‘cutting with the.grain.
The most commonly used jack plane
is 14 inches long with a 2 ireh
wide blade.

Smoothing plane -- A.smoothing
plane is from 5% to 10 inches in
length. It is used mainly for
smoothing, surfacing, and finishing
work. It can also be used to work
end grain on boards. A plane 8
inches long with a 1 3/4 inch wide
blade and is con51dered standard.

Block plane -- This plane is used
for cutting end grain or working .
small pieces of materials. The
average length of this plane is
about 6 inches.

The fore and jointer planes ~--
These planes are used for straight-
ening the edges of long pieces of
material or wood objects. The fore
plane is 18 inches long, and the
jointer plane is 22 to 24 inches
long. Both the fore and jointer
planes are also used for smoothing
edges.

Special planes -~ The rabbet (for
rabbeting edges), combination (for
dadoing and grooving), and the
circular plane (for planipg ‘con-
cave or irregular surfaces) are of
less importance to farm carpentry
than the jack, smoothing, anhd block
planes. Generally, special planes
are used only for the finishing
type of work. The duplex or full
nose rabbet planes can be used to
plane into corners. The most
commonly used rabbet plane is 8
inches long with a.% inch blade.

-

Assembllng the Jack, smoothlng, fore,
and jointer planes:- (T%ansparency
1-3-D) .

1)

The plane iron bevel (cufting edge)
must be opposite the plane iron cap
when the two are put together. It

o




2)

3)

4y

" is placed on the cap so that 31

he c¢ap will not
ane iron

the curved patrt o
bggdragged over the
edge. '

The plane iron cuttipg edge should
protrude from 1/32 £o 1/16 inch
beyond the plane ifron cap, or about
one-half the thicKkness of the plane
iron.

The plane iron assembly should be
placed on the plane frog so that
the plane iron lies on the frog and
the lateral adjusting lever.

The lever cap is placed against the
plane iron cap, the lever cap screw
is fitted in the narrow part of the
screw slot, and the cam is pushed
down against the plane iron cap.

Adjusting the plane: (Transparency

I-3

1)

2)

©3)

-E)

With the plane held upside down,
the protruding cutting edge (1/64
inch or the thickness of a sheet of-
paper) is adjusted evenly across
the plane bottom. The entire Llade
should cut evenly. :

The depth of cut should be made by
turning the adjusting nut that is
found in front of the i:andle.
Plane iron setting (angle and
depth) may be also made™by placing
two fingers on each side of the
ifon or protruding cutting edge.

The block plane is assembled and
adjusted in a similar manner as the
jack plane except there is no plane
iron cap attachment.

Proper use of the hand plane:
(Transparency I-3~F and G)

1)

Holding the board or stock =-- The -
board may be placed in a bench vise

for edge planing, or a V-shaped

block may be used to hold it -

securely.
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" 2) A board may be held for faée 32

| . . ) planing by nailing a stop block to
: the table or by clamping a stop
~ ) block firmly to & work table..
o 3)- The board should be held so that

- face and edge planing is accom-
plished by pushing the plane with
the grain of the wood. ~

4) Making the plane stroke -- One hand
.is placed on the handle and the
. . other on the knob, and the plane is
placed on the board at the back of <L
the area to be cut before any pres-
sure is applied in making the
stroke. .
5) At the beginning of the stroke, ’
~ pressure is applied on the knob;
near the middle of the stroke the
pressure should be the same on both
front and back of the plane; and at
the end of the stroke the pressure .
. should be on the handle of the '
J . plane. .

)
~ e

6) The plane can be lifted slightly,
the heel lifted slightly, or the
\ plane tilted to prevent dragging
the blade over the surface on the
return stroke. When not in use,
the plane should *be 'laid on its
side. .

. 7) -strokes made by &¥block plane are
short. It is‘uséé in one hand with
the forefinger placed on the finger
rest. - ' 2.

7. Hand Saws:
a. 'Types:

1) Crosscut saw -- The crosscut saw is
the most commonly used of all hand
saws for general farm work. Teeth
on this saw are shaped to cut . K
across the grain of wood. From o
g perpendicular, the front of the . o
tooth is 15 degrees and the back. 45
degrees. The most commonly used
crosseut saws have from 8 'to 11




2)

3)

4)

5)

-~

teeth per inch of blade. - 33
The length of blade varies from 18
to 26 inches. The longest blade

is the most popular. Fast and
coarse cuts are made with a small
number of teeth to the inch.” Ten
and 11 point saws are used’ to cut
finishing materials such as
moldings and door facings.
(Transparency I-3-H)

Rip saw =-- This saw is used to cut
with the grain. The overall angle
of rip .saw teeth are the same as
those of a crosscut saw, but the
forward angle is only 8- degrees
from perpendicular. Teeth cutting
edges are square, and the back
angles are 52 degrees. The most
popular sizes aré 24 to 26 inch
blades with 5% to_ 7 teeth per inch.

Compass saw -- This saw is used to
cut curves and circles, starting a
cut from a hole bored by a brace |
and bit, and to cut holes for pipe
outlets. The blades taper from
back to front. Compass saw blades
are 12 to 14 inches in length with
8 teeth to the inch.. The shape of
the teeth resembles those on a
crosscut saw. (Transparency I 3-I)

L

Keyhole saw -~ The keyhole saw is

- used to saw "cutouts." It may be

found as a single blade saw or a
nest of saws (one handle with two
or three replacement blades). One
of the blades is used for cutting
metal. This saw resembles the
compass saw, but the standard
blades range from 10 to 20 inches
with 10 to 15 points per inch.
Curves, holes, and straight sawing
cuts are usually smoother when done
with a keyhole saw than with a

.compass saw.

Coplng 'saw —- This saw is des;gnea

‘to cut thin or light wood. It is

used to cut curves, for scroll
work, and for shaping the ends of
moldings. Blades of this saw are
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about 1/8 inch wide and 34
are made of thin metal. The
overall length may vary from about’
6% to 7 inches. with 15 points t»
the inch.
Backsaw -- Backsaws are used to
make accurate and smooth cuts. The
large backsaw is known as a mitre
box saw: They may range in length
from about 22 to 30 inches. The
width of the reinforced blade
variesdérom 4 to 6 inches. Small
backsa are found in lengths from
10 to 16 inches, and the number of
teeth per inch may vary from about
11 to 15. All backsaws and doeve-
tail saws are reinforced the full
length and down the back edge of
the blade.

b, Proper use of the different types of

handsgws:

-

1) Crosscut saws

a) Assuming the material is on a
sawhorse or in a vise, grip the
saw handle and place the index
finger forward on the handle.

[

)

Place the free hand in a posi-
tion on the material to be
sawed so that the thumb can
serve as a guide for starting
the blade.

Hold the saw blade so that it
is at a right angle to the
stock and‘the\saw cutting edge
is 45 degrees' to the surface

being cut.

Start the saw cut by placing it
on the waste side of the line-
and use draw strokes until a_
'startiny groove is formed.
Maintain the 45 degree’ angle
and take long even strokes as
the saw cuts through the stock.
If pressure is applied, it
should-be on the downward -
stroke.
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2)

3)

4)

Ripéhw ~ 35

a)

b)

Compass;and keyhole “Baws

a)

b)

c)

d)

e)

"larto the stock. , T,

" hole.

Use the same procedure when
sawing with a ripsaw except for
changing the angle to 60
‘degrees.

If the saw is pinched when

ripping a long board, use a
wedge to spread the pieces

apart.

After the stock has been ,
marked, start the cut by either
a light forward or backward
motion. : ’
Hold the "saw in the proper

position. For example, if the

cut is to be  square, t saw ;
blade must be held perpendicu- L

-

S

To cut a hole or cut an area
out in a stock, firgt bore, a
hole and start the cut in the

Cut curves and holes by slight-
ly twisting the handle in the -

direction of the cut. “ s

v

When sawing "sharp curves and
small holes, use the point or
pointed part of the saw blade.

Coping/ saw ) 3

a)

b)

-

Check the blade. to determine
whether or not the teeth are
pointing toward the handle and
the blade has proper tension.
The blade is more likely to
kink if it is inserted to cut
on the forward stroke.

Hold -the stock firmly in a

vise, bracket, or saddle in
order to make a smooth cut.

.7130
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Turn the blade in the - 36
frame to keep the frame from

touching the stock. Usually a
quarter of a turn is adequate. .

Make long, steady, slow
strokes. Fast strokes tend to
heat the blade and: increase thHe-
possibility of kinks.

Release the tension on the
blade when the saw is no longer
used . ’ “

Backsaw

a) Start the backsaw cut in the
same manner as a crosscut and
ripsaw cut; that is, pull the
saw backwards to make the
initial cut.

If the saw is used out of the
mitre box, the thumb may be
used to guide the blade on the
line until the saw begins cut-
ting the stock on the forward
stroke.

#

When using a mitre box to cut
in either a 90 or 45 degree
direction, place the stock in
the box nearest the body and
use the free hand to hold the,
stock. The thumb of the free
+hand ,is not used to guide the
blade, but the index finger is
placed along-the side of the
handle. .

8. Selection and use’ of wood chisels and
mallets:

a.

4

Description == Wood chisels are
selected according to the type of Wwork
that is to be performed. . Naturally, a
3/4 inch dado. work will require a
chisel larger than 1/4 inch and smalier
than 7/8. inches. A 1/2 to 5/8 inch
chisel will permit working room for
notching out and smoothing the 3/4 inch
dado surface. (Transparency I1-3-J)




Wood chisel sizes vary . ' 37
from 1/8 to 2 inches. The length of
blade ranges from about 3 to 6 inches.
Long lengths are.called firmer chisels.
Médium lengths are called pocket
chisels. Short lengths are called butt
chisels.

Socket chisels -~ This is™“the most
common type of chisel used in farm
carpentry. Because the handle is
fitted into a steel socket, the chisel
can withstand harder blows from the
mallet. These chisels are used for
rough woodwork and framing. The most
common sizes are 3/8, 3/4, and 1% inch.

Tang chisel =-- The handle of a tang
chisel is similiar to that of the
sgcket chisel except that the tang is
fitted into the handle. Less driving
pressure should be applied to the tang
chisel than to the socket chisel. Tang
chisels are better for hand work, such
as paring, because of their light
weight and balance. The tang of a
chisel is the spike-like or file-like
handld part of the chisel fitted into
the handle. This type of chisel
usually has a plastic handle.

Steps in making a cut with a wood
chisel: (Transparency I~-3-K)

1) The board to be worked should be
fastened firmly. A vise is the
best method to use for short wood
stock.

2) The chisel cut should be made with
the grain to prevent the. board from
splintering or splitting.

3) One hand should be used to guide
the chisel blade, and the other
hand should be moved slightly from
right to left as pressure is ap-

“plied to the chisel handle.

4) The bevel should face 'down when
making rough cuts, and it should be
face up when paring or finishing
materials.
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The first cut over a 38
surface may require the use of a
mallet, .whereas the finishing cut
of the same work should be done by
hand. This method of chisel
cutting is used mainly for making
joints.

Care of the chisel while in use:

1) The chisel should be laid on a
table with the bevel down to
protect the cutting edge.

The wood chisel should be kept
sharp and the cutting edge
protected from all metal.

A chisel, like all other tools, has
a certain purpose and should be
used for that purpose. It must not
"be used to pry open containers,
used as a screwdriver, and the
hammer should never replace the
"mallet to drive the isel.

9, Selection and use of the brac’:

a.

Description -- Braces range in size
from about 6 to 14 inches. The size is
determined by the brace swing or sweep,
that is, the distance across the di- °
ameter of the circle made by a com- -
plete sweep of the handle. A 10 inch
sweep brace is most commonly used to do
average work. (Transparency I-3;L)

The ordinary brace withdut the ratchet
may cost less than the ratchet brace,
but its functions are limited. The,
ratchet permits the boring of holes in
places where a full handle turn cannot
be made because of obstructing.objects.
The ratchet works both ways, forcing-
the bit forward or backward. It can

" also be -set so that the handle will not

swing. free in the. operation.
Corner braces are equipped with two

handles andla head. It is used for
boring against walls and in corners.

\
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1)

2)

3)

4)

4

5)

6)

. Selectioh of the more common 39
types $f bits: (Transparency I-3-=M)

The auger bit is used for boring
holes in wood. The tang on the
shank is usually square, depending
on the type of brace used. Auger
bits range in size from 3/16 inch .
to about 2 inches. A No. 11 bit
will bore a hole 11/16 inch in
diameter. The figure 11 ‘is

found on the shank.

The expansive bit is used to bore

holes ranging from 1 to 3 inches in

diameter. 'The blade or cutter may -
be adjusted for different sizes of

holes. The expansive bit is sim-

ilar to the auger bit in that it

has a feed screw that draws the bit

into the wood. It has only one

lip; therefore, it must be held

straight.

The Forstner bit is also used on >
wood. It can be used to bore holes

‘for dowel pins and to countersink

washers that are used with bolts on

wood. The sizes range from % inch

to 2 inches in diameter.

The twist drill bit, which is

sharpened with the same angle as

the round shank bit for metal, is .
used for both metal and wood -
boring. The more pointed bit stock
or. twist drill is used ‘for wood
only. The sizes may range from
1/16 inch to 1% inches in diameter.
Screwdriver bits are used to set or
.loosen screws or bolts with slotted
heads. The size is determinec hy
the width of the bit blade.' 'The
widths range from 3/16 inch to more
than.1/2 inch.

Countersinks are used to widen the
space at the hole entrance for oval
or flat head bolts or screws. The
head of the screw or bolt is set
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flush or slightly below the, 40

- ~' - surface. The size is determined by
the diameter of the cut made by the
largest part of the bit.

7) Gimlet bits are used to make holes
for screws in wood. The bit point
forms the tapered hple.. They vary
in size from 1/8 inch to 3/8 1nch
in 1/32 increments. -

€. How to start the hole by using the
brace and bit -- steps in starting the
auger bit include: (Transparen01es
I-3-N and 0) '

1) - Mark the location of the hole
center by crossed lines.

2) Start the hole with a sharp éointed
tool (awl or ice pick).

~ 3) Grasp the lower part of the bit
’ (twist) and place the hand against
” the board; at the same time insert
’ the point of the bit into the hole
at an angle

4) Raise the b1t ﬁntll 1€‘1 at a-
rlght angle with the work.

%) Test to see that the hole is beJng
bored squarely by:

a) Sighting the bit at right
angles,

b) Comparing the bit with the -
-nearest straight edge: The
sides of the bench .vise that
holds the material may be used
as a straight edge, and

c) 051ng a try square near the -
bit.

d) Boring the Hole:
(1) Pressure is applied by one -

hand when boring a verti-
cal hole. Usually, the




left hand is used 41
to put pressure on. the:
head of the brace.

(2) When boring a horizontal -
hole, place the left hand
over the brace head and
the thumb and forefinger
around the quill. The
stomdch puts pressure
against the left hand.

10. Types of drills operated by hand and thelr
- purposes: (Transparency I-3-P)

a.

Description -- Hand drill purposes
include -- Drilling small holes, either
in wood or metal, % inch or less in
diameter.

Form holes or openings for screws,
nails, bolts, and other materials where
openings are necessary.

Push drills are used mainly to bore

holes for small screws in wood and °

other soft materials. A push drill is
made to bore a hole less than 1/4 inch
in size. Most push drills have a set - -
of bits ranging from 1/16 to 11/16 in
size stored in the handle. This drill

. may be operated by one hand. while the

other hand is left free to support the
work.

Breast drills are designed for heavier
work than either hand or push drills.
They are.usually constructed with ad-
justable handles and two speeds. The
drill is made to bore a hole up to %
inch. The breast drill is for general
purpose work. in metal and wood. _

Proper use of a hand drill:
(Transparency- I-3-0Q)

1) The hand drill should be held firm
and steady while in use, regardless

S of the angle it is used on the

work.




. 2)

3)

4)

’

c. Steps to follow when drilling a hole
are: g . (

. l~)

2)

’

3)

r*—““’ other means’ ..

4

4)

- 5)

6)

,to unwind on the backward stroke,

‘bit is necessary in forcing a

metals.

e . T :
»The handle -of the hand drill 42
may be held against the body,
releasing the hands for the crank
and side handles. This is the way .
a breast drill is wsed. St —

The handle of the hand drill may be
held against the body, releasing .
the hands for the crank and side
handles. The crank should be
turned-at a steady‘speed and not
"too fast. .

The push drill is used with one
hand placed on top of the kandle.
The return spring causes the drill

‘which helps clean the hole and.
forces the bit into a cutting
position. (Transparency F¥-3-R)

Y .

»

-

The. center ‘of the hole should be

marked with an awl or similar tool.

for drilling soft materials and

with a center punch for metals.. e

A drill bit of the proper size
should be selected (the diagmeter of
the cutting part may be sllghtly
smaller than the large part of the
screw or bolt for soft materials,
and®-it should .be the same size for
metal materlals) ~ -, '

The stock.being drilled. should be
held firmly, either in a vise or by

On metal, a drop or two of oil
should be used at the place of
drilling.’ . .

The pressure should be eased as the
drill breaks through the surface.

A small pilot hole made by a smali’

larger bit through certain wotds or

t




11.

7) To drill to 'a certain deptﬁ%’ 43

make a depth gauge from a piece of
wood. The piece of wood is drilled
and slipped .over the bit.

8) To clean a drilled hole, turn the
bit in the drilling position as it
is withdrawn from the stock. The
bit should be removed frequently
during the drllllng process to
clean the hole.

Selection ‘and use of screwdrivers:

a. Description -~ Standard screwdrivers
“are usually from 1% to 18 inches in
length. The handles are either made of
plastic or wood with a blade that
extends through the entire length of
the handle. Screwdriver bits for
braces are about 5 inches long and
their tips are % fo % inch wide.
Spiral ratchet screwdrivers .are
available with several different types
of blades. -

- screwdriver should be selected
according to the type of work to be
performed.

A long-bladed screwdriver i% easier to
use than one with a short blade if
.enough space is available to work with
it. '

The standard screwdriver tip should be
square and no wider than'the screw
head. The tip should fill the screw
slot. The Phillips tip must fit the
screw slot.

b. Results encountered when selecting an
improper screwdriver for the job are:
(Transparency I-3-S)

1) The tip wild scar the wood around
the head of the screw if it is too
wide. *

2) If the.tip is curved it will mar.
both the screw and wood. The
screwdriver cannot be kept in the.
.screw slot.
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-3)

4)

-5)

Screwdrivers that are too ' 44
short are difficult to use because

‘the tip cannot be kept in the screw

slot if the. handle is not kept in
line, ~ -

A small tip should never be used on
a large screw; the screwdriver tip,
screw slot, and the surface of the

‘material may be ‘damaged.

A tip that is too large for the
screw slot will damage the screw
and the sirface of the material if
it is forced into the screw slot.

c. Using the different types of screw-
drivers: (Transparencies I-3-T and U)

1)

2)

4)

Standard screwdrivers -- The handle
is placed in the palm of one hand
and the blade is guided with the
other hand by holding it near the -
tip. The blade is kept parallel
with the screw or bolt as it
rotates. The hand near the tip
keeps the tip square on the.screw
head as a new grip is placed on the
head or handle. .

Spiral-ratchet screwdrivers -- This
screwdriver can be used in awkward
places forégriving or drawing
screws. One hand is placed on the
handle without releasing the.grip.
The other hand is placed on the
chuck. The handle is pushed
straight. ) '
Serewdriver bit -- This bit may
have a tapered or round shank. If
it is used with a ratchet brace, a
quarter or half turn will keep the
bit from slipping in the screw

Slot. Pressure and balance are

supplied by both hands on the brace
when driving a screw into the wood.
Large screws can be driven more
easily with bits than with the
standard screwdriver.

Phillips screwdrivers -< This
screwdriver has a special slanted
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tip that is cross-shaped 7 45
to fit into a. Phillips cross-shaped
.screw slot. The driving method is
the same as for the standard screw-
driver.

5) Offset screwdrivers —- The offset
screwdriver is used to drive screws

\ in close places where other types

. of screwdrivers cannot be used.

There is a short blade on each end,

bent in the opposite direction and
at right angles to the .handle. One

of the blades is in the same plane

as the handle. Usually it is nec-

essary to use both ends in driving

 a screw.

d. Misuse of the screwdriver:

1) The screwdriver is not a pry tool; ,
therefore, it should not be used to
replace such a tool.

2) Even though the screwdriver blade
is bradded on top of the. handle or
permanently set in a sturdy handle,
it should not be used as a chisel,
nor ghould a hammer.or mallet be °
used on it. -

c

3) Screwdriveyr blades are usually
either round or square. If a screw
is hard to withdraw or set, pliers
and wrenches should not be used on
the blade to give the screwdriver
extra power. The screw head may be
sheared off or the tip of the
screwdriver broken.

4) 1In some cases, screwdrivers are
used as mixing tools for paints,
glues, and oils. Unclean tips will
slip out of the screw slots; there-
fore, they should not be used as

+  mixing paddles. -

12, Measuring and Marking Devices:
a. Squares

1) Framing or carpenter's square
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a)

b)

'gradgftions.

Description -- This .46
square is L-shaped with a 24
inch long and 2 inch wide body
and a 16 inch long and 1% inch
wide tongue. The blade and

- tongue arrangement forms a

right angle. On most sgquares
the inch is divided in several .

~

The framing square may have the
following tables on the tongue
and blade: brace table, for
laying out common braces; the
rafter table, which gives the
lengths of different types of
rafters; the octagon table, for
making eight-sided objects; and
the Essex table, fai¥determin-
ing the board feet.

-

Use (Transparency I-3-V)

(1) Boards are squared for
gutting by placing the
blade firmly against the
edge of the board and
marking against the
tongue. '

(2) Another use is to lax out
angles by observing a-
certain distanceé of the
blade and the tongue .as
used for rafter cutting ox
making polygons and cut- s
ting at 45 degree angles.
For example, using the
same number on the blade
and tongue (6 inch blade .
and 6 inch tongue)}, cer-
tain points on the edge of
the board will give a 45
degree .cut or angle. It
can also be used for
‘measuring lehgth.

2) Tr§ sqﬁare |

{a)

Description -- The try square-
most commonly used is a 6 :
inch blade. The handle is not-
used for measuring. The blade

[




is graduated into 1 . 47 -
inch, % inch, % inch, and 1/8°

inch lengths. Actually the >
blade length may vary from 6

to 12 inches. ‘

(b) Use -- It is used mainly to
test the squareness or accur-
acy of cuts. This square may
also be used for short -
measurements and laying out ..
lines across the face of a ,

" board from the edge. The try
square is similar to the
framing' square in that the
hand and blade form a 90
degree angle. (Transparencies
I-3-W ahd X) ,

3) Combination square

(a}) Description -- The combination
square consists of a face and
head. 'The head is equipped
with a spirit level. The
blade can be of several dif-

- - ferent lengths, but the 12-
inch blade is most commonly
used.” The common head has a
90 and 45 degree angle to.the
blade. It is-attached to the
blade by a slot in the blade's
center. The head can be moved °

' up or down on the blade. It
is’ graduated from 1 inch to
1/16 inch. C

(b) Use.-- The square can be used
as a marking gauge, straight
edge, try square, level, depth
gauge, plumb, or mitre square.
With a center head attachment,
it can be used to locate the
center of a round object.

. With a bevel-protractor head,
it can mark angles in degrées.
The blade can be used for
measuring short lengths. e

4) T-Bevel square

. (a) Description -- The most common
type has a .6 dinch blade with
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a 45 degree beveled end. ~ 48
The blade has a long center
slot which permits its move-
ment to- form a T-bevel or

angles. It is usually not-
) gradugted. .

(b) Use -- The main purpose of the
T-bevel square is to transfer
angles, bevels, and chamfers
from one stock to another, It

" can be set on any angle by
tightening the blade screw;
therefore, several boards can
be cut at.the same angle. .

b. Common types of rules: (Transparency
I-3-Y)
1) Zigzag or spring-joint folding

2)

3)

‘of an inch.
" push rules are equlpped with a re-

rules -- The zigzag rule is usually
six feet in length. It is gradu-
ated from one inch to.1/16 inch and
can be read both ways, from left to
right and right to left. Some of
the more expensive rules have a 6
inch extension which permits making
inside measurements of objects such
as door and window facings.

Bench rule -- The bench or one
piece rule is non-foldirig. It is
24 inches long and 1% inches wide.
It is graduated in sixteenths of an
inch on one side and eighths of an
inch on the other side.

Push and pull’rule -- The push and
pull rule is similar to a tape in.
that it rolls inside -a round metal
case. The metal rule is available
in many lengths. The most commonly
used length is 10 feet. .It is-
graduated in inches. Only one side
of the rule is numbered, but both
edges of the numbered 51de are
graduated in sixteenths of an inch.
Some rules . are graduated for ‘the -
first few inches in thirty-seconds
Several types of pull-

wind mechanism.
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The push and pull rule is © 49
for measuring layout work of both
short and long objects. The size
of the rule peimits it to be
carried in the pocket.’ Curved or
irregular surfaces may be measured -
by. this metal rule because of its
flexibility. When making inside
measurements, add the 2 inch metal
cast ‘to the measurement. .

Caliper rule -- This rule.is used
mainly to measure the thickness of"-
materials by taking measurements
between the jaws of the rule.

Holes and width of cuts can be madé
by inserting the jaws and reading
the inside measurement.

Identification and use of tapes:.

1)

Steel tape -- Steel tapes are
found in standard lengths of 25,
50, and 100 feet. The tapes are
graduated in feet, inches, and
usualIy to one-eighths-of an inch.

Tapes are used to make long
measurements, and a person can use
the tape effectively alone if the
rlng at the end or starting point
is hooked in place by a nail or
other holding device. The tape is
used on foundations, drive layouts,
and many landscaping jobs.

The cl8th tape -- This tape is
found in the same sizes and gradu-
ations as the steel tape, 25, 50,
and 100 feet being the most common
lengths. ’

The cloth tape can be used in the
same manner as the steel tape. It
may have a tendency to stretch, but
it will not kink, which may be a
common problem with the steel tape
if it is not used properly. On the
steel and cloth tapes with rings

at the end, measurements are read
from the tip of the ring. '




3) Marking gauge -- The 50
marking gauge is used to make
parallel lines from either. the
édge, side, or end of a board. The.
setting of the gauge is made by the
use of .a rule. A reading is taken
from the spur to the gauge.head by

. a_rule. It is necessary that the
g & head be pushed forward
agai t the stock so that the spur
moves at a slight angle.

Suggested Student Activities

1. Arrange the shop by placing a group of
handtools on each shop table. Each tooil.
should be properly marked and labeled.
Allow the students time to acquaint them-
selves with each tool. After the students
have observed and can identify each tool,
remove the labels and give an exercise
that allows the student to identify the
‘unlabeled tools. .

Py . -

2. Design shop exercises that will give the
student practice in using each major
grouping of handtools. Assign groups of
students to each group of tools. . After

" each eXérc1se, rotate the students so that
each works w1th each-major grouplng of .
tools. , .

3. Assign a small shop progect to be completed

by each student. The pro;ect should re-
guire the use of as many different types of
handtools as p0351ble.q

4. Assign students into groups of four. Each
group will design and make a poster illus-
trating the safety rule and procedures for
handtools. .

5. Assign students oral reports to Se given in
class that address the care and storage of
handtools.
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 SELECTING NAIL HAMMERS

14¢ -
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USING NAIL HAMMERS —

Use Flﬁger And
Thump To Hold Nalil

First - Raise Handle
To Vertical Position

p -
.
? 4 7 "
. ——— .
7

=)

, Néll Head Set

Use Nalil Set :
To Sink Nail Head \

I " - oo » ‘ 1/16 in. Below Surface
,. o S TranspareNcY [-3-B
JfRC | 147




TYPES OF HAND PLANES

BLOCK

JOINTER

RABBET .

TrRANSPARENCY [-3-€




/ Turn Plane Iron Cap To The Right.
It Passes Back Of Cutting Edge

Slide Plane Iron Cap to Within
1/32in. to 1/64in. Of Blade Edge |

—1

| Uit
i Cap lron Screw

3

Lateral Adjusting Lever

- Handle

' - Adjusting Lever

Plane Bottom

TrRANSPARENCY [-3-D




To Make The Blade Cut Evenly Adjustment
May' Be Made By Sighting Across It

‘Biade Setting May Be Ch:éked By The
Feel Of Two Fingers.

Plane Should Be Laid ‘On Its Side
To.Protect The Cutting Edge.’

v

TranspARENCY [-3-E
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-

‘Pressure Is On Handle At Finish

.- - %

Bloc_:_l; Plane

- Bevel
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~

" USE OF THE HAND PLANE -
CHECKING PLANED WOOD STOCK

*'“"\‘hf]lln U

.\ The Surface Or Face
' Should Be Checked For
Twist Or Crown

§
\
i
|

The Edge And Face Is
Checked For Squareness -
While Planing

©
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HAND SAWS

HANDLE

Transparency I-3H . 153 -




BACK SAW

t

TrRANSPARENCY [-3-]
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PARTS AND TYPES OF WOOD CHISELS |

Parts of a Wood Chise!

Bevel =

RS - . - U ——

A Tang Wood Chisel

TRANSPARENCY -‘I:—S—J
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-

STEPS IN CUTTING WITH A CHISEL

Hand guldlrig chisel

N

Bevei down ~—

‘Mallet
Socket Chisel

¢

-

TransPARENCY: [=3-K 156 =~ . ..




Cam Ring

Chuck Shell

N
>
4
. i N OANINIRE )
2 PSRN
2] i )
£ '3“\\‘4“‘\.'.'(;-:-. B -
3 e
4 Rioo] Posii e

| atchf ‘End
PARTS OF THE AUGER BIT

Auger Bit Size
Shank { :

> .Twlsg\

‘Feed Screw Spur

Cutting Edge

TraspARENCY 1-3-L 157



Expansive Forstner

Stcrew Driver

Countersink Gimiet

TR{\NSPARENCY [-3-1
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‘Opening Jaws - ,




Outside Block For Depth

Use Of Depth ’Gauge E
. 160
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TYPES OF DRILLS AND PARTS




USE OF HAND DRILLS

Drilling With a
Fush.Drill Motion
Down And Up

Piece of Wcod Used
to Gauge Depth of Bit




INSERTING AND REMOVING DRILL BITS

Inserting 3it Removing Bit

Inserting or Removing Bit

Removing Bit From Magazine

~

‘ « » | Trasparency [-3-R
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SELECTING THE SCREWbRIVER

Tip Should

Be Square Tip Should Be Tip Should Be

Proper Width Correct Size For Screw

4 Tip Too Wide Tip Curved
Correct Philiips Tip

Screw Driver Too
Small For Screw

o Marred
Screw Head

164
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. Standard Spiral-Ratchet - Phillips

Screw Driver Bit Offset - ’

f-'errule ‘ ,
Head

\

ernect 31 g5
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_ USE OF THE SCREWDRIVER

v

y

¢

|-
I

= — — . /‘
AT |

Hands For Standard Proper Position of | P’;v* ft\-s- »
‘ And Phillips Hands For Ratchet roper Position of

Hands For Use of
Screw Driver Bit .

4 <
| . _ Shank
M d
| VA
11 d1] L9 7
— N » ‘ =\ e\ fee——
99 U=
YA N ' . .
 Hole No. 11s Larger ‘Hole-Soft Wood % Thread Distance
»Than Ho|e~ No. 2 o Hdle-Hardwood Full Length of Scre_w, -
Fastening Wobd L L -
— Fastening Metal to Wood .
o , TRN‘?P@‘CY ‘ 165
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‘combination testing
45 degree angle

marking board

Tewsearency 134 165
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use of rule and

pencill for marking )“7 , o

use of pencil only
for marking

setting marking
guage with rule

6f board .

i ,
PR

-~ = . : |
L marking circles or
' ‘ e | transferring distance
i . \) ‘ ‘ ' ' ) ’ « .~ -7 N .
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RULES, TAPE AND MARKING ‘GAUGE |

|

.498001005080M Ut

zig zag rule

two-foot bench rule

folding rule

" shoe

by

spur or pin

‘ platé

‘y‘

marking gauge
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INSTRUCTIONAL AREA: Agricultural Mechanics

- INSTRUCTIONAL UNIT II: Woodworking
LESSON 1: Nails, Screws, and Fasteners

I. Preparation for Instruction
A. Objectives

1. Terminal: Describe types and uses of .
nails, screws, and other fasteners commonly
used in wood construction.

2. Specific:

a. List and describe types of screws.
b. State the characteristics used to
identify screws.

c. Define the term "perry."
d. List and describe common types of
nails.
e. Calculate nail length.
’ f. State the two main purposes for bolts.
g. List and describe common types of
bolts. .
.. - h. Explain the use of corrugated fasteners
o and. staples
o i.
. -
3. ‘
k. '

‘B. *eview Teaching Materials

1. Agriculture Mechanics. College
Station, Texas: Texas A&M University,
Vocational Instructlonal Serv1ces, Unit B,
Topic 8, 1979. ’

2. Wakeman, T.J. The Farm Shop. New York:
MacMillan Publishing Company, 1960.

C. Special Arrangements

1. Materials

R o 17i L




a. Exhibits of wood screws, nails, 52
bolts, and other fasteners as outlined
in the lesson.

b. ~Various types of nail and screw charts

. " depicting the different types of nails
. and screws and some of their common
& ~ uses. '

2. Audiovisual
- Overhead projector/transparencies

11. Presentatlon of .Lesson and Suggested Study
Activities ™

A. Motivation

1. It is important to determine what fasteners
and other hardware are needed, such as
nails, screws, and corrugated fasteners and
how these fasteners are properly utilized.

2. The shop project will require familiariza-
tion with all of the different fasteners
that are available for wood construction.

’ 3. There are many different kinds and uses of
nails. The right nail for the right job
will ensure correct assembly and result in
an overall more professional finish.

4




B. Content Outline - o . . 53

1,

\

2.

Types of screws used. on woodwork

. a. Flathead screws -- These screws are the

most, popular for attaching or fastening
pieces of wood together. They =se used
where the head is to be covered by a

‘'wood plug or dowel.. \ .

-

b. Round head screws -- Round head screws
are used to give the finished. article
an ornamental effect; and when washers
are used, extra holding support is
furnished for the object.

c. - Oval head .screws -- These screws are
used where it is ot necessary to have
the screw head flush with the surface.
They also give thegarticle an orna-
mental appearance.\ .

d. Lag or coach screws -- The big screws
resemble a bolt except at the screw
root. They usually have a square head
and are used where the regular screw is

- not strong enough for the work. Leg
screws are also used with an expansion
shield in brick, concrete, and rock
walls.

e. Drive screw -- The drive screw head is
similar to the flat head screw without
the slot. The screw actually turns as
it is being driven into the wood. It
Has an auger type of root instead of a
threaded root.

f. Phillips screw -- The only difference
between the flathead and Phillips screw
is the straight single slot in the
flathead screw and the cross-shaped
slot in the Phillips screw. The two
types of screws can be used for the
same purposes. The recessed -Phillips .
screw requires a special screwdriver.
It is considered to have a greater
drawing power than the regular head
screw. (Transparency II-1-A)’

Metals and finish of wood screws

a. Screws are made of steel, brass, -alloy,
bronze, and copper metals. .
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1) Steel screws are used for 54
ordinary work, and they are cheaper
than bronze and copper ScCrews.

2) Brass and alloy types of screws are
best suited for construction pur-
poses where the screw is subjected

»to moisture.

3) Copper screws are used mainly with
copper metals, giving the finished
product an ornamental appearance.

b. “Screws are finished in many ¢olors --
bright metal, blue, brass, bronze, and
copper. Some screws are painted in
various colors.

c. Screws are identified according to
length, gauge, finish, and head. For
example: a 1% inch number 10, flathead
steel screw is written %" - No. 10 F.
H. S., and the same screw in brass, but
round head is written 1%" - No. 10 R.
H. B. The gauge number of screws range
from 0 to 24 and the length from % to 5
inches.

Identification and use of nails e

The nail is one of the most commonly used
kinds of rough hardware. Nailing was one
of the first ways used to join pieces of
wood together. The early nails had four
flat sides instead of being round. They
resembled our present day horseshoe nail?

The term "penny," indicating the common
nail size (length), came from one of the
following sources of measurement in
England:

_a. Six-penny ‘and ten-penny nails could be

purchased for either a six pence or
* tenpence per 100 nails.

b. Oné thousana nails of a certain size ©
(six-penny) weighed six pounds.- ‘

The letter "d" is used as a symbol for

penny. < : .

Typet of nails most dommon;y»used are:
common, box finishing, roofing; flooring,

2
N

o 1*17.4" | )




&

"plasterboard, casing, and shingle. 55

The two general types of nails are wire cut.

a,

or cut nails. (Transparency II-1-A)

Common nails -- These nails are used
more frequently than any other type of
nail. They have flat heads and range
in size from 2d to 604. The larger
common nails are known as spikes. They
are used for round work where holding
power is important. They are used
mainly on rough work such-as framing,
fencing, and farm building. -

Box nails -- Box nails range in size
from 2d to about 40d. They have less
tendency to split the lumber than does
the common nail because they are
smaller in diameter. Box nails are
used for building crates, boxes, and
the nailing of siding. They are also
made of wire and have flat heads.

Roofing nails -- Roofing nails have a
very large flat head. The shanks are
of different sizes and types. The most
common shank is barbed. The nails are
used to install rolled or shingle
asphalt roofing. They range-in size
from about 3/4 to 2 inches. These
nails are galvanized.

Finishing nails --"These nails are used
for finish work. The heads are small
and barrel shaped so they can be sunk
below the surface and the holes filled
with a wood filler or putty. The sizes
range from 2d to 20d. These nails are

.used on cabinet trimmings and cup-

boards.

Flooring nails =-- As the name indi-
cates, these nails are used mainly for
nailing flooring; but they are used on
other heavy materials. The nail
diameter and head is slightly larger
than the finishing nail; however, the

. head can be countersunk. The flooring
. nail. ranges in size from about 74 to

10d. .

Plasterboard or gypsum board nails --
These nails are small with a flat head.
They range in size from 1 to 1% inches
in length.  They are used to join )
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b

plasterboard to a wood base.
These nails are also used to apply rock

i

lath (a base for plastering).

Casing nails -- These 'hails can.be used

for flooring, but they have a smaller

head and smaller shank in diameter than

does the flooring nail. The head can
be countersunk. These nails range in

size from 44 to 40d and are used mainly

for outside finish work.. They are
thicker than a finishing nail.

Shingle nails -- Nails of this type are
. small (3d to 6d) with flat heads used

primarily with asphalt shingles. The
galvanized box nail is used for -wood
shingles.

Hinge nails -~ Hinge nails are used

for lattice work and roofing because of

its holding power: They have oval or
countersunk flat heads and range in
size from 44 to 204d.

Other types of nails -- Other types of
nails are: masonry, duplex-headed,
ratchet, T, copper clout, lead-capped
metal roofing, and screw and plain
shank roofing.

Nail length can be ‘determined in the

-following manner: A 2d nail is 1 inch in

length and each .size thereafter increases
inch in length through the 164 nail. For
exampler A 6d nail is 2 inches and a 7d
nail is 2% inches in length. The gauge
also becomes larger .if the length increases
more than two sizes between 4d and 124

nails.

Identification and use of bolts.

a.

There are two main purposes for using
bolts and fasteners.

1)

e

v

Bolts are considered the strongest
of all fasteners for wood. They
are used where a strain is put on
pieces of boards that are jointed
together.

Bolts are used in heavy construc-
tion where it is necessary to

56
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assemble and disassemble 57
4objects.

Types of bolts most commonly used are:
carriage bolts, stove bolts, machine
bolts, toggle bolts, and lag bolts with
shields. (Transparency II-1-B)

1) Carriage bolts are generally con-
sidered the woodwork bolt because
of the square shank under the round
oval head. The square shank
prevents the bolt from turning once
it is set in the wood. The head
cannot be held by a wrench; there-
fore, it may be difficult to re-
move, especially if the bolt is
covered with rust. The length may
range from about 1 inch to 20
inches. These bolts are threaded
like machine bolts.

-~

Stove bolts are used for lighter
work than are carriage bolts. They
have round and flat slotted heads
and may be loosened or tightened
with a screwdriver. The stove bolt
may be purchased with a Phillips
head and in many sizes. The
-threads extend the full length of
the bolt. The length of stove
bolts ranges from 3/8 inch to 6
inches.

Machine bolts may be used .for-heavy
wood construction such as livestock
feeders, gates, and trusses for
buildings. The head of a machine
bolt can be held with a wrench
while it is being _tightened. The
size range is similar to a carriage
bolt, about % to 1% inches in di-
ameter, and the length is from 1 to
30 inches. These bolts are used
for heavy construction.

Toggle bolts are supplied with a
spreading head nut that opens as it
passes through thé wall; therefore,
its main purpose is to fasten ob-
jects by drilling a hole and in-
serting the spreading nut through °
the hole. It is tightened with a
screwdriver. The bolt is designed
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to join small objects to ~ 58
walls and other objects. :

5) Lag bolts are used with expansion
shields to fasten wood and other
materials to concrete, bricks, and
stone. When a lag screw or bolt is
inserted into a metal shield, the
shield expands in the hole as the
square head of the bolt is turned
clockwise with a wrench. This bolt
does not have a nut. When attach-
ing metal to wood or wood to wood
it is necessary to drill holes of

two sizes -- one for the threaded ~
part and one for the nonthreaded
part.

6)  Anchor bolts are used to fasten
sills and plate to concrete founda-
tions and walls. They can be made
in various lengths. Usually only
one end of this bolt is threaded.

of corrugated fasteners and staples
; P "

Corrugated fasteners are used to join

boards together such as corners and

butt joints in.windows and doors and

corners for picture frames. The

thickness of the corrugated ggsgéner

should be at least~1/8 inch Tess than )

the thickness of the board on which it = .~ 7

is used. The fasteners range in size i .

from 1 to about 6 inches in.width and

from % to 1 inch, in depth. Regard-

less of ;he-W1dth of the fastener, it

_ —sheuld be driven evenly 1nto the

material. .
Staples range in 'sizes from 3/8 inch to
2 inches. Wide crown staples have a

1 inch crown. They are used with a
staple gun.- Staples are used for mill-
work, asphalt shingles, butt joining,
and ceiling materials. Wire staples
are made in different sizes. The
staple used to construct barbed wire
and heavy net wire fences may be about
1 inch long, while the small mesh wire
staple -may be less than 3/4 inch in

. length. Fencing staples vary 'in length
. from about 3/4 inch to 2 inches.
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C. éugggsted Student Activities | T . 59

1.

Bach student.will be asked to identify
various types of screws, nails, and bolts
according to the characteristics discussed
in class. e ‘

. L. .8 “.
Each student will make-out.a bill of
materials required to assemble a-shop
project. The project should@ include
various screws,-nails, and bolts.- Each
student should specify the type(s) of
nails, screws, and bolts that will be

‘used. ’

Class will discuss the use of corrugated
fasteners and staples by giving examples of
how they are used. o

Each student should visit the loéal'hgrd-
ware store or lumber yard to make a list of
how screws, nails, bolts, corrugated ~
fasteners, and staples are categorized and
sold. - -
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'TYPES OF BOLTS AND OTHER FASTENERS

Carriage Stove

Expansion Corrugated fastener

T =

_— o ’ " Use of corrugated
. Wire staple §tandard st.aple ' fastener

-

TRANSPARENCY- 11-1-B
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INSTRUCTIONAL AREA: .Agricultural Mechanics

INSTRUCTIONAL UNIT II: Woodworking

LESSON 2: Basic Mathematics in Carpentry’

I.

Preparation for Instruction ° "

A.

Student Objectives

-~

-~ 2,

"skills in woodworking.

Terminal: Describe the use of baéic math

Specific:

“Importance of learning
basic math skills in carpentry.

b. Describe the divisions.of a ruler or
tape. .

c. Calculate square feet. :

d. Explain the importance of -understanding
angles in project construction.

e. Describe two methods of determining

lumber dimension. -
f. Explain the neeéd for knowing units of
measure for various building materials.

9. . . A

<

Review of Peaching Materials

2.

Special Arrangements

1.

Phipps, L.S. Mechanids in Agriculture.
Danville, Ill.: Interstate Publashind,
1977. : . -

* -

McCoy, v.L. and T.J. Wakeman.A‘The Farm
Shop. New York: MacMillan Publishing
Company, 1960.° ’

Ll

Secure rulers,hfolding rulers, or tape
measures for each student'




B8

2. Obtain rough and surfaced lumber. 61

P. Materials required
1.: Overhéad projectpr and screen
2. Rulers or tapé measpfes
3. Lumbe£ - rough~and sugfaced
II. Presentation of Lesson’' \ -
A. Motivation

Find out how many students can read a ruler.
Those who cannot will be given a board and
required to determine its length to.,1/16 of

- an inch. Many will not be able to #Ho this
task. Stress the necessity of knowing some
basic math in carpentry to determine materials
needed, proper construction practices, and
costs of construction.

W
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B. Content Outline .. o 62
1. Importance of learning basic math skills:

a. Determine lengths and w1dths of lumber
and bulldlng materlal.

b. Properly measure and cut materials for
project construction. S

c. Calculate a bill of materiels.

d. Determlne cost for materials used in
project constructlon.

e. Measure for' proper placement of o
materials on the project. - ‘l

f. Determine proper cutting of angles-for
such items as roof rafters and picture
frames’. .

2. Reading a rule or tape measure _ .

a. To measure lengths or widths of various
types of material, measuring tools such
as a folding rule or steel tape are

- used. These tools are marked off in.
the U.S. Customary System of fractions
of an inch, inches, and feet.

b. Twelve- equal parts, called inches, make ~
; a foot of length on .the ruler or tape.
Each successive foot is clearly marked
on each ruler; therefore, 12 inches
equals 1 foot. ’ v

c. Each in§ividual unit of a foot, the\gw(//
inch, is denoted by marks or lines t e
go completely across the surface of the
ruler. The distance between these:

: lides is called an inch. Remember that
’ 12 of these units equals 1 foot.

‘d. . Between ‘the boundary lines that'denote
a length of 1 inch, there are addi-
tional marks or lines that divide the
‘inch into equal parts. This division
of the ing¢h allows us to be precise in
measuring.

are denote¥ by lines of differen
lengths. How these lines divide the

| ERIC - o 184 . . -
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inch can be associated with . 63
their different lengths. For example, -
the longest line that divides the inch
segments it ihto halves.

Read the ruler from left to rlght The
first long mark that divides the inch
would indicate one half (k) of an inch.
This divides the inch into.two equal
parts. (Transparency II-2-a)

The second longest mark that divides
the inch indicates one-fourth (%) of an
inch. This divides the inch into four
equal parts. From this division, there
is 1/4, 1/2, and 3/4 of an inch.
(Transparency II-2-B)

The next longest mark divides the inch
into eight equal parts. It is called
one-eighth (1/8) of an inch. From this
division, we can measure to 1/8, 1/4,
3/8, 1/2, 5/8, 3/4, and. 7/8 of an inch
when determlnlng proper lengths or
width. (Transparency II-2-C)

The smallest mark that divides the inch
into equal parts indicates one-
sixteenth (1/16) of an inch. The
segments divide the inch into 16 equal
parts.. From this division, a person
can measure a 1/16, 1/8, 3/16, 1/4,
5/16, 3/8, 7/16, 1/2 9/16 5/8, 1/16
3/4, 13/16, 7/8, and 15/16 or an inch.
(Transparency I1-2-D)

From these divisions of an 1nch a
builder can measure & distance or
length to a fraction of an inch. This
will allow one to be precise and more
accurate when estlmatlng costs and
building a prOJect

For example, find the following. lengths
on a rule: . .o

-

1) 1 foot ‘ - '

2) 6 inches

3) 9 inches -
4) 1/2 jinch

5) 1/4 inch -

6) 1/8 inch

7) 3/8 inch

8) 7/16 inch

.
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9) 3 feet 6 inches ’ 64
10) 2 feet 10 inches :
11) 3 feet 4% inches
12)- 1 foot 6 3/4 inches’

3. Adding feet and inches

a. When adding feet and inches, it is
important to remember that 12 inches
equals 1 foot.

b. When adding inches, it is possible to’
calculate a figure greater- than 12
incéhes such as 18 -inches. To get the
inches into feet and inches,. simply
remove 12 inches from the total inches
and change that figure to 1 foot.. In
this case, 18 inches equals 1 foot and
6 inches.

c. Example:

R 5 feet 8 inches
" 4+ 6 feet 10 inches
~ 11 feet 18 inches ’ s
+# 1 foot 12 inches _— T,
12 feet 6 inches

4. Deterrfining sguare .feet

a. Calculation of square feet is egpe-
cially important in larger construction
such -as a house or barn. Square
footage .is important in determining

" cooling and heating requirements,

. lighting requirements, bui}ding
material requirements, -and estimated
building costs. . .

b. Calculation of square feet it done by

multiplying the length of the building
- by the width: This is usually com-
puted using the dimension of the floor
space of the structure or the amount of
" floor space under roof. For example,
to calculate square ‘feet of a building
with floor dimensions of 45 feet by 32
feet, simply .multiply. .

. 45 feet x 32 feet = 1,440 square feet

Calculate square footage for floor
space with the following dimensions:
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52 feet by 65 feet . 65
100 feet by 60 feet . "
45 feet by 140 feet

5. Angles - . ! -

a. Anytime there is a structural member
that extends from the horizontal or
vertical plané of a structure; an angle
is formed. .
! b. Usually primary consideration. is given
" to angles on roof framing when varying
slopes are encountered (See Unit V, 4
Lesson 3: Cuttlng Rafters)

c. When an angle from the, horizontal or .
(j vertical plane is straight or plumb, it -
is called a 90° angle or a right angle.
This angle is important when consider-
ing roof pitch or getting walls and = .
floors plumb and level.

6. Lumber dimensions and sizes

a. After trees are cut, the logs must be
debarked or "peeled" and prepared for
.-sawing. ‘The logs are cut.using a’
coarse toothed saw. The lumber is very
rough as a result. L

b.” This rough lumber has been cut te the
exact dimension desired. For example,
a board cut 2 inches by 4 inches will
be a full-2 inches thick by 4 inches
wide. Some shrinkage will occur during
.o ' seasoning or drying.

c. After gradlng and drying, softwoods are
. ~ surfaced in a*planlng mill agd cut into
' standard sizes. Most standard soft-
‘ ) ‘woods are surfaced on four 51des,
B ‘ : ~ making smooth lumber.

. . d. When these boards are surfaced, they
r ' are no lenger as.yide or as thick as
‘ ‘ . . they were. They are surfaced to
* * " standard thicknesses and widths.
A 1 inch stack is now 3/4-inch thick.
A 2 inch stack is now actually 1%-inch
thick. Four-inch widths and thick-"
nesses are now actually 3% inches.
Six~-inch widths are .actually 5% inches.

' . v N 1 8 - " .
Q ‘ . ® . .




‘C. Suggested Student Activities A

1.‘

Even though there is a loss in - 66
dimension, reference is still made to
the various lumber sizes in terms of
the rough 'cut size. For example, a
surfaced board 1% inches x 3% inches
will still be referred to as a 2x4.
Other sized boards will be referred to
in the_same way depending on the size.
(Transparency II-2-E)

Standard sized boards are necessary so
the construction industry can easily
draw plans, estimate costs, and build
structures. They can do this because

_ they know that lumber will always be
the same size. “

Building material units of measure

a. Various units of measure are used to
denote standard weights, lengths, and
widths depending on . the type of
material.

For example, Infermation Sheets A, B,
and C give the standard lengths and
weights for nails and drill hits.

L]
Having & knowledge of units of measure -
of the various types of building
lmaterials and fasteners will aid the
builder in determining material needs
and costs.

7 b=
The .students can engage in reading the tapeé
measure to determine lengths and/or widths
of lumber. This type of éxercise will be
at the discretion ¢f the {nstructor:

3” ’ M
Assign students problems to determine the
square footage in structures.
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LUMBER DIMENSIONS

£\ ROQGH SIZE ACTé\L §IZE
B Y comlel aum s
w»
1x4 > 25x358
32',
1x6 25 x 5 5/8
SQUARE | 1 x‘ 8 %; X .7 1/2
“DoE 1 x)fga 25 %9 1/2
BoARrDS . | 37
| 1x 12 S 25x 11172
7
2 x4 15/8 x 35/8
2 x 6 15/8x55/8
. 2x38 15/8x71/2
FRAMING 2x10° 15/8x91/2
2 x 12 15/8 x 11 1/2
N« 4 35/8x35/8 -
6 x 6 '51/2 x5 1/2
~

TRanspaRency 11-2-E . © 93




16d 12d 10d

Approx.
No. to Lb.

1 inch..No. 847
13¢{ inch. . No, )
%5 !nc{x, ‘ ‘
¢ inch..
2 inch..
. 23{ inch..
23 inch..
23 inch..
3 . inch..
334 inch. .
344 inch. .
:% §ncl':. .
inch..
b inch.:
634 inch..
6 inch..




INFORMATION SHEET B

' . t

\
SIZE, LENGTH, GAUGE AND APPROXIMATE NUMBER OF NAILS PER POUND
COMMON BOX NAILS FINISHING
Length " No. per No. per 3 No. per-
Size in inches Gauge Lb. Gauge Lb. Gauge Lb.
2d. .o 1 15 876 15% 1010 16% 1351
3d.. v 1% 14 568 14% 635 15% 807 . ~
4d...... 1% 12% 316 14 473 15 584
5d. . e 1-3/4 12% 271 14 406 15 400
6d. .0 2 11k 181 12% 236 13 - 309
Td.ivennnn 2% 11k 161 12% 210 13 239
8d....eeu 2% 10% 106 11% 145 12% 189 .,
9d.. ... ... 2 3/4 10% 96 11k 132 12% 172
104........ 3 9 69 1ok .94 11% 121
12d........ 3% 9 63 ' - 10% - ‘88 11k -113
16d........ 3% 8 49 10 71 11 90
208, ...... 4 6 31 9 52 10 62
30d. el 4% ~ 5, 24 9 46
40d........ 5 4 18 8 35
504,00 S5k 3 1? ) ’
60d........ 6 2 1 ’

-

<+

1"Manual of Carpentry,"

American Steel and Wire Company, Chicago.

N




- INFORMATION SHEET C

/'\
= _.
3 2
. Faaxien SHANK DIAMETER ROOT DIAMETER meass | o
o NEAD BASIC REAREST FRACTIONAL AVERARE REAREST FRACTHIRAL PER o
SCREW | MAMETER] BEC. S12E EQUIVALENT §EC. SiZE EQUIVALERTY tRen SCREW
OVERSIZE OVERSIZE

119

.060

o |.040]Q

146

073

172,.086

32

1

199

099 &

225

112 ¢

252

125

Y

279

138

309

151

oo |=dlom|en|dnlecd | ro | |l

332

164

- —J

398

A7

b
L —3

385

190

b
ok

A11

203

onad,.
N

438].

216}

e
£

491

242

w——dh
N

44

.268

'd
oo

9917

294

- IND
L —J

1.650

320

>
" -

756

372

OVERSIZE 2 so
003 L

196 |

007 0
OVERSIZE 0 46 - BASIC 8 -'
b . 008 . SZE 2
OVERSIZE 05 4 i OVERSIZE 6 2
,007 o : 008 ) 2
OVERSIZE 06 5 UNDERSIZE 2 4 3
\( [} 002
UNDERSIZE 07 5 OVERSIZE 22 4 .
003 . ’ 003 '
BASIC 085 UNDERSIZE 2 o 5
; SIZE . } . G 007 ‘
g OVERSIZE ' 9 4 . BASIC . 1 8 6
! , 002 / . SIZE ( ’
OVERSIZAl Ji 02 OVERSIZE ' 6 7
005 o 007
UNDERSIZE ! l ] 2  UNDERSIZE 1 5 8 :
01 e 003
* UNDERSIZE ] 22 OVERSIZE ’1 4 9
‘ 008 [ ] .003 .
. UNDERSIZE I 30 - @YA  unoersize -l 3 -| 0
002 . 0 00s
BASIC -I 39 Y " OVERSIZE l 2 1 1
0 SIZE » v 001
OVERSIZE -| 48 ' UNDERSIZE « -l <| -' 2
003 L] U .007 X . i R
OVERSIZE 1 6 5 > UNDERSIZE I 0 1 4
.008 . 009 '
UNDERSIZE I 8 4 OVERSIZE {1 9 ‘ 6 .
: T 002" P 003 B
~ OVERSIZE 204 . UNDERSIZE | ¥ 8 18 1
b4 : .003 . 01w U '}’
UNDERSIZE 223 UNDERSIZE 8 20
b 007 - A 004 )
UNDERSIZE 7 ¥ 2 4 )
o,




INSTRUCTIONAL AREA: Agricultural Mechanics

[

. ) - . )
INSTRUCTIONAL UNIT II: Woodworking .

LESSON 3:
\

£

-

Preparing and Using Working Drawings'

3

I. Preparation for Instruction

' A.

—

B.

2. Specific: -

Objectives 7

1. . Terminal: Prepare and read working draw-
ings. :

*

.

a. Explain the need for working drawings.

b. List and describe theq basic -drawing

) equipment.. : )

c.- Demonstrate the proper method of
attaching drawing paper to.the drawing

. board. :

d. Demonstrate the proper method for
laying out the margin and title block
on drawing paper.

e. Describe the different weights and uses
of’lines in drawing. '

f. Demonstrate the use of the archigect's
scale. - . b ‘

g. List and describe the -thred, views of
objects. ‘

h. Demonstrate the procedure for dimen-—
sioning a drawing of an object.

* i. Describe the procedure for readin
working drawings.

Review Teaching Material

1. McCoy, 'V.L. and T.J. Wakefian. The Farm
Shop. New York: MacMillan Publishing
Company, 1960.

e




2. Phipps, L.J. Mechanics in Agri- 68
culture. Danville, I1l,: Interstate t_
Publishing, 1977,

C. Special Arrangements -

Make arrangement$s to view some small building
on the school grounds that the students can
scale down and draw on paper. The students
will measure the object during the exercise to
get the proper dimensions for the drawing.

4

D. 'Materials required
1. Drawing equipmeﬂt
.~ 2. Drawing paper
II. Presentation oy lesson o ,
A, Motivation
Bring a simply constructed wooden box to class.
Ask the students if they could construct.one
just:like it. Demonstrate the need for a

working drawing of an object for const{uction
purposes if the object itself is not present. ,




B. . Content Outline . : ) .69

1.

Introduction

a.

. ‘ ¢
Prior to beginning any project,
planning is essential for successful
completion. An integral part of the
planning process in project construc-
tion is the development of a drawing Or
sketch of that.projest.™ )
Reasons for having project drawings or
sketches: e

1) Essential for calculating a bill of
* _materials. .

2) Aid in estimating size and -shape of
the project. This may cause the
designer to change the design of a
project.

3) Reading a set of drawings will
allow an individual to build
projects from plans drawn by other
people. ' :

4) A good plan aids the shop worker to
complete the project with the least
expense of time, money, and mate-
rials.

Types of drawings

a.

b.

A sketch is a rough outline of an -
object. It is usually done freehand
and is not drawn to scale. For small
simple projects, a neat sketch may be
sufficient; however, larger, compli- .
cated objects will require a precise

i

mechanical drawing.

A mechanical drawing is done with
drawing instruments aifd equipment
designed to give the drawing ‘precise
lines and dimensions. *

Sketching and drawing equipment

(Transparencies II-3-A, B and C)

a.

S

»

Drawing board -- A board 20 inches by
26 inches will accommodate paper 17

inches by 22 inches which is suitable
for most drawings. The left edge of

- -




. ('.
the board must be straight so 70
that the blade of the T-square will
form a true right angle.

T-square -- A T-square is made of hard-
wood with a head fixed at a 90- degree
angle to the long blade. The head of
the T-square slides- along the left: edge |
of the drawing board. The blade serves
as a straightedge for drawing horizon-
tal lines.

.

Triangles -- Two different triangles
are needed. One is a 45 degree tri-
angle and the other is a, 30 degree by
60 deYree triangle.

Scales -- Scales are measuring instru-
ments used to draw an object smaller
than its acttal size but in the same
proportion. The scale most used is the
architect'sgfscale. This scale is uséd
+to allow certain parts of an inch to
represent a unit of measure of the
actual object. For example, one scale
is 1/8 inch = 1 foot. This means\that
1/8 inch on the drawing actually refers
to 1 foot on the object.

Protractor -- The protractor measures -
the degrees of angles so that angles
may be drawn accurately.

Pencils -- Drawing pencils are made in
18 degrees of Ylardness. The most
commonly used ones are the medium-soft
B, 4B, and F for sketches and letter-
ing, and the harder H, 2H, and 3H fog
drawings.

Compasses,*dividers, and bow instru-
ments -- A compass is used to 8raw
circles and arcs. Dividers are usgd to
transfer measurements and spaCingsﬁkrom
one drawing to another. Bow instru-
ments are smaller and do the same tasks
as the compass and divider but are much
more accurate—for distances of one inch

or léss. ~
Miscellaneous

1) There are two kinds of erasers "*
needed. An art gum for cleaning

. RGG




smudges‘and red rubber fo¥f 71"
removing pencil lines.

2) Drafting tape is used for fastening
paper to the drawing board. ™

4., Basic procedures for mechanical drawing
(Transparency II-3-D)

a. Attach paper to the drawing board with
tape after squaring the bottom of the
paper "with the top of the T-square.
Leave approximately a 2 inch margin
at top and left (top and right for
lefthanders). :

N ’

. Penciling

1) Keep the pi;cil sharp at all times.

This will Aid in getting a uniform
" line thickness from end to end.
\

For neat appearance and easy
erasing make all lines and marklngs
so light that they can barely be,
seen. Darken when the last detail
has been drawn.

The lines vary in intensity or
weight as to their uses. Line use
determines how "heavy" or "light"
the line should appear. .
(Transparency II-3-E)

Lay out the margin on title block
(Transparency II-3-F)

1) Lay out a border to frame the
drawing.

2) Lay out the title block using the
appropriate dimensions as shown in
Transparency II-3-F. Use a 4H or
SH hard pencil to make the first
lines very light. Darken with an H
or 2H lead pencil.

A

Horizontal, vertical, and inclined
lines (Transparency II-3-G)

1) Draw horizontal lines from left to
right (right to left for left- '
- handers) along the top edge of the
T-square.

205




e. Using the scale

1)

Vertical lines are drawn 72
straight up with a triangle against
the T-square.

Inclined lines are drawn with in-
dividual triangles or with combin-
ations of two triangles. At least
one triangle should always be
placed against the top edge of the
T-square. (Transparency II-3-H)

.
[

Most objects cannot be drawn their
actual size. Therefore, it becomes
necessary to Qraw the object to a
smaller scale by using .a fraction
of an_inch to represent the unit of
measure on the object.

To draw an object to scale, measure
it, calculate the length of the
lines according to the scale.:
Place the.,scale along the line to
be drawn and mark a short dash
perpendicular to the scale. Remove
the scale and draw the line. Do
not use the scale as a straight-
edge. (Transparency II-3-I)

f. Lettering

1)

3) v

On the drawing, keep lettering and
dimensions outside the view itself.
Lower case letters and italic
letters are almost never used.
(Transparency 1I-3-J)

Set up horizontal guidelines 1/8 °
inch apart for'the largest letters.
Use a 4H or 6H sharp pencil and
draw the lines very llghtly because
they will not be erased. These
lines aid in keeping letters in
proper alignment.

Neat, attractive lettering can be
aehleved through patient practice. -

Views of objects

“'WUrthoqraphlc drawing (Transparency-~
I1-3~K and L)
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1) The orthographic drawing 73 .
provides the viewer three different ..
perspectives on an object -~ front, .
top, and side. '

2) The front is usually the basic .
view. The front view 'is selected
on the basis of the side that has

- *  the longest dimensions and shows
the characteristic shapes.

3) Dimensioning (Transparency II-3-M) -
. b
a) Extension line -- The extension
- line continues an object line
or a center line outside the
object itself. Leave about a
1/16-inch gap between the
object and the extension line.

b) Dimension line ~- A dimension
line connects, at right angles, _
two extension lines. There is\\\ .
a gap in the middle for, a di-
mension figure and an arrowhead
at each end. Dimension lines
should be % inch apart and the
first one. should be % inch from .
the object.

c) Leader -- this line is drawn ®

from a horizontally lettered .

note or dimension to a detail

when extension Iines cannot be

drawn. It should be drawn in a

- Lt straight, inclined line.

d) Figures ~- Place figures so

) that they can be read from the

- bottom edge and/or right edge
of the drawing. .

e) Inch marks -- In general, give -
measurements through 72 inches
in inches only. Above 72°
inches, state measurements in
feet and inches.

b. Picterial drawihgs - Co

1) Oblique -- The oblique view is
based on a™three-axes principle:




C. Suggested Student Activities
1.

' c. When reading dimensions, look at the

one vertical and one 74
horizontal, with a third axis at a
convenient angle, to the horizontal.
This angle is ushally 15Ldeg;ees,
30 degrees, or 95 degrees.. *°

~

2) Isometric -- This view is based on
a three-axes principle: one - ‘
vertical axis, with two others at
120 degrees to the vertical.
(Transparency II-3-N) .. X

Reading plans

a. Glance over the plan to gain a general
idea of the shape of the object.

b. Study the view that shows the most
characteristic shape. Refer to the
other views to check what each linre
represents. .

scale of the drawing to get an idea of
the object's actual size. Make sure
the proper dimension lines are being
. read for each dimension roted. 1I1f the
dimension of a particular part is not -
.in one view, look for it on anothér.

d. Standard symbols are used in denoting
various types of construction mate-
rials. These are called section-lining
symbols. (Transparency I1-3-0) - -

AN ,
Provide each student with drawing equipment
and supplies.' Allow each student to prac- . e
tice the proper method for placing the
paper oh the drawing board. . In addition,.
each student should be given practice in
drawing lines using the T-square and tri- -
angles. ’

Give each student a prepared orthogxraphic
drawing to be drawn on the individual's
paper to the same scale. The object should
be dimensional amd line quality should be
checked. : o




-

Prov1de a»wooden block model of i 75

a simple object. Have each student asure
the object for dlmen51ons and draw-ortQo-
graphic, isometric, and oblique drawings =
with dimensiong. g
Provide each student with a prepared
drawing with dlmen51ons. Each student will
read the drawing-and tell the instructor
about the object w1th regard to size and

shape. .

Take the cléass to a'small ‘building on the
‘school campus and aequlre dimensions and a
sketch of the structire. Each student will
draw, to scale, an orthographic and iso-
metric drawing of the structure including
dlmen51ons. - .

4
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Lines, WEIGHTS, AND USES-

. WEIGHT US;: PENCIL NO
VERY '—'—'JW
- | -
— OBJECT HEAVY | ‘TO SHOW VISIBLE EDGES 2H
_____MIDDEN | MeDIUM - |. TO SHOW HIDDEN EDGES 2 H
| DIMENSION oo ~ < . -
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. " , < »
BREAK I 5 —
' A " LIGHT LONG. BREAKS =, 2 H
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. cutTiNe FLAavt 4 WEAvy | - TO SHOW CUTTING PLANE |  H
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INSTRUCTIONAL AREA: 'Agricultural Mechanics

INSTRUCTIONAL UNIT III: Tool Fitting ,/T\\\\\u/f—\

LESSON 1: Tools Used in Tool Fitting

.

I. Preparation for Instruction ' 5

v

A. Student Objectives
1. Terminal: Describe the equipment, acces-
sories, tools, and safety precautions to be
used in tool fitting. .

2. Specific:

a. Define the terms associated with tool
fitting.

b. Describe the different types of power
grinders.

c.. List specifications needed to purchase
a grinding wheel. .

d. List several types of whetstones.

e. Define the purpose of a template.

f. Name the parts of a file.

g. Name the files most commonly ugéd in
tool fitting.

h. Explaln the procedure to follow in
using a steel.

i. List the ‘safety rules to follow in’

~using the power grinder and the fllg.'

B. ‘Reyiew of Teaching Materials

* 1., Phipps, L.S. Mechanics in Agriculturé:’
Danville, Ill.. Interstate Publishing,
1977. . . ~ -

2. McCoy, V.L. and T. J. Wakeman. The éarm”
- Shop. New York:' MacMillan Publisthg
Company, 1960
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C. Special Arrangements - - 77

l.

2.

Obtain the hand tool necessary for tool
fitting to show tao students in the
classroom. :

Prepare a demonstration in the shop with
the different types of grinders.

D. Materials required

1.
2.

4

Overhead projector and screen

Hand tools associated with tool fitting.

Presentation of Lesson

A.n Motivation

1.

The worker who does not keep tools sharp or
otherwise in-good repair is risking more
than doing a poor job. That worker also
risks injury. ' ‘

Poorly fitted tools are not only dangerous
to work with, but also they waste both time
and materials and produce low quality work.
Therefore, the first step in shop work is
learning to keep tools in good conditfon.

Cutting tools simply do not perform well
when their blades are dull or nicked.

They also\require the person using them to
work harder and less effectively than is
desirable or necessary. ' -

|
|
!
|
\

e |

T
“

{
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B. Content Outline - ‘ T .78

.1.

Terms

a. Tool fitting -- Sharpening, cleaning,
dressing, and adjusting tools to do the
work they were designed to do.

_b. Power grinder -- Stationary or portable

piece of equipment used in tool fitting .
(Features of power grinders are listed
below).

c. Grinding wheels -- Made of abrasive
cutting particles held together by a
bonding material. THe wheel(s) are
located on the power grinder.:

d. Whetstone -- A stone for honing tools.

e. Hone -- A fine—grained whetstone for
giving a keen edge to tools.,

f. Template -- A pattern or gauge such as
a thin metal plate with a cut pattern,
used as a guide in making something
accurately. In tool fitting it is used
tormeasure the correct angle or bevel of
the tool to ensure that the tool oper-
ates properly. :

g. File -- Any of several steel tools with
hardened ridged surfaces, used in
smoothing or grinding down.

h. Steel -- A knife sharpener consisting
of a handled steel rod. oo

i. Grit -- Texture or structure of the
stone to be uséd in grinding.

L)

The power grinder is really a grinding wheel .~

mounted on an electric motor, The electric
motor can be classified as either stationary’-
or portable. Therefore, there are station- ..
ary and, portable ‘types of grinders (Trans-
parency -III-1-A). For the purpose of tool -.
fitting, the, stationary type 6f grindeft is . |

- used most often. There are two types of -

stationary grinderss v :




. a. QGrit,
=T
b. Diameter, 7 -
c. Width, 2

‘'sometimes referred to as oilstones. They,

a. Small bench grinders,. and T

b. ' Larger pedestal grinders. - a .
(Transparency III-1-3)

Grinding wheels can be purchased in dif- s
ferent grits and sizes for various types of
work. Specifications needed tp purchase

a grinding wheel ‘are: :

d. Size of arbor hole (hole in which a .
bolt or nut is used to secure the o
grinding wheel to the grinder), and,

e. Maximum speed of thehgrinder in rpms.

The grit size is determlned by the openlng Vo
per running inch in the screens or sieves ‘ ’
through which the cutting particles are
sieved béfore being formed into a wheel.
Thus, in a 60-grit wheel, each linear inch
of the grlndlng surface has 60 cutting
particles, or 3600 per square inch. A 30
to 40-grit wheel (coarse) is used- for .
coarse grinding, such as cast 1ron, -
plowshaxes, and other rough work." A
60-grit wheel (medium) is used for L.
grinding axes and moest other tools.

i

There are several,K types of whetstones,
include sandstones, Arkansas stones, and -
carborundum stones, to name a few, There.
are several varieties of natural sandstone-
used for redressing tools. One of the most
popular is the Ohio blue sandstone. The’ .
Arkansas stones are made of a fine-grained. <z
rock found near Hot Springs, Arkansas. ‘
They are available in three grades:

soft, hard, and very hard. The other stone
mentioned is made in electric furnaces. o
They are available in grits from coarse PR
through very fine. Some synthetic stones oo T
are also available as two-grit stones, one
side being coarse and the other being fine.-
These stones may be filled with o0il or may coo
require that oil or water bé added as a Lo R
coolant to float steel particles from the e

3L




mineral oils designed especially for use

stone. Many compan%es'havé refined - 80
with the stones that they sell.

ﬁ?& Templates or tool-grinding gauges can be

 made easily out of thin sheet metal and a
pair of tin snips. A -protractor or any
device to give the corréct angle (including
a-tool in good state of repair) can be used’
to lay off the angle. After the.angle is -
cut out with the tin snips, the template
can be used as a quick reference to '
determine if the correct angle is being
placed on the tool. (Transparency III-1-B)

Transparency III-1-C shows the parts of

a file. The 'single-cut file is grooved
diagonally in one direction only, so that it
has chisel-like teeth., Double-cut files -
are grooved in two directions and have
sharp, triangular teeth. They cut faster
than, but not as smoothly as, the single-cut
file. File teeth usually slant -toward the
point 6f the file. Therefore, these files
cut only aon the forward stroke. Both )
single-cut and double-cut files are made in
different degrees of coarseness, such as
rough, middle, bastard, second cut, and
smooth., The coarseness .of a file also
varies with its length. For example, a 6
inch flat bastard file is smoather than a

12 inch flat bastard. Commonly used files
are (Transparency III-1-C): - '

a."Flat,

. b. _Round,

c. Half—round,
d. Tapered;

e. Oval, and

f. Square.

When file teeth become clogged with metal’ .. |
_chips, filing is slower.and results'in a = -
rough surface. The bést way.to clean.a file
is to rub the file card (Transparency ’
I1I~1-D) -adraoss the file in the same o
direction as the cut of the teeth until’the

chips are ‘loosened, If the chips are too
tight for the file card to .remove, scrape -

. -
Lo
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them loose with a nail or a pointed.
piece of wire. After the chips have been
loosened, brush the file clean with a
'bristle side of the file card. Rub thé
file with chalk before filing soft metal.
Chips are then easily removed with a -file
+ card. Oil on a file interferes with’the
“-cutting. Remove it byjchalking the file
and then brushing it clean. Clean the file

_ .and brush it dt¥y to remove chips and

*° moisture at the end of each job.. Always

*store files in separate holders to prevent'
their rubbing together or knocking against
other tools. The teeth are brittle and '
thus are easily dulled or broken if the
files are not properly put away. .

7. A steel is an instrument that is held
upright in the left hand. Holding,k the edge,
of the blade at a 20 to 45 degree angle to
the surface, bring the blade across the
steel with the cutting edge of the blade ~
leading. Repeat the process for the other

.side of the blade. *"Usually only a few
'  strokes on both sides are necessary to

produce a fine edge.” (Trailsparency

III-1-E) _ e

8. Safet} practices with-tool fitting’
- equipment C e 4

a. . Power grinder safety:
1) while grinding, protect the eyes
with godggles or a face shield..

’,

2) Keep'thevguafd adjuéted'aé near the
wheel as possible. ‘

-

3) “Keep the tool rest adjusted to
within 1/8 inch.of the grinding
wheel at all times.

4) Keep the grinding wheél true by
-#  frequent dressing. -
.'5)" Use only the curved face of the
wheel for grinding, not-~the flat
_ sides. )

Do not run a wheel at a higher speed
than is recommended by the manufac~
turer. ‘




A3

7) Tighten the grindér wheels & 82
securely- to the-arbor and the
grinder to a table or pedestal.

8) Apply the stock or, tool slowly to
the grinding wheel.

~

9) Do not use grinding wheel if it is
worn to less than half its original
diameter. At this point, it must o
be replaced. -

Filing safety: : 2

Since the tang of a file is sharp enough
-£0 injure your hand badly if it should
slip, always fit the tang into a handle.
To tighten the handle, hold the file
vertical and tap the end of the handle .

on the workbench. To use the file, ) , 5
grasp the handle ‘in one hand and hold

the file point with the thumb and fore-

finger of the other hand. Secure the

stock firmly, preferably in a vise, to

prevent chatter or vibration, which

damages the file.

Protect the stock from the vise jaws by
clamping it between pieces of wood or
soft metal, such as copper or lead.

C. Suggested Student Activities *

»

1. Class will evaluate different shbp tools to
determine if the tools,require fitting. .

2.' Each student will evaluate tools that are
~ in his/her home and give a report as to the
number found in need .of flttlng.

3. A551gn students a defectivé tool that needs
fitting. Have students make a report on
how they would go about, restoring.the tool
to its proper worklng éondltlon.

¥
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PARTS AND SHAPES OF FILES
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PARTS OF A FILE CARD
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‘PROCEDURE FOR USING A STEEL TO SHARPEN A KNIFE
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83
_ INSTRUCTIONAL AREA: -Agricultural Mechanics | : “

INSTRUCTIONAL UNIT III: ToolrFiéting .

-

LESSON 2: )Reshaping a Screwdri&ér

I. Preparation for Instruction -
A. Student Objectives

1. Terminal: Describe the proper procedure
for reshaping a screwdriver.

2. Sgecific:

a. leferentlate among standard,
Phillips, clutch head, offset,.and
spiral ratchet screwdrivers.
b. Define correct procedure for
determining thickness of a standard
i screwdriver bit that needs fitting.
‘ ~c. Describe ‘the procedure for reshaping a
standard screwdrlver on a grinding
wheel. s
d. Name the type of grit neéded in "c" .
above. .
e. Name the type of file used to reshape a
: Philljips screwdriver.
f. Describeé the procedure and tool used to
reshape a clutch-head screwdriver.

s
h.
i. i ) ;
* .
B. Review of Teaching Materials
1, Phipps, L.S. Mechanics in Agriculture. N ';rﬁgii
Danville, Ill.: Interstate Publishing, - ’ B
1977. . . ) ,’( . < - ’
2. McCoy, V.L. and T.J. Wakeman. The Farm
. ' Shop. New Ybrk- Macmlllan Publlshing
' o . Company, 1960. o




Special Arrangements - 84

1. Obtain different types of screwdrrvers that .
need to be reshaped .

2. Secure the different types of files ~and/eor

tools and equlpment to be used. ‘.

Materials required

1. Overhead projector and screen

2. Material mentioned in "1™ and "2" ‘above.

_II. .Presentation of Lesson’ ’ o

A. Motlvatlon

A keen-edged tool is essential._ for good
workmapship. gilled craftman cannot do
his best work w1th dull, nicked, or- improp-
erly sharpened tobols; .a beginner is under
an even greater handicap. ToqQls are de-

. slgned and sharpened by their ‘manufacturers
to give the maximum amount of service. A
person who buys and uses them expects them
to do efficient work. Unless, however, he
keeps them: in proper working condition, he

-will not dbtain satisfaction from their.
use. If the screwdriver is improperly used
to pry things open or off; the blade may. .. .
bend. If this happens, the bit. will not
longer be round and in ‘line with the
handle. This will cause the tip tg slip
out of the-slot of the screw when. the
screwdriver is turned.’ This can lead to
damage to the screw slot, resultlng in a
screw than cannot be removed. -

-




B.

Content Outline ‘ e : 85

b,

Terms:

a. Standard screwdriVer.f—'Has'a straight
‘bit with a slotted head.

b. Phillips screwdriver -- Has a Eross-
shaped bit with a tapered end.

- -
c. Clutch-~head screwdriver -- Has .a bit
shapel similar to a figure 8.

d. Offset screwdriver -~ Used when it is
impossible to use a standard screw-
driver because of the lack of space or
a difficult angle.

e.- Spiral ratchet screwdriver ~- Some-
times réferred to as a "Yankee Drill,"
this screwdriver is operated by pumping -
the handle up and down. This pumping
action turns the bit. (See Trans-
parency III-2-A) .

Screwdriver tips become broken, tw1sted, or
worn thin after long use and must be
reshaped. -A twisted tip may be straight-
efied on the anvil with a hammer, A broken
or worn tip ‘cah be reshaped on the grind-
ing wheel. Before starting to grind the
tip, select a flathead wood screw that-

has a slot the same 1ength at the bottom as
the screwdriver tip is wide. .. Use the-screw
slot to gauge the thickness of the” screw-
driver tip, When the tip has been ground:
correctly, it should 'support a wood screw

as indicated "in Transparency III-2-B. If

the tip is broken off completely or worn
too short, if should be re'shaped and
tempered. s A

Use the following procedure for reshaplng
the screwdriver t1p on the grlndlng wheel:

a. Place the screwdrlver blade flat on the
"' tool rest and push the tip lightly
against the grindlng:wheel to square

"7 the tip and remove any gaps.. Gripd the . -

tip back until it is as thick as, or

' slightly thicker than, the width of the’
screw slot. You can grlnd off any
excess metal in stepgc1 el

.




Suggested Student Activities

1,

2.

To reshape the Phillips screwdri&er bit, -

b. Grasp the screwdriver handle 86 b

in the right hand, and place the tip on g
the top of the grinding wheel, as -indi- S
cated in Transparency I1I-2-C.

c. Apply light pressure on top of.the
blade with the left hand, and move the
tip back and .forth the length.of the
flat surface until it is ground to the
proper shape. Since the screwdriver . oo
must have a square end on.the: tip, do - N
not’ round off the end by pulling the e
tip back too far. Place the tip in the
screw slot frequently during the grind- i
ing operation to see if it is being ) L
ground to the correct thickness. Qo A
Transparency III-2-B shows a properly A
fitted screwdriver tip. S

A medium~grit grinding stonie should be used
on the power grinder. Be careful not to . . , %
overheat the bit, because it is made of . o ~
~high-carbon tool steel and may lose its o oo
temper (hardness). Dip the bit into either '
oil or water to cool it. .

There is a limit to the number of times a .
screwdriver can be redressed. When it 'is N
no longer possible to restore the bit to Ltz
its correct width and thickness, the ‘ :
screwdriver should be discarded. -

Use a small, three-corner file té square

the shoulders of the bit, Take a screw

with the Phillips-shaped slot and use. it to

test the fit of the bit.. Do not sharpen .~ - -
the end of the bit to a point. e '

To reshape a clutch head screwdriver, use a

.Ssmall round -¥ile to restore the bit to its o
original condition. The end of the bit :
‘can be squared with a flat file or the

power grinder. : . I,

Ask each student to bring a screwdriver o _lf_
that needs reshaping. . C

Have each student reshape a screwdriver.

~

[
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)
WHEN THE SCREWDRIVER TIP IS GROUND
' CORRECTLY, IT SHOULD SUPPORT A woon'.
SCREW,
- T00 CORRECT  TOO *

THIN ~ THICK
TEST SHAPE OF SCREWDRIVER TIP

'-b‘
S
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HOLD THE SCREWDRIVER TIP AGAI“ST« THE GRINDING
WHEEL IN THIS MANNER,- -

e
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INSTRUCTIONAL AREA: Agricultural Mechanics

L]

INSTRUCTIONAL UNIT III:® Tool Fitting

.. - -
LESSON 3: Sharpening a Wood Chisel . -
- I, Preparation for Inétruction

A. Student Objectives

. 1. Terminal: Demonstrate the correct
PR procedure in sharpening a wood chisel.
e 2. Specific: . ‘ IO .
. / a. Define and give the purpose of a wood
chisel. . .
" b. Indicate the correct angle of bevel for
’ ] .a wood chisel. :
- ¢. Demonstrate the correct procedure to
follow in sharpening a wood chisel. ;
d. Discuss.why whetting -a wood chisel is s
' . important. v )

‘ B. Review of Teaching Materials

< 3
1. Phipps, L.S. Mechanics in Agriculture.

Danville, Il1l.: Interstate Publishing, -
1977. ' ]

2. McCoy, V.L. and T.J! Wakeman. The Farm
Shop. -New York: MacMillan Publishing N
. Company, 1960. - ‘ "

C, Special Arrangements

: 1. Secure wood chisels with broken or badly e
o nicked cutting edges.

2. Secure wood chisels with mushroom heads. ' o4

247



11,

-

D. Materials required e ' 88

1. oOverhead projector and screen,

e

2._;ﬁbdéféﬁisels (as described in one and two
““above) ‘

[

Presentation of Lesson

A. Motivation
" Phe wood chisel is designed to rempve wood
. when struck with a mallet or when pushed by
hand. The wood chisel works much like a
crude plane. Like the standard screwdriver,
it is also quite often abused in most shops.

I3

.




B. Content Outline : ' . . 89 - C

1. If the wood chisel is properly cared for
and used correctly, it may be redressed .
several times with a whetstone before it : ' S
needs to be ground on a grinding wheel. -
. If the cutting edge is badly nicked, it
. will be.necessary to go_directly to the
grinding wheel.
The angle of the edge should be 25 to~30
e degrees for:most work.

2, Procedure to foliowxng,ln sharpenlng a wood
chisel: . R .

-- -~awwaOWremove~any~gaps—+n¢eks+——p%aee—%he——
wood chisel flat on the tool rest with . :
the beveled side down and move the L. R
chisel from left to right until the -

cutting edge ‘is ground square. .

b, Place the chisel betWeenrthe left
- forefinger and thumb and place the
forefinger against the outside edge of
'} the tool rest, as shown in Transparency °
III-3-A.. Push the chisel forward
between the forefinger and thumb of.the
left hand until- it is at the proper | -
' anglsrwith'ﬁhe grinding wheel. .

c.  Hold the chisel firmly in the left hand
“and slide the left forefinger from left
"to right along the gd?e of the tool -
rest for a guide until the entire width
of the edge has been.ground almost to &

. wire' edge. Use right hand to apply’
pressure and help guide the chisel. To
help keep the cutting edge square with ) )
the sides, stop the strokes when -the . .
back edge of the chisel passes beyond

_ the edge of the grinding wheel about - .
one-third of the width of the wheel. :
Check the bevel with'the template’

-frequently during the grinding to see .
that it is belng ground to the proper ‘ .
angle. -

% 2. Whetting a WOod chisel < A\ .

When the grinding is finished, the bevel is
hollow ground. This will allow the wood |
chisel to be sharpened :several times by
whetting before regrlndlng 1s necessary. -

s
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In wherting a wood chisel, use ‘ ‘90
the following proceduyres

a. Place the wood chisel on an oilstone
— with the heel and toe on the hollow
ground bevel touching the stone, as
shown in Transparency iII-3-A. Whet .
the wood chisel stralght backward and
forward.

b. Turn the chisel over and lay it flat on
the surface of the oilstone to prevent . . -
beveling. Whet it only "enough to :

. remove the wire edge..’ Repeat the above
steps until the cutting edge is
practically razor sharp.

‘ 3. The head of an all—steel chlsel (w1thout a
handle) may also require redressing. The
head should be square with the shank, and
the crown radius should taper away from the
head as shown in Transparency III-3-B.
Square the head or grind the crown radius

’ to restore it to or1g1na1 condition.
.However, if the head is badly chipped or

"mushroomed, " it is better to discard the
chisel,

C. Suggested Student Activities

1. Assign.each student a pro:é\t that requlres
- the use of a wood chisel.

B 2. A551gn students a wood chisel and ask
them to demonstrate the correct procedure.
to whet the chisel.

3. -Ask students to find out the price of a
common sized wood chisel. Lead the
students in a discussion as to which.they
had rather do...buy a new wood chisel or .

sharpen one that has been glven proper - ..

care. ' R . . R
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WHETTING THE BEVEL OF WOOD CHISEL .

3
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: ) 8 C T
MUSHROOMED HEADED CHISELS :
F
,C!'Own
- radius ~
| s
Incorrect Correct
REDRESSING. THE HEAD OF A WOOD CHISEL.
>
\\ - - ‘
A COLD CHISEL WITH A MUSHROOMED ?
HEAD, THIS CHISEL IS DANGEROUS )
TO USE.  IT SHOUCD BE REDRESSED; :
o :
252
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INSTRUCTIONAL AREA: Agricultural Mechanics

INSTRUCTIONAL UNIT III: Tool Fitting -

LESSON 4: Sharpening a Mower Blade

I.

Preparation for Instruction ..

A.

Student Objectives

1.

2.

‘b. Explain the importance of maintaining a

Terminal: Describe the proper procedure to
follow in sharpening a mower blade.

Specific:

a. Name the type qf grinding wheel
recommended to sharpen a sickle blade.

balanced rotary mower blade.

c. List the safety rules to be, followed in
sharpening a mower blade. .

d. Describe the procedure to ‘follow in
sharpening knives from a sickle type of
blade. )

e. Describe the procedure to follow in
sharpening a lawn mower blade.

Review of Teaching Materials

1.

.Shop. New York: MacMillan Publishing

Phipps, L.S. Mechanics in Agriculture.
Danville, Ill.: Interstate Publishing,
1977.

McCoy, V.L. and T.J. Wakeman. The Farm

Company, 1960.

Special Arrangements

1,

Have on displdy dull or nicked knife
sections of a mower, swa her, or combine.

N C 253 ) ' o "
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D.

A.

-

2.

Have on display a dull or badly 92 ° _—
nicked lawn mower blade. - :

Materials required

1. Overhead projecfof and screen ;
2. Sickles from a mower blade -
3. Blade from a lawn mower .
II. Presentation of Lesson *
Motivation
1. Properly conditioned tools and equipment f
are necessary to do a good job.
2. The person who has a favorite pocket knife
knows that the knife blade will eventually
become dull. The longer the knife is used,
the duller it gets and the poorer it
performs, ‘
3. Cutting tools simply do not perform well

when their-blades are dull or nicked. They
do not do their job properly, and also they
require the person using them to work
harder and less effectively than is
desirable or necessary.




. e

B.. Content Outline : 93 C

1. Recondition.mOYer sickles:

a. It is rather time consuming to sharpen
various knife sections of a mower, :
: swather, or combine sickle. And some ' . - -
J . people think that, all things con- - ST
: sidered, the worker is better off A
simply replacing dull and’nicked
. sections. A cheaper and more econ- ) )
- omical route may be taken, however. " -
‘ The sections may be-sharpened. To
: sharpen them, it is best to use a

special double-beveled grinding wheel =

) : : '
'~ " {Transparency III-4-A.) This wheel
allows one side of the first section to
_ . - of the ‘next section. ] .
' b. Procedure to follow: Hold the back of
the sickle (if the sickle is- long, help
: and position the knife sections so that
they make contact with the grinding
back and forth across the face of the
L wheel to prevernit overheating of the

be ground while grinding the opposite =
may be needed to hold it for grinding)

- wheel near the point. Move the sickile
sections. Do not grind sections more

_ than necessary to remove nicks and
- restore the original angles. _After
doing two sections at a time, move on
to another ‘two sections (if all’
sections need work).

. . 2 econditioning rotary mower bladeé:
: a. Rotary mower blades operaté at very
, high speeds (19,000 ft/min. -or 215--
mph) . Because of the effects of

centrifugal force, it is very important A
that the blade remain balanced. - s

b. Procedure to follow: Remove the blade
*  fyom the mower, noting which side is on - -~

top. The bevel should be on top.
Using a medium-grit grinding stone, - ;
position the blade on the tool rest so L
that one end of the blade contacts the . o
wheel and the grinding action is toward
the blade. Check the original angle

. . (30 to 40 degrees), and try to maintain

_that angle during the grinding.

235 . TE T e
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. : : . Coveiew
To grind, move the bléﬁg=§Zioss .94
the wheel, ‘It is important to count
each stroke to make sure both ends of
the blade will be in proper balance
later. Inspect the blade after each
stroke. When the picks are removed, ;
reverse the blade and grind the . ‘
opposite end with the same number of
strokes. After the grinding is done,
it is advisable to check the blade on a
balance péint.,

(Transparency III-4-B)

Safety rules:

The follow1ng safety rules should be
followed in recondltlonlng a mower blade:

a. Don't use a grinding wheel that has
been worn to less than half of its
original diameter. When the wheel is
worn beyond one-half its diameter,
there is a greater danger of its
shattering.

4 Always wear protective safety glasses
- or a face shield. 1In fact, most state
laws require persons using grinding .
wheels to wear not only safety glasses
but also a full-face shield as pro-
tection against hot sparks. )

Be careful in directing the sparks.
They should not be directed toward
other persons or into materials that .
may be combustible. :

Wear long-sleeved garments and leather
gloves. This is especially important
when you are doing heavy grinding.-

Never try to grind with the side of -
the wheel. Such force may cause the
wheel to break.

Sugge;ted Student Activities

Assign students the task of remOV1ng the blade
from their home lawn mowers. Have them sharpen
their blades in shop as a lab exer01sel




GRINDING WHEEL

TEMPLATE TO CHECK GRINDING WHEEL TO ENSURE
THAT IT IS TRUE.

GRINDING A MOWER KNIFE (TOP VIEW)
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CHECKING_THE BALANCE OF A ROTARY MOWER BLADE
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INSTRUCTIONAL AREA: Agricultural Mechanics

INSTRUCTIONAL UNIT IV: Electricity"

LESSON 1l: Electrical Terms, Equipment, Meter Reading, and
- Computation of Cost of KW Hours

©

I. Preparation for Instruction

., A. Student Objéctives

-1, Terminal: Describe electrical terms, tools
and equipment (associated with electrical
wiring applications), calculate how to
compute- the cost of kilowatt-hours, and
demonstrate procedure for reading-electric:
meter.

2., Specific:

a. Define the following terms:

1) Electricity

2) Circuit

3) Conductor

4) Insulator

5) Ampere

6) Volt

7). Ohm

8) Watt

9) Kllowatt-hour
10) .AC
11) D€

Describe how electrlcal energy moves
through a circuit.

Name the two basic types of circuits.
Identify -types of conductors and
insulators.

Explain how electric current is
measured. )

Explain how electrical pressure is
measured. . )
Explain how resistance to current flow
“is Measured. ’

Describe Ohm's Law.

Explain how electrical power is
measured.




Explain how electrical energy " 86
is measured. ‘ :
Distinguish between AC and DC currents.
Describe the tools used in electr1ca1
wiring applications.

Differentiate between the two types of
electrical meters. |

v

&

Review of Teaching Materials

1.

Colvin, Thomas S. Electrical Wiring:
Residential, Utility Buildings and Service
Areas. Athens, Georgia: American
Association for Vocat10na1 Instructlonal
Materials, 1979.

Turner, J. Howard. Understand Electricity
& Electrical Terms. Athens, Georgia:
American Association for Vocational
Instructional Materials, 1974. :

Special Arrangements

Secure the followzng

1,

2.

Tools and equlpment as outlined in the
lesson, .. .

Wiring boards with series<and parallel
cirucits, Y

Different types and sizes of electrlcal
conductors,

Volt-ohm meter,

Watt meter, and ¢

Cyclometer and po;nter types of electrlcal
meters. o

-




1,

2,

-

.D. YMaterials required 7 97

\

Overhead projector and screen, and

Materials as described'in "1;“

Presentation of Lesson - . '

A,

1,

@

Motivation

Since electricity is one of our primary
forms of energy, it is important that
everyone undérstands-how it works.

In conserving electrical energy, the
knowledge of how to determing the
electrical load (what units and how:much
energy) is very benefigial. How many
kilowatt-hours are utilized and how much
does gach unit cost? “

Another very important aspect of.electrical

.energy conservation is kn¢%ing how . to read

an electric meter. This is very crucial in
determlnlng kilowatt-hours and to-clieck to

L'ensure that the electrical bill is accu-.

rately reflecting the same “units as the
electric meter. ‘ . .

.
2 -
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B. Content Outline
1. Terms~ .

‘a. Electr1c1ty -- For -all practlcal
. purposes, electrlcity can.be defined as
a type of energy ‘that can be converted
to -light, heat, or power. Electricity
may also be defined as the riovement or
flow of electrons through-a conductor.

Circult -~ The "path" followed by the
electrons (current) from the p01nt ’
where they leave the generator (source)
until they return to it.. ,
Conductor -- Materials that permit
electrons to move readlly. Examples of
these mater1als are:

1) ,Copper,

2) Aluminum,

3) Silver, and .

4) Other metals. ;

Insulator ~-. Materials that will
neither release their own electrons mnor
allow other free electrons to pass.

Ampere - When 6.28 quintillion (6,280,
000,000,000,000.,000) electrons pass any
partlcular p01nt in a circuit in one :
second.

Volt -~ Unit of electr1cal pressure-- N

pressure being applled to the e
electrons. . e

Ohm -- Unit of electrical resistanCeb

—

Watt --: The rate of: uslng électrical
energy or: the rate of doing electrlcal'
work. One watt is equal to, one joule
per. second. .

Kllowatt-hour -1, 000 watts, this is
the.way that an electrlcal suppller
figures the cost of a,customer s
electric blll

S

|
AC -= Alternatlng current, flows firsti . .7
“in one direc¢tion and® then in the&other.rf- \,

; {DC - Dlrect current, flows in- one
ur,direction. ‘ e

- .’/’




2., How electrical energyﬁmoves through . 99 . .-
~a eirucits T T
. ~ -A circuit is the "path" followed by the
. electrons (current) from the point where
they leave the generator (power source)
. until they return to it, (Transparency o :
IV-1-A). T ’ ‘ .
Note that the circuit ‘is made up of both a
delivery wire and a return wire. The -
. - reason ;both ‘wires are needed is to provide
- one wire on’which electrons leave the ‘ :
. generator and one on which they can return..
. The lamp filament is made of a special | 3
smaller wire of a different metal c
(Transparency IV-1-A), The same number 3
of electrons that travels through the .
.o circuit must travel through the lamp
.ot filament. Energy réquired to push the
s -.electrons through the filament is converted
to heat, causing the lamp to glow.

In making the trip from the generator
through the lamp and back to. the generator,
no electrons are destroyed. 'They simply

' give up the energy given them by the
generator. The energy is then given off by
the lamp in the form of light and heat.
The current in a circuit goes through a
fuse or circuit breadaker to the power source
or generator (Transparency IV-1-A.) These

. are protective devices to prevent too much

. current from flowing, which can happen if
3 the delivery wire and return wire are .

accidentally "shorted" or brought together.
It will also happen if the delivery wire
touches the ground or a path to the ground.

An additional protective device has been
introduced recently. It is the "ground fault
circuit interrupter" :(GFCI} (Transparency
IV-1~B). It is mgre sensitivé and quicker
acting than a fuse or circuit breaker.

The GFCI is designed to protect a pefsoh
who accidentally touches a "live"™ wire in
the circuit, ° . . .

The délivery wire. is sometimes called the:
"hot" wire. The return wiré is called.the

. "neutral®™ wire. : o . -
. co T I . FN\\ C e

. L
-
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. The term “hot" wire is not an - 100
off1c1ally recognized electrical .term. It
is especially ﬂeanlngful, ‘though, to those:
who have touched a wire ahd received a~ '
shock. A person is shocked because of the
voltage, dlfference‘between~the=personﬁand*'f“**
the "hot" .wire. To receive a shock, the
body also has to be in contact with another .
conductor that completes the electrical .-
circuit, such as a damp floor, a metal pipe .
that connects to the ground, or - the second -
wire of ‘the electrical circuit.

¢ Standing-on a dry board or wearlng rubber-
soled shoes or rubber gloves and touching a
"hot" wire with the hand will probably not
result in receiving ‘a shock. These
. : materials are electrical insulators and
prevent your body from completing the
circuit.

There are two basic types of circuits.
They are as follows: .

a. Series‘(T;ansparency'IV-l-C),_and

-,

b. Parallel (Transparency IV-1-C).

A third type is called series-parallel. It
is a combination of the other two. ¥

Series circuits provide for all the current

in the circuit to flow through each lamp. or
appliance. 1In this type of- circuit, if one
lamp {(filament) burns out ‘{or the SW1tch is -
turned off), the circuit is broken. .Curtrent
flow stops and other lamps in the circuit ;

. will not light, " “Very few, if any, circuits - o
of.-this fype are used in the homé. An. LA
example of such a circuit. is the older type TN
of Chrlstmas tree lights. B

s.z }
Parallel c¢circuits provide for dlv;dlng the
current flow through-each lamp or appliance
in the circuit. Eléctrons move through the

. delivery wire and divide. Some pass .

- through the first lamp and- some through the

‘ second lamp. Each lamp and appliance is
constructed ‘so as to allow only as many
electrons to pass through it as it needs.




In parallel circuits, if one lamp 101
burns out, the entire circuit will not be__
‘broken.. Current continues to flow through
the other lamps or appliances in the . *
circuit. Of course, if the switch is
turned off, no power goes "to any part of
the circuit. Most circuits in the home are
of this type. :
There are four conditiong that will break
~the entire circuit and stop current flow in
_ parallel circuits. They sare:

a., Main power switch is off.

;l

b. Sw1tch for the circuit is off.

c. Fuse burned out, or circuit breaker or
ground fault circuit interrupter
tripped.

-

d. All lamp filaments burned. out.

Types of conductors and insulators and how
they work:

The nucleus of each atom has as many
electrons around it as it has protons in
its own body. Some basic understanding of
the makeup of the atom is necessary before
you can understand electricity.

Atoms contain protons and electrons’
(Transparency IV-1-D), The center or
nucleus of an atom contains one or more’
protons. Scientists believe that protons.
cluster together to form the nucleus of an
atom. Each proton has a positive (+)
charge. - :

Each electron is megatively (-) charged,
causing it to be attracted to the
p051t1ve {+). proton.

' In each neutral-atom,” the number of
electrons and the number of protons are
exactly equal. In this manner, the atom is
"balanced." For example, a hydrogen atom
~consists of one proton and one electron.
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Another example is copper. An atom 102
of copper has 29 protons in thé nucleus
and 29 electrons in layers orbiting around

" its nucleus. The number of electrons in_
each orbit is as follows: 2, 8; 18, and 1

(Transparency IV-1-E).
Cépper is a good conductor of electricity.
This is because the electron in the outer
layer is not held very tightly to the atom.
It is easily jarred loose.

g~
o

Under normal conditions, the atom'stays
balanced. But, in certain substances, such
as copper, some of the electrons are C
loosely held. When this is the case, an
electron may stray over to another atom. -
That makes too many electrons in that atom,
so one of its electrons is attracted over
to the first atom (Transparency IV-1-F).

The two electrons are agaimgpalanced. Each
has the same number of protons as
electrons. It is possible, when enough
force is applied, for an atom to lose one
or more electrons. When one or more
electrons are forced on another atom, that
atom has a surplus of electrons. It is
then that trouble--starts (Transparency .
IV-1-F) .

Such action takes place in clouds during an
electrical storm (Transparency IV-1-G).
Masses of warm air move upward in strong
currents. - These may ‘be matched by the
downward thrust of cold, moist air. As
this happens, atoms in one portion of a
cloud lose some of their electrons to atoms
in another portion of the cloud..-. .

o

As'this imbalance develops, that portion

_of the cloud losing electrons becomes .

charged more and more positively (+).
Other portions gaining electrons become
charged more and more negatively {(-).
Finally a point. is reached where enough
electrical pressure has built up for the.
electrons to jump the space between the

negatively. and positively charged areas

_ (Transparency IV~ 1-G). Ipis, or course,

is-called lightning. -

In-lightning®the flow of electrons is . ‘
uncontrplledl .The-electron flow is so '~

266"
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great that. it often causes much . 103
damage. The lightning stroke may hit a
building or a tree. Livestock or people
standing in an open field are sometimes
struck by lightning.

The electricity in your home is supplied by
the same kind of electron exchange, but the
flow is under control. ' Electrons are made
to flow in a controlled manner from a
generator through a conductor (wire).

The generator is forced to turn by some
outside power such as a water wheel, steam
turbine, or engine of some typé. Small
amounts of .energy can be supplied chem-
ically, as by a battery. With this energy,
the generator takes free electrons off the
atoms in the lower wire and forces\them on
the atoms in the upper wire (Transparency
Iv-1-H).

This shortage of electrons on the lower
wire causes it to become positively charged
(+). Electrons from neighboring atoms are
attracted and tend to move in-and make up
the shortage or neutralize the positive
atoms. At the same time, the atoms in the
upper wire are loaded with'"too many
electrons. That portion of the wire
becomes negatively charged (-).

Too many electrons on one side and-too few
on the other build up electrical pressure.
This pressure forces free electrons to move
along the upper wire around the loop to the
lower wire to supply the electron shortage.
No one electron moves very far, but the
number that moves is more than imaginable.

As long as the generator runs, there is a

continuous flow of electrons (current). If .

the generator stops, the flow of electrons
stops because the electron shortage is met.
All of the atoms become neutral.

* .

The forced movement of electrons in one
direction or another is what is commonly
known as a "flow of current.”. i

As discussed earlier, there-is a difference
in the atom family relationships of various
substances. Some substances have free

N
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electrons, ones that are held 104
rather loosely. Atoms in such substances
can be forced to give up electrons and
accept others with relative ease. .

It is from materials such as these that =
circuits are made. Since they permit
electrons to move readily, they are called
conductors. Copper, aluminum, silver, and
most other metals are examples of good
conductors. A good conductor is generally
thoudght of as any elément that has fewer
than four electrons in its outer orbital
layer. .

- .

There are other materials, such as glass,
rubber, plastic, porcelain, and paper,
whose protons hold tightly to their
electrons (Transparency IV-1-I). They will
neither release their own electrons nor
allow other free electrons to pass. They
are known as insulators or non-conductors.
An insulator is generally thought of as any
element that has four or more electrons in
its outer orbital layer.

Insulators play'an important part in
controlling electricity. Wrapping
insulating material around a conductor
prevents it from touching another
conductor. This keeps current in the
proper path. It is not free to pass to ,
other conductors. e

‘ 0 :»‘,

Insulatlng mater1a1 that coVers the,
conductors which connect lamps and”
appliances keeps an.individual from getting
shocked when handling them. They prevent
your body from completlng the circuit to:
ground.- The insulating material also. kééps
the delivery and return wires apart, thus

- preventing. a "short" 01rcu1t.

How electric current is measured

Eléctrons (as.previously illustrated)
travel along a conductor in a manner
similar to water flow1ng 1n a stream.,

This is called a "current.” When
6,280,000,000,000,000,0006 (6.28 .
qulntilllon) electrons pass. any partlcular
point in a circuit in one second, this is:
called one' ampere (Transparency Iv-1 -J),
It may also be referred’ to as . amperage.
R65
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The .ampere is the unit of electric 105
current. &All these electrons are traveling
very fast (186,000 miles each second). A
100-watt lamp requires a current of almost
one ampere to make 1t work properly.

To measure this current flow an instrument
called an ammeter is utilized (Transparency
IV-1-J). Current must”actually pass °
through the meter to get a measure of the
current flowing. If no current is flowing,
the ammeter reads "0." v

In Transparency IVv-1-J, note that electrons
are moving in all parts‘of the circuit.
None of the electrons is burned up or
destroyed. Their job is to carry energy .
from the generator to wherever the energy
is needed and to return it to the
generator.

Since the ampere is a measure. of current
flow, it is important to be able to
understand and describe the current-
carrying capacity of conductors and other
electrical equipment. Ampere ratirnig of
most heating and power equipment tells the
amount of current needed to operate the
equipment’ properly (Transparency IV-1-L).
It is generally shown on the nameplate.

Different parts of the wiring system, such

as wall sw&tches, fuse bhoxes, and fuses are
also rated in amperes.  These ratings tell

the greatest amount of turrent they will

handle safely. If more than that .amount of .

current passes-through them for a very long
period, they will be damaged from excessive
heat. Too much currefit makes a fuse "blow"
or a circuit breaker "trip." Fuses.and
circuit breakers of the proper size will
protect the wiring from over-heating. (and
possible fires) and warn of overloads.

Nameplates on many items of electrical
equlpment show their ratlng in amperes.
What size wire to use in installing-a
special circuit, as for example a clothes
dryer or an air conditioner, can be )
determined from the nameplate found on the
piece of equipment.

4.
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5. How electrlcal pressure is measured 106

g As explalned earller, electrons have to be
forced to move through a condictor ‘and
around a circuit. The force or pressure
that ‘makes them move in the circuit is

i supplied by the generator.

The volt is the unit - of this electrical

T T s presbkure, the pressure being applied to the -

. . electrons. This is the pressure that makes

- them move when an appllance starts or a light
is turned on. This' pressure (generally
referred to as voltage), is available in
wiring circuits all the time -(Transparency

, . " Iv-1-K), whether the electrical- equlpment

< is being utilized or not.

When an appliance that is a heavy user of
electrical energy starts, ‘'voltage may drop.
a little (Transparency IV-1-M). The. llghts
. may blink or become ‘dim. But if the wiring
‘ is of the proper size, the drop will not be-
enotgh to affect other -equipment.

Circuits used for lighting and small
appliances around a home, farm, or business
are supplied with 115 to 120 volts. Actual
voltage may be a few volts higher or lower. -
This voltage will sdrve any equijpment that
has approximately the same voltage marking
stamped on it. For example, a light bulb”
may have "120 volts" stamped on it.
L Large equipment, such .as ranges and

‘ k-horsepower motors or larger, is designed
for use with 240 volts. -In.fact, many
rdnges use both 120 and 240 volts to help

. . supply the different heats needed for
T . '~ " surface. cooking. Note that the range

nameplate shown on Transparency IV-1-L
indicates "Volts 120-240."

' ~ Some motors are designed so they can be
- - connected for use with 120 volts, or they
) : can be reéconnected for use with 240.volts,

* _but not both at the same time. Trans-

| parency 1V~1-I, shows how dual-voltage ~
L motars are stamped. With this, it can be
' seen how important it is to understand the

meahings of the electrical terms on the

nameplates of electrlcal equlpment. ..

~ - ' > ~
% i 2 * N » - ’ .
N % e . ° . . - G
. / j - - H +
: U , '
* . . . v

1 <, ' N -
. . e .
N ] , vsﬁ

* N - 2
¥ . N . &

* " N v . ’ .
- " ) . > « > -
" - - St oo '




Some equipment that operates on one 107
voltage will show a high and low voltage on
the nameplate, such a# "100-120." This
means that any voltage between these two.
figures should be satisfactory for oper-
ating that piece of equipmeht.

When your equipment does not work satis-
factorily, a voltage check by your power
supplier may show that the circuit voltage
is much below the voltage shown on the
nameplate. If so, heating equipment may
heat slowly, lamp bulbs give less -light,
and motors fail to start readily and
develop full power.

-

On the range nameplate is the term "3W."
This also relates to voltage. -It tells
what the range must be supplied with a
3-wire‘circuit.

It is from a 3-wire service, supplying 120
and 240 volts, that both of the voltages
needed for a range are supplied. One way
to find out if there is a 3-wire service to
a house is by checking the number of wires
that come from the power pole to the meter
or from the meter pole to the house.

If there are three wires, both 120 and 240
voltages are available for use.

If the wires are wrapped together, simply

count the wires entering the weatherhead.

How resistance to current flow is measured

Even when the electrical current flows in a
good conductor, some energy is required to
force electrons from one atom to the next
one. The ohm is thée unit of electrical

resistance.

There are three factors which determine the
amount of resistance (ohms) in a conductor.

‘One is the material of which it is made.

Copper and aluminum are commonly used
conductors. Another factor is the size
(diameter) of the conductor. The larger of
two conductors will offer less resistance
to flow of electrons. The third factor is

..the length of the conductor. It is quite

logical that electrons travellng the‘
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shorter distance would meet less ~ . 108
total resistance. Resistance in conductors-
always generates some Jfieat when current
flows through the conductor.

- Resistance in conductors (wires) is a

problem that has to be considered in
supplying electricity to various outlets in.
a home and in other buildings. The more,
current the wires carry -and the farther
they carry it, the larger the wire size
should be.. Larger wires offer less loss of
energy in the form of heat when current 1s
flowing in the w1re. . .

Some substances are neither conductors nor
~good insulators. They hold their own free
electrons rather tightly so they offer
greater resistance to current flow. This
results in much heat being given off. An
,example of such a material is the nichrome
wire used in making heating elements in
“electric ranges, toasters and room heaters.
Of course, heat used in this manner is for
a useful purpose. Heat given off by
conductors in a wiring system, however, is
a complete loss.

Resistance in electrical wires and equip-
ment can be measured with an ohmmeter and
it can be calculated also.

How amperes, volts, and ohms relate to each
other.

As stated earlier in the lesson, a flow of
electrons, or current, is measured in -
amperes. This. 1s frequently abbreviadted
"amp" or "amps." Also, electrical pressure
is required to cause this flow. This
pressure is measured in volts, Similarly,
there is always resistance to this flow,
and the un: t of the resxstanée in the ohm._

The relatlonshlp between these electrical
terms can be expressed very simply. For
example: "One ampere will f£low when pushed :
by one.volt against one. ohm res1stance.

" 1
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.This is cglled "Ohm's Law." It is 109
one of the basic laws of electricity. It
can also be expressed as an equation:

Volts
Amps = Ohms

Just like all equations, it can be turned
around to read: '

Volts = Amps X Ohms, or
. Volts -
- Ohms = Amps

So, if two of the values are known,’the
third value can be computed with this
formula. (Transparency IV-~1-N)

t § . s
How electric power is measured

Electrical power is measured in terms of
watts. It may also be referred to as
"wattage." ‘"Amperes" is current flow .and
"volts" is electrical pressure.

.

But amps and volts have to be worked as a
team when talking about power. Neither
term by itself gives a measure of power for
turning motors or for developing heat or
light. . :

For example, if 15,000 volts are available
but there are no free electrons.to- flow,
there can be no power. Or, <if there are
enough free electrons in a circuit to
provide a flow of 3,000 amperes, there will

‘be no power unless’ there is- voltage to make

them flow. But if 15,000 volts and 3,000

amperes are combined, there is enough power

for a small city.

In order to get a unit of ‘measurement that
shows what volts and amperes amount to in
terms of power, simply multiply the two
together. Thus, : '

Volts X Amperes = Watts or
(Pressure) X ‘(Current.flow) = (Power)

C




_ To show how this works, supposé 110
there is a 120-volt circuit in which 1°
ampere is flowing. Multiplying,,

120 volts X 1 ampere = 120 watts. .

Now suppose there is another circuit with
~ 240-volts and a current flow of 1 ampere
- (Pransparency IV-1-P); multiply

240 volts X 1 ampere = 240 watts. -

In other words, by doubling the voltage ,—
the watts (power) have been doubled with
the same amperage flowing in the circuit.

Voltage is important with equipment that is
considered a heavy load because 240 volts .
require only half as large a wire (diam- :
eter) as 120 volts to deliver the same

amount of power.

Many items of electrical equipment are

_rated in watts. One exception is electric
motors. Most motors are rated in
"horsepower."

- Horsepower can be changed to watts rather
easily by figuring 1,000 watts for each
horsepower- of motor rating if the motor is
% horsepower (hp) or larger. For motors
less than % hp use 1,200 watts per hp: A
5-hp .motor will figure about 5,000 watts at
full load. A % hp motor will figure about'
300 watts if it is pulling, a full lead. -

A theoretical horsepower is ‘746 watts, but
this” does. not include loss of energy in the
) motor_through heat and friction. .One
sanes © = ¥hHousand and 1,200 watts per horsepower are
RS rule-of-thumb figures used for ‘estimating.

k . X

.1f motors 'are not fully loaded, they ‘do not . . ..

develop full rated hp. Wattage is less. ot

‘ If they are overloaded for a short period .

. o , of time, they will develop more than their e
hp. Then their wattage is more. ' % T

= As an example of how these terms work )
together, suppose there is a situation like -
. this; A room heater blows a fuse after it

> -

3 o at
3 : -+ has been used a féw minutes.

.
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. quéstion frequently asked
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The naneplate on the heater shows * 111
"Watts 1,650, Volts 120." '
: 4 ;.
Suppose the heater.on one- of the’ A
circuits has-a 15-ampere fuse protecting = -
it. Is the heater.too much load for the
circuit? - This is a rather.common type of’
experience. - S N

. e

To determine if the load is too heavy for
the circuit, divide watts by volts to get
amperes. Thus,’ ‘ : ’
1,650 divided by 120 = 13.75, amperes.
This much amperage (13.75 amps) is very
close to the full capacity of the fuse (15
amps). Suppose a percelator is added that
has a capacity of 350 watts. Then the
total wattage is figured as follows:
A 9

350, divided by 120 = 2.91-amperes:
13.75 + 2.91'= 16.66 amperes

This overloads the circuit, causing the -
fuse to blow . or the circuit breaker to
trip. )

’

Equipment of more than 1,000 watts is ofteﬁ«

rated. in kilowatts. A kilowatt is 1,000
watts. The heatéer we just discussed could
have been rated "KW 1.65, Volts 120" which
would. be the same as the rating given, .
"Watts 1,650, Volts 120." e
A ‘heater with that much .wattage should be-
on its own special circuit.

Present-day general pu;po?é'and appliance
.circuits are of 12~-gauge wire wWhic should
bé protected with a 20-ampere fuge. How-
ever, some’ ] i
smaller size wire (l4-gauge) fof general-
use circuits. With l4-gauge. wire, 15~ .
ampere fuses are used. - é%> "

: R .
Watts can be measured with an’ instrument
called a wattmeter. - - T e

! ©
How electric energy i's measured

L

%’a’t"does ‘it cost to opér%? Thig is a

.
. -
>, v
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homes may be wired wifh the next -

\dspecially when .
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~ - -new equipmefit' i8 being purchased, 112"
o It is an important question, one that can
Lo LT ~ ° -usually be answered if the individual
! ; . understands -about wattage and how "elec-
e .~ trical energy is measured. g )
It is customary to buy goods by measure -
‘fgallons or liters), or by weight (pounds
L or kilograms). For example, gasoline is
< purchased by the gallon, and grease @ the
pound (Transparency IV-1-0), - K ‘

. Electrical er{érgy ié bough_t by kilowatt-
, hoars (1,000 watt-hours) (Transparency
' Iv-1-0). ‘ )

. , : ' In the discussion, "How Electric Power Is
‘ Measured," it was explained that a watt is
the rate of using electrical energy or the .
- rate of doing electrical work. For T
'~ example, when one ampere is pushed through « -
a circuit by 120 volts, the powér is 120
.watts.. This is about the power required to
turn a small food mixer.

But "watts" and "horsepower" do not give

a measure of the amount of electrical ’

energy a piece of equipment will use. .
Another unit which includes the time the ‘
equipnent is "on" is needed.. 'w

This”&nit is the watt-hour (or whr). It
' - combines' the.watt {(unit of power) with the
’ hour (time). It i;%a relatively small. .

o - unit. A block of 1,000 of-them is more v
commonly used. One thousand watt-hours
equal one Kilowatt-~hour (kwhr). "Kilo"
.means "1,000." This is the unit of
electrical énergy the consumer uses and ‘ .
pays for each month. L ‘ ‘ o o

Suppose a man-is hiredsto mow. a 'lawn. L |
. The man might ‘be rated as "1 manpower," but
! ' is paid only' for the hours. that the man . :
actually works. Then it can be said that BRI
the man.is paid by the heur, or e
manpower~hour. - ° o
: Elettrical energy is paid. for 4in the same
. . way. For example, assume a l-horsepower - .
) motor is fully- loaded and-gmerated for 10 S
, hours. Multiplying'1,000 watts (approxi~- ~
. 'mately equal to 1 horsepo J by 10 hours, ’

,
: . -
, : Co . ’
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is figuréd the same way. .

minutes (% hour).

Types of electric current

long distances. ] ‘ Y

P *

yields 10,000 watt-hours or 10. 113
kwhrs. Watt-hours are such small units of
electrical energy that power suppliers sell .

them to‘the consumer by the ‘thousand.- To.
" get the kiléowatt-hours of electwical -

energy, divide the number of watt-hours By
1,000, . .o . ' .

¥

Using a-100-watt right bulb" for 5 hours,

. 100 watts X35 hours = 500 watt-hours,
500" watt-hours.divided by 1,000 = .5 or
%. kilowatt-hour. i ;

I
-

Figure power for a food mixer in the,

same way (but it should be noted that a
mixer is uSed only a few minutes at.a -.§
time). Suppose it is used for only 15

t‘q»

Figﬁ%& the energy usedlas showyn:
(120 lwatt redquirement)

-

15 Minutes = % hour , _

120 watts X % = 30 watt-hours -

30 watt-hoyrs divided by 1,000 =..030 A
kilowatt-hours . _ - .

Thus far, current hdas been shown as flowing

in only one direction in a circuit. This - K
is cdlled direct current. On most name-

plates, it is abbreviated as "DC."
DC is the type ‘of current used in flash-
lights, portable radios,; and automobiles.
When electricity was first made available,
it was all direet current. There are now

" few, if any, places where it is still used.

DC was found to have a gerious disad-

vantage-~it was difficult to deliver over = --

The current which flows.through lights, N o
refrigerators, and other equipment in your

home, flows first in one direction and then.

the other. It is called alternating current
(AC). This. flow in one direction, L
reversing, and getting ready to start all . -..
over again is called a"cycle." 1In most '
places, 60 of these cycles occur each
second. Thus, we get the term 60-cycle

”

f

= : .277




A newer term for cycles per second' 114
is 'Hertz or "Hz," o,

Most power suppliers control the.power to
exactly 60 Hertz. Because of this control,
an electric clocks keep accurate time. If
there should be more cycles per second, '
the clock would ™ gain" time; if fewer, the
"clock would "lose" time.

Most equipment for the home is deszgned

for AC current only. But there are a few
items of equipment.that will operate on
either AC. or DC. .Examples Of these are
standard lamp bulbs and portable electric
drllls.

Connect an ammeter, voltmeter, or wattmeter
to an alternating current circuit the same
way as for direct current. However, be

sure to check the nameplate to see that the -

meter is designed for use ‘with AC current.

Selectlng tools and equipment

The basic. tools needed by the electrician
are as follows (Transparency IV-1-P):

Screwdrivers:

Common and Phillips in several sizes.

Pliers: . "
Pliers of various types probably rank first
among tools frequently used by electri-
ciang. Lineman's pliers are. available in
several sizes with 18 cm and 20 cm (7" and
8") sizes being most.popular. The. flat . .
jaws will bend, grip, pull, and twist llght
arid heavy cable and wires. The side
cuttlng jaws will cut cable up to large
sizes, and the ‘shoulders wi}l ¢rush insu-
lation to ‘make: cuttlng easier. . Lockin
liexs are used to grip and hold cable, -
tighten connedtors, and pull, cable.
"Diagonal. cutters have eXpOSed tapered’ Jaws
that “are gonvenient for cutting cable ends
in boxes and other places where close |
fitting connectiofis are made. Long nose
pliers (often called needle nose) are
" useful for bending loops in wire to fit.
R Y




. Portable electric drills and carpenters

under screws. Water pump (channel llS

locking) pliers are used to tighten
locknuts and cable connectors.

All pliers should have insulated handles.
Slip-on insulated covers are available for

‘most sizes.

Wire stripper:

This tool quiekly removes insulation with-

out damage to the wire. Some types include.

wire cutting jaws.

.

Wrenches:

Adjustable jaw come in several siZes,.:

20 cm and 25_cm (8" and 10") are preferred
by many. BApe wrench is used to.grip and

turn conduit. ' >

>
e

Drilling tools:

Y

brace and bits are used to drill holes.
Several sizes and types of bits many be
used. Hole-saw bits many be used to make

'larger holes., Various types of auger. bits

are used for drilling holes in framing.
Carbide-tipped bits .are required to drill.

into masonry. Also, star masonry hand bits -

are often used.

Measuring tools:.

"

Folding extension fules may be made of wood
or plastic and are usually six or eight
feet in length The six-inch extenSion

. slides out to measure box set-out. Metal

tapes with spring return are 1;8 to 6.1m (6
to 20 feet) in length. Fifteen-meter or
30-meter (50- -foot. and.loo -foot) tapes may
be metal ‘or fabric and usually have a crank

" return.’ The combination square is useful

for simple squaring.

Level-

These come in many sizes. They are useful
for horizontal leveling or for vertical
plumb pOSitioning.

-

W™,
v
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Cutting tools: ) - ‘ . - 1:16~

The cable rlpper will qulckly slit the

- sheath {outer jacket) on cable. A heavy
duty pocket knife many also beuBed to slit
sheath and may be- used” to taper insulation
on wire ends. The standard. carpenters-
crosscut saw-is for sawing wood. ' The

- compass' saw or Keyhole saw is a small
tapered saw for rough cutting holes in
flooring, paneling, and plasterboard. The.
‘hacksaw is used for metal cutting,
including large cable or conductors. Wood
chisels are used to cut or gouge wood.  The
electric saber saw. is very versatile. It .
may be used for cutting wood, metal, and
plasterboard. "

Electrician's hammer:

The hammer is used for nailing boxes and
other devices 1n ‘place and for driving
staples.

Soldering iron:

Soldered connections are .not now required
in most localities but may be called. for
under some conditions. Soldered
_connections are not allowed for certaln
"connections.

-

Tool pouch:

Use a belt-mounted leather pouch with space
to cayry "most-used" tools.

Fish tage: I C o

The fish tape is used to pull or push wire
through condult.

_ Volt-ohm-meter: - I .

The volt-ohm meter is used to test circuits |
for voltage and continuity. . o

2
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Portable saber saw
Wood,chiselﬁ* .
Fish tape - ) * ,
_Volt~-ohm meter . - -
Pocket knife - .
Cable ripper )

Hand .saw .
Compass'- saw ’

“Hack saw . .
10. Carpenter's hammer (claw)
11. Soldering iron

12. Electrician's tool pouch
13.. Adjustable jaw wrench

14, Pipe wrench

15. Electrical drill . L
16.. Hole saw bit - .
17. Star masonry bit .
18. Wood bit’ )

19. Folding rule

20, Retractable tape measure

e » o o o o o o'

O 0O ~JOV UV LN =

" 21.  Level .

1

22. Plumb bob
23. Flat blade screwdriver
24.. Phillips screwdriver
25. Lineman's pliers

26. Locking pliers .

.27. Cable cutters (diagonals)

28. Long-nose plierS;(needléenoseY
29. Channel lock pliers

30. Wire stripper -

Reading the meter:

There are basicaily two diffgrent‘types of
meters ‘(Transparency IV-1-Q): ° .

a.. Cyclometer- type, and
b. Pointer type.

e : ) ) ’
Both types of meters have a flat aluminum

disk with a black mark along it edge. This

disk turns when energy is being used.
.Meters also have a-meter constant. The
constant is shown on the meter nameplate in
Transparency IV-1-Q. A constant of "Kh =
1.5" means that for each revolution of the
disk, 1.5 kwhr has been used.

L .
The cyclometer type of meter is readg
exactly as the mileage odometer on the

family car.




C. Suggested Student Activities

%

\

1,

The pointér type of metef is a little more

difficult to read. Reading, this type of

‘Thig type is commonly used by power,
- distributors who depend on their users
to read their own meters.- )

e

118

meter requires more skill since the pointer

a.

d. ’

To ‘determine how many kilowatt-hours have-
used since the last check period time,

ly subtract the.old meter reading from

-(Transparency
. L) .

tmp

the current meter reading.

‘on-any one dial, rotates in the opposite .
direction to the one next ‘to it.i
.direction in which each pointer moves must
be denoted before one can tell what number
to record. ' The steps in
‘type of meter are:

The

Read the number nearest pointer on
right hand dial and record (Using our

example . this would be a 5),

Read the last number passed on the

reading a pointer

secorid dial and record on the left of

the first number-45,"°

-

Read the last number passed on the

third dial and record-245, and

Read the last number passed on ‘the

fourth dial and record-324s.

IV-1-R)

Résistance (ohms), and

Watts.,

o

e

"Have the étudents~design-simple AC and DC

Assign each student to check. the

circuits.
following: ’

Ca. Voltaée,
b;’ Current (amgs);
c.
a.

v




third.. Example:

Assign electrical éroblems to . . 119.
students by giving them any two units in
ohm's Law and have them solve -for-the

7
v

An electric toaster draws 3 amps and is on
a 120 .volt circuit. What is the resistance
of the toaster? Solution: : :

volts 120’ _

- R = Amps R= 3 R = 40 ohms .,
\ A
£ ’ - '
) .
2 s
®
» - N
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' LIGHTNING DEVELOPS WHEN EXCESS ELECTRONS PASS FROM THE NEGATIVE CLOUD
| TO THE POSITIVE CLOUD, THIS CHARGE MAY ALSO PASS THROUGH A TREE OR A
TAI_.L OBJECT TO GROUND. ' 291 . '
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 HOW ELECTRICAL ENERGY IS PURCHASED .

L}

-

3 / R

"GASOLINE IS (7, ]

PURCHASED | 47711,
. BY THE 7Ty
GALLON... ¥
L }
GREASE....
BY THE o

POUND

B 1

AT .

—

PEOPLE ARE ACCUSTOMED TO BUYING GASOLINE BY

" THE GALLON, AND GREASE BY THE POUND,

ELECTRICAL ENERGY IS MEASURED AND BOUGHT BY
KILOWATT-HOURS ( -

ELECTRICAL ENERGY 1S
" MEASURED IN®- "
KILOWATT-HOURS _ :
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TOOLS USED IN ELECTRICAL WIRING
1 .




THO TYPES OF METER READOUTS -

. ODOMETER | POINTER ,
TYPE REGISTER | TYPE REGISTER
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RILOWATIHOURS

. 4

RECORDING THE METER READING AT THE
BEGINNING OF THE PERIOD.

- >

THE "Ku 1.5” ON THIS METER
MEANS THAT WITH EACH DISK
REVOLUTION, 1.5 KILOWATT-
HOURS ARE USED.,

TRaNsPARENCY IV-1-Q
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RE-AD NUMBER NEAREST PUINTER AND RECORD

READ I.AST NUMBER PASSED ON SECOND DIAL AND )
RECORD ON LEFT OF FIRST NUMBER

READ LAST NUMBER PASSED ON . g
THIRD DIAL AND RECORD" 89 |
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INSTRUCTIONAL AREA: Agriggitural Mechanics

o FR o
~ toihg
INSTRUCTIONAL UNIT IY: Electricity

L]

LESSON 2: Skills Necessary in Practfcal Wiring"
- ) "
I. Preparation for Instrujfion
L4
. A. Student Objectives :
1. Terminal: Demonstrate skills that are -
required to wire single-pole ‘switches,
»three-way switches, four-way switches,
duplex receptacles, double-pole switches,
. and to make all necessary connections. -
2. mSEGlelC. I ] -
‘ .
L a. Describe the proper procedure for
removing the cable sheath.
t b. Desgrlbe the proper procedure for
- removing insulation from wires.

c. Define splicing.

' d. List the three types of solderless
connectors.

e. Define the term "ground."

- f. Explain why grounding an ‘electrical
7 . circuit is important.
¢ g. Describe how system and circuit
grounding is accomplished.’

h. Describe two different ways of

grounding to a metal box.
’ i. List several types of receptacles.

j. Demonstrate the procedure to follow in
connecting a 120-volt duplex rgcep-
tacle.

k. Define the term "back-wired
receptacles."”

. 1. Describe how switches are related.
m. List the three types of common switches
. ‘ used in house wiring.
n. Demonstrate the procedure to follow in

connecting single pole switches under
the following conditions:

1) Switch with switch source.

Switch to one light.

2)

.




Demonstrate the procedur 121

follow in connecting duplex_ receptacles

under the following condition:

1) Switch to both halves of\ the duplex

. receptacle.

2) -Switch to one half, other half
"hot" at all times on a duplex

« receptacle. C

* List the four basic rules in wiring a
three-way switch.

. Demonstrate the procedure to follow in
connecting three-way switches under the
following conditions: . )

1) 'Lighting outlet ahead of. switches. -
2) Lighting outlet between switches."
), Lighting outlet at end of run.
r. emonstrate the procedure to follow in
+ connecting four-way switches.

Review of Teaching Materials

1. Colvih, Thomas S. Electrical Wiring:
Residenptial, Utility Buildings -and Service
Areas. Athens, Georgia: American
Association for Vocational Instructional
Materials, 1279. ’

o

Colvin, Thomas S. \Maintaining the Lighting

and Wiring System. “Athens, Georgia:

American Association for Vocational ;
"Instructional Materials, 1980.

Specjal Arrangements ‘ P

» ) - *m'
Have on hand various electrical devices
(syitches, cables, duplex receptacles, boxes,
ett,), electrical tools, and other electrical
equipment. ’ '

Materials reéuireé
1. Ovérheéd projector and screen
2. - Materials listed above
~II. Prgsentation of Lesson
A. Motivation
‘ i. A dependable wiring job déEenés.to a great )
extent on good connections throughout the

system. Wherever wires are attached to
terminals or spliced together, take time to

-




make the connection correctly and 122

prevent problems in the future. . -

] Lo . . <
4 2. Many wiring tasks performed in the area of
) agricultural mechanics can be accomplished
by individuals who have a basic knowledge,

. N of electricity and electrical circuits.
- The alternative is to hire ghé work done.
. : Lo
; ) |
1 . / L4
-




B.

Content Outline . o123

1.

The first step in preparing cable for
connection in bhoxes is to remove the outer
covering called a sheath, unless it was
removed before the box was installed. A
cut down the center of the cable will oepen
the sheath making it easy to separate from
the insulated wires inside.’ A knife blade
will do the ‘job but may cut through the
insulation on the wires. Many prefer to
use a cable ripper because it does not
usually penetrate deep enough to cut the
wire insulathion (Transparency IV-2-3).
Preparing cable for connections is
discussed under the following headings:

a. Removing cable sheath. Proceed as
‘follows to remove cable sheath yith -
cable ripper: (Transparency IV-2-3a)

1) Place the cutting edge of the tool:
where one desires the cut to start
on the cable. —

2) Squeeze and pull to .the end on the
cable. ‘ *

3) Peel the sheathing and cut it loose
with knife or side cutter.

4) Remove any remaining paper and
other” filler. .

b. Removing insulation from wires. T

Insulation mpy be removed with a knife

.¢ Or a.wire stripping tobl. Proceed as

follows:

1) : Using a knife, start the cut on the
insulation at an angle to prevent
cutting into the wire.
(Transparency IV-2-A)

A nick in the wire will weaken it
and reduce current carrying
capacity. Remove about 5/8 to 3/4
of a inch, depending on type of
connection to be made..

2) - If wire strippers are used, insert
wire into the correct wire gauge
hole size on the tool and squeeze
the handles. ‘ -

¥
"Bé sure the ‘hole size is correct or
it will damage the wire. Squeeze

308
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to make the cut through the 124
insulation &4nd strip the insulatiorf
off the end of the wire (Trans-
parency IV-2-3a). - This method does
not cut 1nto the wire.

2. Types of splices and connectors

|
Sp11c1ng is the joining together of two or -
more wires to make a connectxbn. SpPlices
’ ' .must conduct electricity as well as uncut
wires to be sure of good eleétrical
* : connections« Loose connections may!ailow
arcing which could cause a fire or damage
equlpment when the system 1s placed in
‘ ' service. ’
Soldering was once the accepted method of
.o splicing wires but is seldom used in modern
. house wiring.
4 - L Solderless connectors are available for
’ most types and sizes of splices
. (Transparency I1v-2-B). They are easy to
use and make good connections quickly.
There are several brands, but they are
, usually called wire nuts. Wire nuts are
“ .used for practically all splices in house
< wiring cjrcuits. They are available to fit
. all sizei'of commonly used wires kn house
wiring. The size of wire must be matched
. v with correct wire nut size given on the
. \ package.

il
3. 5plicing wires =-- Remember, all splices
must be enclosed in a box. There are two
methods for splicing wires:

a. Solderless: solderless splices may be
made by the use of three different
types of connectors. They are:

1) Wire nut connectors. are the most
satisfactory. Proceed as follows:

a) Remove insulation from wire
ends. Use a wire stripper.
Remove just enough insulation
\ . " for the connector to cover the -
bare wire when tight (Trans-
parency IV-2-B), Follow
(/insﬁructions on the box.

o 310




b) Hold wires side by side. ~ 125
It is not necessary to twist
the wires together.

c) Place connector over wire end
and turn as one would a nut
until tight (Transparency
IV~-2-B).

Be sure both wires are locked
in and no bare wires are
exposed. . .

2) Crimped-conhectors are used but
may not be approved by some local
codes. The wire ends are stripped
and placed in algonnector and
crimped with a ¢rimping tool.
(Transparency IV-2-B),.

p

3) Split-bolt conneéctors are normally
used for large wires (Transparency
IV-2-C). The wire ends are
stripped and placed in the
connector, and the nut is
tightened.

The connection is then wrapped with
layers of plastic electrical tape
at least the same thickness as the
original insulation. -

b. Soldered

Wires may be spliced with 'solder. Wire

ends are stripped, cleaned, and twisted

together. The wire ends are heated
with a soldering iron and rosin-core
solder is melted by the heated wire.
(Pransparency IV-2-~Q).

Grounding the electrical system and
equipment e .

A ground is an intentional connection
bétween an €lectrical system arnd the earth.
The preferred way to ground a- house W1r1ng
system prior to the 1978 Code was: to
connect a conductor from thé neutral bar 1n
the Service Entradnce Panel to & metal cold
water pipe that is underground for -at Yedst
10 feet. This type of installation- mist
now be supplemented by one or more addl-,
thn&l groundlng electrodes.

B




Grounding makes an electrical syste
safer for people tO use and prevents damage
to the system and property. If circuhits _
and equipment are not correctly grounded,
one may get a severe or even fatal shock.
Such items as appliances, power tools, and
electric motors may be damaged or destroyed
by a ground fault. A ground fault is an
insulation failure between-an energized
(hot) conductor and the ground.
Grounding the electrical system and
equipment will be discussed as follows:

A
1

a. Ground the system and circuits

Grounding the system and circuits
covers all current-conducting parts of
electrical installation, including the
necessary wiring-in the SEP and 4he
circuits.

System and circuit grounding is
accomplished by connecting the SEP
neutral bar to ground and by connecting
the white neutral wire from each
circuit to the neutral bar.
(Transparency IV-2-D)
In 120-volt installations there must be
two conductors, one black and one
white. The black wire is commonly
referred to as the "hot" wire, but its
technical name is the urngrounded
conductor. The white wire is commonly
called the neutral wire, but its
technical name is grounded neutral{_
conductor. Both wires carry current,
but the white neutral wire is connected
to ground through the neutral bar in
the SEP (Transparency IV-2-D). The
white neutral wire must be continuous

_ 7 throughout the system. How can this be
done when the wire is cut at every box
or outlet to make spliced connections?
It can be made electrically continuous
by joining the cut ends with good solid
connections at every box (Transparency
IV-2-D). By joining white wire to
white wire at every connecting point,
‘one gets the same effect as having one

- coptinuous white wire. It runs from
. T N
, ~
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the SEP to every outlet in the , 127
circuit. One must not install a
switch, a fuse or a circuit breaker in »
the neutral wire. The rule to remember
is, the neutral is always white but the
white wire i1s not always a neutral.

The white wire 1s not a neutral 1f it
is connected to a switch. Id an ex-
ception to the Code requirements, the
Code allows a white wire to be con-»
nected to a switch in some instances.
-This exception will be explained in
detail under "Connecting Switches and
Circuits." )

L 4

Grounding the equipment

Equipment grounding covers the
non-current-carrying parts of the
system. Included are metal frames on
equipment, appliances, and motors, and
all metal boxes, switch boxes,
receptacles, and metal conduit.

According to the Code, equipment is
connected to ground for the following
purposes:

g
1) To limit the voltage to ‘ground on
equipment frames and on metal
enclosures of the wiring system.

2) To ensure operation of
cover-current devices in case of
ground faults.

The grounding wire is there to help

protect a person from a dangerous shock

or to protect equipment from damage in
case of insulation failure in the
circuit. If a ground fault occurs and
the current in the liné exceeds its
overcurrent protection, the circuit
breaker trips or the fuse opens,
discdnnecting the circuit.

In 120-volt house wiring using. non-
metallic sheathed cable with ground, /
equipment grounding is accomplished by ™
means of the bare grounding wire in the
cable. It must be connected to the -
neutral bar in the SEP. The bare

ground wire does not normally ‘carry
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Voo
current. From the neutral bar, 128
it must be connected to metal outlet
boxes, to every outlet in the ciycuit,
and to the frames of all equipment.

The grounding wire may sometimes
insulated. If so, it must be

or green withlyellow stripes.

To ground the s&stem and circuits
the equipment, proceed as follows:

1) In the SEP, locate the end of th
cable that is marked (for example)
"clothes washer."

2) Remove the sheath and filler from
. the cable clamp to the ends Jf the
Vtcablek« o

N TN S o

3)  Remove.3/4 inch of insulation from

~

" each insulated wire.

vt

4) 1Insert the white neutral wi;h\gyﬂera
a terminal screw on the neutral bar
and tighten. On most neutral bars
the wire-end_is inserted under the
terminal screws without a loop.

Insert the bare grounding wire
under a separate terminal screw on
the neutral bar and tighten the
-SCrew. .

To complete thgg;fréuit wiring in

the SEP, nect the black wire to
the circuit\breaker., Most have
push-in set-screw ty, gs of con- s

nections. Shap . the.circuit breaker
into position., Beg/su it 'is the
correct size for-the conductor.

Connect the grounding wire to the
metal box and to the receptacle
grounding screw. .

The bare grounding wire in the
ed to the

grounding screw on th
(Transparency IV-2-E).
way to connect the groundi
to a metal box is withla "
wire, sometimes called\a "
and a screw. The "jumper"

{

t
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.b) Contact receptacles or yokes

. - -, [ —
a short piéce of wire, 4-6 129
inches in' length. . Another method

of grounding fhe box 'is by means of
a clip. ‘Insert the end of the -

- jumper wire into the clip and force

the clip onto.the edge of the box.
Use of clips is not allowed by -some
local® codes. (Transparency Iy=2=E}-

In single-gang plastic gpies, the
ground wire is not required to be
fastened to the box. The ground
wires are fastened to each other . -
and to the grouqdlng terminal on

the receptacle. (Transparency-. e
1V-2-E) 4

The Code permits the following
exceptlons to the required jumper

wire for receptacle ground1ng~
- o«

La) Where the box 1s surface

mounted, the metal to metal
contact between the¢ metal"
receptacle yoke and the box is
permitted for grounding the
yoke. (Transparency IV-2~F)"

designed and listed for the
purpose are permltted for.
grounding the1c;rcu1t between -
the yoke and flush types of
boxes. Several manufacturers
offer spec1ally constructed
receptacles which provide a
ground between the receptacle
yoke  and box, thus ellmlnatlng
the grounding screw and Jumper
wire. (Transparency V-2 -F) o

&

.Connecting CerUItS and receptacles

Connecting. circuits and receptacles are
discussed as follOWS‘ Lo .

a.

*Types, szzes, and colors of receptacles

" The most common type of receptaclé in.
‘house wiring is the standard grounding .
dupliex receptacle.‘ It ds avallable in !
15~ and 20~ampere;, '120~v01lf rating W1th
.a P-shaped opening as the qroundinq

"termiﬁal. (Transparency IVb2~G)

©
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Another type allows.one 130
- outlet to be wired for 15-ampere, 125

volts and one for 15-ampere, 250 volts

(Transparency IV=2-G). Receptacles may -

be rated for 125 and 250 volts even

though they are -connected to 120 and

240 volts.

K . Other types and sizes of receptacles
are the single receptacle, single
receptacle with a switch, single

receptacle with pilot light, and a s co
’ duplex receptacle with weatherproof k .

- cover. .
. b. Connecting 120-volt duplex receptacles

- : - Examine the duplex receptacle before
starting to wire. Look at an example .
~ from the back (Transparency IV-2-H), . .
note the two brass terminal screws on ol
.one side. Always connect a black wire
or current-carrying wire to a brass :
terminal (black wire to dark terminal). - \ .
- \ On the opposite sidé are the two silver - -
a terminal screws. Connect only white
wires to silver terminals (white wires,
‘ to light terminals). The green - .
, hexagonal grounding screw is at the ) -
~ o bottom on the right. (It may be at the B
top on some receptacles.) Connect the .
bare or ¢green grounding wire to the
green screw. ’

S - Some receptacles do not have different
colored termlnals. If not, the Code
g . requires the word "white" to /be located
next to the terminals for the white
neutral wires. Also, if' the grounding
terminal is not.colored green, i# must
! have the word "green" located next to
it. .

At the top and bottom center are the
mounting screws. They fit the holes on
the front of the box. Use these to
mount the receptacle after the comple-
tion of the wiring. Plaster ears at
bottom and top 'hold the receptacle in
correct position if the box is set too:
deep.
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. 5
. ' Procedure to following in wiring 131
X . , the diagram as shown in (Transparency
Iv-2-H). No.-12-2 w/g cable is in-
stalléd and clamped inside the device .
: - box. Allow 6 to 8 inches of cable to -
v work with and mount the duplex recep-
. tacle with U-shaped ground opening at
the bottom. Proceed as follows to
connect the first receptacle in the
circuit: .

1) Remove cable sheath and filler and
strip about 5/8 inch of insulation
from the exposed insulated wires.

2) Make a loop of wire ends of the
black and white wires ag shown in
Transparency IV-2-H. .

Leave an opening at the end of each
loop so it can be easily placed
under the screw terminal.

3). Connect the black (hot wire) to one
of the brass-colored terminal
screws on the réceptacle.

Place the loop on the terminal so
- ' it will tighten as the screw is
turned clockwise. With pliers,
pull the loop snug around the screw
and tighten with a screwdriver.
When tight, the insulation should
. run right up to the screw so bare
‘ . wire doesn't show. ‘ '

Sh

4) Connect the white (neutral) wire to
a silver-colored terminal opposite
the black wire connection.
Install the wire loop under the )
silver terminal and tighten. oL

- 5) . COﬁﬁect the grounding wire.

The wires may be connected to the L s
receptacle in any order, but many o
, . : - people prefer,tq'makg«theﬂgrounding -
- . connections first. The grounding '
. .wire in the cable is bate or, if
[ : : . insulated, green. The grounding
; ‘ wire must always be - oo
t

<ol
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connected to every box. The = 132
grounding wire must be connected to
both the box and the receptacle
unless.the receptacle is the type
with special grounding yoke or the
box is. plastic. Wiring a recep-

tacle that must be grounded to the

box, two jumper wires must be -
utilized to connect the grounding
wire(s) in the circuit cable, one
from the box and the other from the
receptacle.‘ .

Proceed as follows:

a) Connect the jumper wire to the
grounding screw in the box.

Cut a 4 to 6 inch length of
green insulated or bare wire
and’ connect one end to the
grounding screw in the box.

b) Cut a second 4 to 6 inch length-

of green insulated or bare,

\ grounding wire and:connect one
end .to the green’ grounding
terminal on fthe receptacle.

c) Complete the grounding.wire
connections.

Three wire ends must be brought
together, the bare wire from
- the cable and the two jumper
_wires. Place the three ends of
the wires together, attach a
wire nut, and tighten.

The receptacle is now com-
pletely wired if only one cable
enters the box. However, in:
this instance, one must connect
a second outgoing cable to
extend the run to other recep-
tacles.

L]

Connect second cable

To connect the second cable, attach
the black wire to the.second brass
terminal screw and the white wire

]




to the second silver-colqQred

" terminal. screw.

Since the grounding connections
have already been made to the
receptacle and to the.box, it is
not necessary to repeat these
steps. .

Connect the bare grounding wire
"from the second cable to the
grounding wire from the first
cable.

Instead of three grounding wire
ends- fastened with a wire nut,

- there will now be four. Remove the
wire nut and place the end of the
grounding wire with the ends of the
first three. Replace the wire nut
and tighten. (On the job, connect™
all four grounding wires at once,
realizing that the outgoing cable
must be conneeted.) This completes
connections to the receptacle and-
box for the incoming and outgoing
cable.

Place the receptacle in the box

Bend the wires slightly so they
will fold in accordion fashion.
Push the receptacle into the box
with wires folded behind.

Attach the receptacle‘to the box

The receptacle should be mounted so
it is straight up and down. The
box may sometimes tilt right or
left. A wide slot is provided for
the mounting screws at top and
bottom of the receptacle to permit
adjustments as needed,

Attach cover plate

After all finish work is completed
on wall surfaces, attach the cover -
plate. Insert center screw to hold
cover plate. (Transparency IV~2-I)“

Cdnqgct back-wired receptacles




‘Many receptaclgs are made so° 134
wiring can be donnected to either
side terminals or-to back-wiring
holes. Connections to back-~wired
receptacles are similar to side
screw terminal connections. The
difference is that wires are in-
serted into holes on the back of
the receptacle (Transparency
IV-2-J). Back-wired receptacles
have a strip, 1depth) gauge on the
receptacle to ipdicate the depth of
the hole. The length of insulation
to be removed fropm the wires must
match the length of the strip
gauge. When installing back-wired
receptacles, proceed as follows:

a) Strip the correct &é/;th of
1nsu1atlon from the black and
white wires. .

Insert the wires into the
holes.

With many back-wired devices,
one needs only to insert thews
wire into the hole near the
terminal screw to complete the
connection. After the wire is
inserted it is .clamped auto-
matically. With other -back-
wired devices, loosen a screw
near the hole, insert the wire,
and tlghten the screw against
the wire: Follow instructions
on the cartén or packing slip.

Insert the black wire into the
hole near the brass terminal
and the white wire into the
hole near the silver- termlnal

If the screw terminals are not
identified“b¥ color,. the hole
for each white neutral wire
must have a white ring around
it or it must have the word
""white" printed next to the
hole. )
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another receptacle is to be
connected, repeéat the procedure
for black and white wires.
Ingert the wires in the holes
provided near the second set of
terminals.

A hole may not be provided for
the bare grounding wire. Use
the green grounding terminal
screw if there is no terminal
marked green. Make all
grounding connections in the
same way as with screw terminal
receptacles.

5. °Connecting switches and circuits

a.

Types and sizes of switches

In house wiring, the switches that are
installed will likely be AC switches’
for the control of lighting circuits.
Most of those used in lighting circuits
are toggle switches. Other kinds
available are the rocker-type and
push-button switches (Transparency
IV-2-K). Older AC-DC switches are
seldom‘uged because the AC switches are
r

quieter and lower in cost.

Switches have their safe ampere and
voltage ratings stamped on the metal
yoke and, if horsepower rated, their
maximum rating. A switch may be rated
for both 120-volt and 240-volt oper-
ation. For example, 10 amperes at 120
volts or 5 amperes at 240 volts. In
others the switch ‘may be rated only for
120-volt use. Check your switches
beforé mounting to be suré ‘the ratings
are suitable for the circuit.: '

switches are‘avaiiébé in various

combinations such as switch .and

receptacleé, switch and pilot light, -or
-with twé.switches on oné strap.

© (Transparency IV-2-K)

As with receptacles, sWitchégﬁﬁéy be
eithér side-wired or back=-wiréd or
. both. 0tﬁér~u§e£ul variations are the

If an outgoing cable for 135 -




4

time~delay switch and the - 136
rotary-dimmer switch (Transgarengx
Iv-2-K). ’ T

The time-delay switch turns lights on
as an ordinary switch. However, when
turned to "delay," which is the "off"
position, the lamp remains "on" for a.
convenient period of time. In the
garage, for example, it will allow time
to enter a car comfortably before the
lamp turns "off." .

A rotary-dimmer swifch turns the lamp
to any level of lighting desired from
"off" to full brightness. Dimmer
switches are ofteh used to control
lighting levels in living and diping
rooms .— '

Both time-delay and rotary-dimmer
switches are mounted in standard switch
boxes. Both connect in thé&+-circuit in
the same manner as standard single-pole
switches. -

The three most common types of switches
used in house wire differ in their
internal wiring. Terminals may be
located on ends, front, .or sides. The ..
three types are: -

1) Single-pole switches, °*

) Three-way switches, and

3) Four-way switches.

(Transparency IV-2-L)
b. Connecting single-pole switches

A single-pole switch controls lighting®
from one positipn. But one single-pole
switch may control several lights. or
receptacles on the same circiit.

Wiring connections could be different
for one or two or more lights on a
circujit. Connections differ depending
on whether the power source enters the
circuit at the switch or through an
outlet. The term source is used to
indicate the power source from the SEP.




The Code requires that metal 137
. switch boxes be grounded:. But'the
switches themselves do not usually have
a grounding terminal unless used for a
special purpose. So, unlike recep-
tacles,” the pigtail grounding wire is
not normally required to be connected
from box to switch.

A jumper wire is required to connect
the grounding wire at the lighting -
outlet box only if,the circuit
continues to another outlet. If the
outlet is at the gnd-of thé circuit,
the bare wire connects dire&tly to the
grounding screw in the outlet box.

Make all reguired connections at each
outlet or switch before moving to
another.

Both of the above grounding situations
can be applied when the current from
the SEP enters at the switch box
(source). The bare grounding wire is
connected to the groundlng screy in the
switch box by a jumper wire. The ends.
of the bare wire frow) the cables are’
connected to the jumpgpr wire with a
wire nut.

At the outlet box for the light, the
bare grounding wire is¢connected
directly to the ground&hg screw on the
metal box. No jumper is required
because the circuit does not contlnue
beyond the llghtlng outlet.

Connecting single-pole switches is
., discussed as follows:

1)* Connecting 51ngle-pole switch w1th
switch source .

Slﬁgle—pole switches control lighté
from one position. The lever is
marked "off" and "on." .

. a) Canect the black‘wire‘froﬁ the
source cable to one termlnal on
- . —thé&’ switch,

,*

b) . COnnect the black wire from the Vv:")uj
" outgoing cable to ‘the other ’
switch termlnal.- T “

323 .




¢) Connect the white 138
neutral wire from each ecable
with a wire nut,

Note that the white neutral -
wire does not connect to the

switch. Neutral wires do not

connect to switches.

d) Connect the bare .grounding
wire. . - ’
Connect the jumper wire to the
screw in the switch box. Place
the:ends of the bare wire from
each cablé together with the
jumper wire and fasten with a
wire nut.

e) Connections made in the outlet
box are as follows:

{1)- Connect the grounding wire
to the grounding screw in
the outlet box.

(2) Conﬁect cable wires to
fixture tgrminals.

Connect black wire to
brass and white wire to ‘
silver terminal. ' : ,b'

~ 2) One single-pole switch to one light N
' . outlet. Assume the source cable is . -
' to enter the lighting outlet box
first, proceed as follows: S
(Transparency IV-2-M)

a) Connect wiring at’ the light
outlet. ,

(1) Connect white wire from
the switch to black wire
from source cable.

Remember that an exception -

was noted in the first .

discussion of Code re- T

quirements regarding the v
AV white wire in a cable. o

< \ ' The exception is as Bhown

324
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(2)

(3)

(4)

in a switch. loop, 139
sometimes car1e5 a switch
leg.. A switch loop is
required when the power
source enters the lighting
outlet box first.

The Code permits connecting
the white wire in"a cable
to a switch, provided it is

used for the supply. to the
switch but not as a return
conductor from the switch
t0 the switched outlet.

In this instance and all .

others -where permltted, the,

white wire is used as if it

were a black wire. The
reason- it is permitted is
that two-wire cable is made
only with one black and one
white wire, not two black
wires. This white wire is
considered an unldentlfled
or "hot” wire.

Connect black wire from
switch to brass terminal
on the fixture.

Cohnect white wire from
source to silver termlnal
on flxture. .

Connect bare groundlng
wires.

Conneéct plgtail groundlnq
‘wire to ground screw in -
switch bdx., Corinect wire
ends -fron plgtall wire,:

_sourcé cable, an switch
box cable wis re nut.

b). Connect wir;ng at the SW1tch.

R ¢ 3

(2)

Connect the Plack wire £o
one switch terygpal. ’

Connect -the white wire t6
- the other gwitch .terminals. -




(3) Connect bare ground- 140
ing wire to box grounding
screw. .

Connecting switched duplex receptacles

Switched duplex receptacles are often
installed in living areas of the home.
Table lamps supplying part or all of
the lighting are more convenient to use
if connected to a switched receptacle
that can be turned on when entering a
room. The switch may control both
_outlets on the receptacle or only one.

.To connect the switch to both halves of
a duplex receptacle outlet, proceed as .
follows: - (Transparency IV-2-M)

1) Connect wiring at the receptacle.

Connect black wire from switch to
either brass terminal. . Connect
white wire' from switch to black
wire from source cable. Connect
white wire from source cable to
silver terminal on receptacle.

Connect cable going to next
receptacle.

Connect black wire to brass
terminal and whlte wire to silver

terminal.
Connect grounding wires. ;

Connect grounding wires as ‘in
previous sections.

‘Connect wiring at the switch.

Connecﬁlthe black wire to one
terminal and white wire to the
other termlnal

It is often desirable to-have one half
of the receptacle controlled by a
switch and the other half remaln
constantly hot. \

t
i
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Proceed as follows: - 141

1) Remove connecting tab between two
brass terminals of the receptacle.

Use sc;ewdrlver or pllers to rembve

tab. The outlets are no longer
electrically conhected on the hot
side after the tab is removed.

. (Transparengy IV-2-J} '

2) Connect wiring at receptacle

Procedures are the same as for a
31ngle circuit except for one black
jumper wire to a brass terminal.
Connect black source wire to a
black jumper and white wire from
switch. Connect black jumper to
lower brass terminal. The jumper
wire makes the lower outlet
constantly hot (not controlled by
switch). Connect the black wire
from switch to the top brass -
terminal. This outlet is con-
trolled by the switch. Connect
source white wire to silver
terminal.

3) Connect wiring-at the switch.

Connect black wire to one terminal
and white wire to other terminal,
Connect grounding w1re to groundlng
screw in box.

4) Connect grounding. W1res as- in
previous sections. -

<

Cbnnecting'three-way'switches T ‘Mﬂ

Three-way switches make it possible to
switch 1lght1ng fixtures on or off from
either of two locations. Why nét three

. locations if they are three<way

switches? The three-way description,
refers to the number of terminals on

the switch, not the number of .

locations. Three-way’ sw1tches ‘have
three - +terminals instedd of two,-as on-
single-pole switches. With three-way

. switches, it is convenient to turn

llghts on or off w;thout retracxng




" On a three-way switch, one of t

{ in the beginning;
" rules for wiring that will simplify the

s i \
\¥teps. Thq light may be tu ne ' 142
on at the sW1tch near door “A"| and

turned off'at the switch near foor| *B."

Thxee-way sw1tches are also useful| in -
long halls, stairways, and b een| the
house and garage. “

‘ Three-way switches are used o 1y n.

airs.” "The toggle (handléffghxf
three-way switch is not mark

"on-off" position. Either up or down
positgon may switch the llght on or
off, depending on the position @f the
toggle on the other switch. -

three
terminals is a common or pivot
terminal. A person must identify the
common terminal to wire the switch
correctly. The common terminal may be
a dlfferént color from the other two,
usually darker. But on some switches
the word "common" is printed next to
the common terminal, and it is often
alone or on one side, but locatio
varies with manufacturers. The c rton.
or packing sllp will indicate .its
location on; the witch if not otherwise
identified. \ - . ‘

There are several'p0331ble comb1n4tionsL_

of lights and switches in three-way |
switch wiring. As with single-pole
switches, connections are different 5
depending on khere the pawer source
enters the 01§:u1t. Also, the po ition

of the .light fiixture\in relation- to the
switches affec iring proc?duresr
The power sour&e of the- three-way |
“switch circuits is two-wire cable (14-%
w/g or 12-2 w/g). For wiring-between
the switches, three-wire cable must be
utilized. (Transparency JIV-2-N)

s-the

~ Rules for wiringéevery‘three—way switch

Wiring procedures for three-way switch
circuits can be qufusing, especially
however, there are

wiring proceduresi¥ carefully ob-
served. For every three-way switch
01rcu1t, the ‘rules are as followsz

-

-
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~COnnect white wire from
~ source to silver terminal on the
light fixture,

® - \-\_v“.‘

It will be spliced on some circuits.—
but not COnnected at any other
point. . —

Connect black wire from source to
common terminal of either switech,,

Connect black wire’from brass
terminal on light fixture to common
terminal of the other switch.

These_three steps complete the
connection to the common terminals
on each switch and to both
terminals on the light fixture.

To cemplete the circuit, connect
the two remaining wires.

These are called switching wires,
or traveler wires. " Switching wires
connect ¥rom the: two lighter
coloréd terminals of-one switch
direct to the two lighter c¢olored

- terminals of the othér switch. )
They'connect tOJnothlng elSe“

The tw° terminals for the swltchlng
(traveéler) wire connections-are ‘
“usually a lighter -color than the
common’ terminal. ".For thisg ~
discussion, they are—referred to as
11ght-colored terminals.

Connect the .two light-colored
terminals on ohe switch to the two
light-colored terminals .on the

) other switch. . ,

Wiring three-way swltches W1th lightingV~
outlet ahead of switches using 11ght .
outlet soiirce. (Transparency IV-2-0)
Wiring from the source to the first ,;f
. switch box on the circuit is 14<2 w/g -
or 12-2 w/g cable. Three—wlre w/g . ..
cable is used between the switches.
.Insulation onwires in three-wire
cdbles is usually black, white, and
, red.. Prpceed as folloWs- ‘ o




; s - a)

3

‘i\‘u

< ‘b)

)

4)

1a)

1) Connect wiring in lighting
outlet box. .

~2) Connect w1r1ng to sw1tch No. 1 and
T L 1b0x. * ' s DA ‘

b) .
" lighting outlet cable to common

c)

144

Connect white wire from the
source cable to silver terminal
on lighting fixture.

Connect black wire from common
terminal of switch No. 1 to
brass terminal on llght
fixture.

-
-
-

Connect black wire from source
to white wire from switch No.
1 . r s

This white wire is spllced as
‘switch box No. 1 to the white -
wire in the three-wire cable .
and continues to switch No. 2 ‘ Ly
common terminal. As in the . T
case of previous switched

circuits, the white wire .serves
as a hot. wire for the supply -
side of the switch circuit, and e
the Code does not require it to -
be identified (painted black). =

Connect grounding wires as in
previous sections. ’

Spllce wh;te wire from,llghtlng
outlet cable to white wire from
cable to second switch (used as
hot wire to switch No. 2).

Connect black wire from
terminal on switch No. 1.

Connect black wire'from three~
wire cable to a light-colored
terminal on switch No. .1l
(switching wire).

connect red wire from three- R
wire cable to other-light- e
colored terminal (switching

wire).




e) Connect grounding wires 145
and ground the switch box,

3) Connect wirlng to sw1tch No. 2 and-
bOX . - s

a) \Connect whité wire to common
i terminal of swztch No. 2.

- b} Connect black wire to a
light-colored. terminal of
switch No. 2.

Connect red wire fb a
light-colored terminal-of
switch No. 2.

d) Connect grounding wire.

- In order to wire three-way switches with
" lighting outlet between switches: using
switch source, (Transparency IV-2 -O)

proceed as follows: _

1) Connect wiring at switch No. 1
(source) .

a) Connect black wire from source
cable to common.term;nal of
switch.

b) Splice white wire from source
’ cable to white wire from B,
outgoing cable-to lighting

outlet box.

c) Connect black wire from
outgoing cable to light-colored
terminal on switch No. 1,

d) Connect red wire from outg01ng
cable to other light-colored
terminal on switch No. 1. -

e) Connect grounding wires, .

Connect wiring to llghting outlet ”
box. "

.

a) Connect whlte wire from switch
" No. 1 cable to silver termlnal
on llght fixture., .




b). Splice black wire from ~ 146
switch No. 1 cable to-white
wire from switch No. 2 cable.

S ) Splice together red. wires from =
each cable. > ) : - -

d) Connect black wire from switch
e No.”2 cable to brass- termlnal
" ‘ ) on llght fixture.

e) Connect groundlng wzres. . .—;
3) Connect wiring to switch No, 2. y

""a) Connect black w1re to ‘common
terminal.

" b) Connect red wire to
light-colored terminal.

c) Connect white wire to .other :
light-colored terminal.. . LTk

"d) Connect grounding wire.

To wire three-way -switches with.light at ,
end of run using a switch source ~ L
(Transparency IV-2-P), proceed as follows:

.1) Connect wiring in switch No. 1.
.o, . ¢ -~ - .
, : a) Connect black source wire to .

. ' common -terminal of switch No. 1
and white source wire to white’. .
wire in three-wire cable going:
to switch No. 2. Connect red

. and black wires (switching
’ ) 7 ‘ wires) from three-wire cable. to
‘ " light-colored terminals. :

l [

-

5) Connect - groundlng w1res.
2) Connect w1ring in sw1tch No. 2,
c T a) Connéct black wire from out- A . . .
' going cable to ‘switch No.2's s
. .common terminal. . : T

This wire also comnects’ to
brass terminal of fixture.

s L 0338

T 4 o ™~




Splice white wire to 147
- white wire. . M
Connect black- wite and .red wire

from switch No. 1 to switch No.
2's other two term;nals.

d)i'Connect groundlng wlres.l

Connect wiring to 11ght1ng fixture.~“’

a) ,Connect black wire to brass
terminal and white wire to
silver terminal.

b) Connect grounding wire to box.
Connecting four-way switches e

Four-way switches are uséﬁﬁonly in
combination with two three-way sw1tches
to control lighting from three-or more
locations. A circuit containing” two
three-way switches and one four-way
_switch gives control from three
locations (Transparency IV-2-P). By
adding four-way switches to the: '
circuit, any number of desired control
locations can be. achieved from the same
lighting outlet(s). Four-way switches
are so called because they have four

' terminals. Installation of foug-way -
.. switches is easier than the-three-way.
Use three-wire cable between all
switches and two-wire cable between the
light- and the first switch.

If thére ‘is. a need to control-a.light
. from three -locations, install 14-3 w/g
. cable between switches and 14-2.w/g
¢ cable between llghtlng outlet and flrst
_sw1tch. ) - 3

- Steps for connecting four-way and
three-way switches with source at the
1lighting outlet are as .follows:
(Transparency 1v-2-Q)

1) At the flxture, connect the black

© wire from switch No. 1 to ‘the brass
terminal on the fixture. Connect
the white wire from the source to
the silver termznal on the fixture.




Splice black wire,from . ‘ 148
source to white wire going ‘to the
Box at switch No. Qt

2) .At.the box for switch No. 1, splice oL
black wire from switch No. 2 to the s TR
white.wire going toward the fixture. -- L
- Connect 'white and red wires from ' ;
switch No. 2 to the light-colored A
terminals. Connect-black wire from . .. .
light fixture to common»termlnal on ‘ .
switch No.'l. . : T

3) At the box for switch No. 2, the .- ;
. ) T four-way sw1tch, splice together o
the b¥ack wires from incoming and ' -
outgoing cable. The black wire : '
does not connect to switch No. 2. - —~ | -
Connect the switching, wires, white :

wires from both cables, to -
 terminals on one side. Connect red

‘ wire from switch No. 3 to terminal
- ' opposite white wire from switch y/ .« o
‘ . ' No. 3. Connect second red wire to ‘
. rema1n1ng termlnal : e

4) At switch No, 3, connect the black: ) -
-wire to the common terminal, white Co 7
.wire to a light=-colored terminal,
and red wire to the other llght-
colored terminal.

5) Connect grounding wires at each. - ' '
box. . »

' f) _Connecting double-pole éwitches.

A 240-volt circuit has two hot wires.
The switch for a 240-volt-circuit must
be a double~pole type so both hot wires
will be broken when the switch is , )
o : : turned off. ’'Wire the switch and recep- ST
tacle connections as shown in Trans-
parency IV-2-Q. . Wrap white wires with
- black tape at each terminal to show,
they are hot'

C. Suggested Student Act1v1ties/
1. Asszgn students two to a group. - Have them

. . . work the following problems (diagram and ™ o
' draw schematic) on a wiring board' : S

%
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Draw the schematic and wiring . 149
diaggam for a ceiling light controlled
. by three switches -- one 4-way and two
3-way switches. The unswitched duplex
receptacle._ is to be hot at'all times.
Show cable run and connections to. the
disconnect switch. Source cable from
disconnect switch is to enter ceiling

outlet box. = \. ‘

Draw the schematic and wiring diggrams
for ‘a.ceiling light controlled by a
wall switch and one half of a
convenience outlet controlled by the
other wall .switch. The other half of
the convenience outlet stays hot all
the time. Show cable run and -
connections to fused disconnect switch.
Source cable (from disconnect switch)
is to enter ceiling outlet, box.

*~
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TOOLS USED IN REMOVING SHEATH AND INSULATION FROM THE CONDUCTORS -

. = . . RN
Iy - -
. 4 . . - 3
- . - —— L T = e LT e - N
- R ‘ T -~ -
. s — - -
L. ”

«

L " = = CABLE RIPPER — =~ - .
CABLE RLPPER USED TO-QREN THE SHEATH ON NQNMETALLEc

.

-

SHEATHED CABLE.,

- -’/, *
-~ - -~ - - - \
-~ - - B ]
. . .
- T . ~
— I - e
- N S
. - z
s — - . - - ~ o~
e - pe = o~ e
RS S “ - -
B . - .-,_’/

WIRE STRIPPER *

' TO' REMOVE INSULATION WITH A KNIFE, TO REMOVE INSULATION WITH A
START-THE CUT AT ANGLE TO PREVE&T ' WIRE STRIPPER, MATCH STRIPPER

A NICK IN THE WIRE, _ - NOTCH To WIRE SIZE, INSERT THE .
' WIRE, SQUEEZE THE HANDLE AND . °

Transparency 1V-2-A 3535 STRIP THE INSULATION OFF THE WIRE:

ERIC L . L
PR A v 7ex: Provided by ERIC . .l . N , .
. : s . .. R K




_ THE AMOUNT OF- INSULATION TO REMOVE DEPENDS
ON SIZE OF WIRE AND WIRE NUT.

CRIMPED CONNECTOR

-~

* A CRIMP-CONNECTOR SPICE.: ATTACHING A WIRE NUT

4 (sOLDERLESS' CONNECTOR),
. TRANSPARE

Moy IV-2-B . T

&




e
r

_ SPLIT-BOLT
" CONNECTOR

SOLDERING FRON ;
SOLDERING. A SPLICE. HEAT WIRES WITH
'SOLDERING IRON UNDERNEATH TO MELT _
SOLDER. ' ‘




- - m»A,»\,l‘ ~
ST ; . -
R . e 3

GROUNDING_ THE SYSTER

/ . L L .
) CONNECT WHITE

~~JSERVICE ENTRANCE \ WIRES SECURELY
S0| _|NEUTRALWIRE - - RN
—T7|ob| COPPER - :
GROUNDING WIRES ;
4 :
Bt— WHITE
Sb| | . |NEUTRAL WIRES
Sp| | .
@Bl GROUNDED -
©p| |NEUTRAL BAR -
d@ GROUNDING
ST |WIRE |
- THE \WWHITE NEUTRAL WIRE MUST-BE -

- MADE\ CONTINUOUS BY SPLICED :
, e ‘ . CONNECTIONS AT EACH BOX OR OUTLET
1 IN THE CIRCUIT. :

WHILE NEUTRAL WIRES MUST BE CONNECTED
- T0 GROUNDED NEUTRAL BAR IN THE SERVICE
|

PANEL FOR EACH CIRCUIT, ‘ \
I TN

e o |

} S g‘f_‘ _M/,NE!.‘JTRAL BAR - | \.
= iRE 0@ | OUTSIDE ‘
' GROUNDING
. o9 ;»gggfﬁome. T ELECTRODE

__ S+ wire
/ @ @ -

= s
] L, ) . .
y gt cRODIG
: '/ , Sk ° NEUTRAL BAR.:;
- [e Bl S
O |19 | L — o
cOLD WATER -
1 ® OUTLET/ PIPE ~
' \’,' e tH =

THE GROUNDING WIRE MUST BE CONNECTED " THE METAL WATER-PIPE GROUNDING ™
70 THE NEUTRAL BAR IN THE SEP. ‘ ELECTRODE SUPPLEMENTED BY " .
L , _ | ADDITITONAL ELECTRODE TO-‘CONFORM, .
. To-THE 19787 cobE. o To o

,’;y ‘"".'§  3 | }.ﬁ. K : ~ -
© .. Transparewey IV-2D . |
R I S ";1:3'”9_

T S T T Y




GROUNDING THE DUPLEX RECEPTACLE AND THE BOX
< f ﬁ

BARE °- _
GROUNDING - / ;
RE ,/ <

~—

.

CI]ES_. .
-

\ AN
NEL

-

O®o

JUMPER WIRES
(PIGTAILS)

ES AND A WIRE NUT SOLDERLESS CONNECTOR. ;
-\_\ ’t‘," ‘

A GROUNDING CLIP FASTENS THE JUMPER WIRE TO THE EDGE
OF THE BOX. © '

'
!

*

TranspARENCY 1V-2-E S
FE T 340 . v S *~




e

GROUNDING THE BOX ~ _ T

-

) METAL.-TO-METAL ) S
- CONTACT SR -

[oc)o

[ METAL-TO-METAL
! CONTACT .

f . .
/ . Y

. SURFACE-MOUNTED BOXES HAVING METAL—TO’METAL CONTACT BETWEEN THE
RECEPTACLE AND BOX ARE CONSIDERED TO BE 'GROUNDED.

METAL BOX JUMPER
WIRE AND
GROUNDING
SCREW NOT

REQUIRED

»

; '”ﬁ\ ' .
RECEPTACLES WITH YOKES THAT ARE DESIGNED AND LISTED FOR THE PURPOSE‘

MAY BE . 1NSTALLED WITHOUT A GROUNDING. WIRE TO THE BOX.

TRANSPARENCY IV—Z—F

34«%

P .
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15AMPS, 20 AMPS, .
125 VOLTS . 125 VOLTS

" STANDARD GROUNDING DUPLEX
RECEPTACLES.’ ' |

260 VOLTS _|
3 \ )]

'l_125 VOLTS

GROUNQED.DURLEX RECEPTACLE RATED AT 15
o | AMPERES, 125 VOLTS IN UPPER OUTLET AND
| | 15 AMPERES, 250 VOLTS IN LOWER OUTLET,
T g NOTE THE ARRANGEMENTS OF OFEﬁINes, |

P S - PARALLELED FOR 125 VOLTS AND TANDEM.FOR

<

A"C‘!A.NSP}‘\RENCY wv-2-6 a Z?Q'\Y?Lrs'.‘_ 342
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4
3

| WAKING THE RIGHT COMNECTIONS -7,

> \

'~ SILVER TERMINAL ]

CONNECT ONE JUMPER WIRE TO THE BOX GROUNDING SQREW AND ONE TO THE RECEPTACLE

GROUNDING SCREW.

;_ GROUNDING WIRE FROM THE- CABLE AND. FASTEN TOGETHER WITH A WIRE NUT. .

,TERMINAL. o—e

o TARPRRERTTET 943
- ‘ ) “ ' t RN N P B "

AS THE SCREW Is TURN.

A\
an
[}
AN
[ )

GROUNDING /&

PLACE THE ENDS. OF THE JUMPER WIRES TOGETHER WITH THE

TRANSPARENCY IV-2-H

N — 6' _ Lz ) ;:
BRASS ©@J " siver . - - :
- TERMINAL . TERMINAL '
SCREWS Ceql 1« SCREWS
b 116l G | BRASS-COLORED TERMINALS FOR BLACK WIRE, -
R | PN LIVER-COLORED TERMINALS FOR WHITE.WIRES.
- = .. “. "< AND GREEN TERMINAL FOR GROUNDING WIRE,
t (o) ) (%) * GREEN = .
GROUNDING .
TERMINAL :
SCREW
BLACK WIR - v
7~ BRASS YERMINAL E e
',J:, ‘h i O®o -=
N 0 Lo )
& - -
. 1 ° _ CONNECT BLACK WIRES TO BRASS TERMINALS
4 N @ D)) ©  AND WHITE WIRES TO SILVER TERMINALS ON
o @] - .
Z, 5 \\ . THE RECEPTACLE., PLACE THE LOOP UNDER
. 4@ .
" WHITE Wwine 10 &~ S THE SCREW TERMINAL SO IT WILL TIGHTEN

: . R .
i L
e . - ‘~K(V !"




STEPS IN WIRING A DUPLEX RECEPTACLE

() [+)
\ 2 ! [y
- Q“- (I] m
. ' .
~ °
I'“' )
z—ﬂ Br
¥ / AR WIRES SLIGHTLY
TIGHTEN
. AN!RE.,NUI_ e e e e e FOLD‘ED
WHERE YOU HAVE TWO CABLES, ENTERING .FOLD WIRES ACCORDION STYLE TO #USH

THE BOX, PLACE THE ENDS OF THE TWO " THEM INTO THE BOX MORE EASILY.
CABLE GROUNDING WIRES TOGETHER WITH /

“ ENDS OF THE TWO JUMPER WIRES AND

FASTEN WITH A WIRE NUT,

MOUNTING ST e T : ,
SCREW o - Ll ‘ )
B 0| — R e |
- I | T A
* RECEPTACLE _ . _ .. =~ - -~ 7 . ~_ .
E'&EB , (STRAIGHT) - =~ SRR ;ﬂ)
e
Q
A4
as
0 MOUNTING S~
SCREW
" WIDE SLOT IN STRAP PERMITS ~~ ATTACH COVER PLATE AFTER ALL
ADJUSTMENT OF RECEPTACLE LEFT PLASTERING AND PAINTING IS
OR RIGHT AS REQUIRED FOR . COMPLETED, ~ -

CORRECT POSITION.

_, | | o 341 -
.‘ ’ B TRANS_PAR;N,CY rv-z-l o
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r

BACK-WIRED RECEPTACLES

PLASTER -
EARS

RS STRIP
' GAGE
SCREWS FOR B HOLES FOR.

SIDE WIRIN ‘l;\.“ '/ BACK WIRING
139 m,@;

E.—
‘

STRIP INSULATION AS REQUIRED AND INSERT WIRE INTO HOLES '
OF BACK-WIRED RECEPTACLE. '

.
Pyt bt

"~ ALLOWING FOR MORE THAN ONE CIRCUIT

PLIERS ' L -

BREAK-OFF
TAB

REMOVE THE CONNECTOR TAB TO WIRE THE DUPLEX RECEPTACLE . '
WITH A SEPARATE CIRCUIT ON UPPER ,AND LONER aJTLETS. ‘

PR . oy

‘. -TBANs'?ARENé"iji}’l-,’Zi-:J"" » 345




EXAMPLES OF COMBINATION SWITCHES.

. Rocker Switch
(DECORATOR STYLE)

. Rbt'; Dimm - : '
, - ry. er Time-Delay

w

L]
REY
e
*
,
2 v 'Y
» ’ )
. qu
N : i Ly b, -
< . ) . Y D

. - Transparency [V-2-K f '

e
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L TYPES-OF SWITCHES - ¢

»

Single-Pole . Three-Way . - Four-Way

@—0
()

» .

B
SINGLE-POLE, THREE-WAY AND FOUR-WAY SWiTCHES.,
L
) (2)
- )
|
- ® 9
[awn ] (2)
[o]
= ' 1 OUTLET BOX.
mi .
! \ . |
[o] P

®

. SINGLE-POLE
SWITCH .

e SOURCE -~ . .

- -
Ed L4
" .
4 v
.
.
. ‘ '

.. LS

SINGLE-POLE SWITCH AND LIGHTING OUTLET WITH SWITCH-SOURCE WIRING. .’

o ~ . "
! ! .84 -

s ~ P . PR
"
f s

. TRANSPARENCY IV=2-L

-




" SHITCH LOOP

WHERE" THE WHITE WIRE 1S INSTALLED ON
THE SUPPLY SIDE OF THE SWITCH LOOP,

IT ‘IS NOT NECESSARY TO IDENTIFY IT AS
A HOT WIRE. -

'

&

¢ ..
WIRING FOR. A SWITCHED-DUPLEX RECEPTACLE.,

e , TRANSPARENCY Iv-2-H

. v ‘.
$
I




T IDENTIFYING THREE-WAY SHITCHES

M )
[ ]
S
@A ' TOGGLE ' 3.
(HANDLE) : ,
e
Y —
THE TOGGLE ON A THREE-WAY SWITCH y
IS NOT MARKED TO INDICATE " ON~OFF "
~ Coon .
INAL
(USUALLY = LIGHTER
DARKER) - HCOLORED _._
’ ‘ TERMINALS

(
ONE TYPE OF ROMEX CABLE

. WHITE WIRE -

2

THE COMMON TERMINAL SCREW ON A THREE-WAY
SWITCH 1S USUALLY, BUT NOT ALWAYS, DARkER
THAN THE OTHER TWO TERMINALS.

&
[ 3

BLACK WIRE

-——RED WIRE

BARE
GROUNDING WIRE

. THREE-WIRE WITH GROUND -CABLE.

. - .

/ -3415

“TranspaRency 1V-2-N.




WIRING FOR THREE-WAY SWITCH WITH LiGHTING OUTLET SOURCE .  ° )

. '3-WIRE CABLE (5 @, 3-WIRE CABLE

COMMON
TERMINAL

©

" SWITCH NO 1 SWITCH NO. 2

FROM SOURCE

¢

WIRING FOR THREE-WAY SWITCHES WITH LIGHTING OUTLET BETWEEN SWITCHES

2-WIRE CABLE 3-WIRE CABLE

COMMON

COMMON
TERMINAL

TERMINAL

©=06

SWITCH NO 1 SWITCH NO. 2

350
| TRANSPARENCY [V-2-0

LA




WE?ING FOR THREE-WAY SWITCHES WITH LIGHT AT END OF RUN USING SHITCH: SOURCE

d - 9

t
3-WIRE CABLE 2-WIRE CABLE
¢
COMMON COMMON
TERMINAL TERMINAL ©

\ (®) (9)
(] 5)
] . .
=] EEI
Py

(o]
(o]
o )

SWITCH NO 2
SOURCE

A CIRCULT CONTAINING ONE FOUR-NA? SWITCH
AND TWO THREE-WAY. SHITCHES ALLOWS CONTROL
FROM THREE LOCATIONS. ’ ”

- TranspPAReNcY [V-2-P
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WIRING FOR FOUR-WAY SWITCH AND TWO THREE-WAY SWITCHES

2-WIRE CABLE 3-WIRE CABLE

}
. SOURCE

|9

®a®

' SWITCHNO 1

' COMMON

TERMINAL
~

®
[ewn } ()
) ° g
E 1/
) O ~
[o]
(aw] )
O O
DOUBLE POLE
SWITCH
\ 240 VOLT
| “souRcE
t

TrRANSPARENCY [V-2-Q

SWITCH BOX
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INSTRUCTIONAL AREA: Agricultural Mechanics

LY

INSTRUCTIONAL UNIT V: Woodworking (Sophomore)

L 4

A -

LESSON 1: DPower Tool Safety and Operation
N . ¢

Io

¢

Preparation for Instruction .

A.

Student Objectives

1. Terminal: Demonstrate safety and
operational procedures for power
woodworking tools:

2. Specific:

a. .State general power tool safety rules.

b. List safety rules for each power tool.

c. Identify and label parts of each power
tool.

d. Explain the purpose or use of each
power tool.

e. Describe the operation of each power
tool.

Review of Teaching Materials

1. Phipps,fL.S. Mechanics in Agridulture.
Danville, Il1l.T Interstate PublMshing,
1977. '

2, McCoy, V.L. and T.J. Wakeman. The Fa
Shop. New York: Mainllan Publishin
Company, 1960.

Special Arrangements
1. Collect pictures or posters of ac idents

resulting#from violating safety rules for
; power woodworking tools. . R

e

| 150




D.

-

s

2. Gather lumber samples that have been 151
cut br altered by different types of power
tools. .

3. Make sure enough lumber is‘availablé'ib
demonstrate the use of each tool. ‘. ,

4., ‘- Have all tools ready and operable for:
demonstration.

Materials required G e

N

1. Lumber -- The instructor will select the-
type to be used for each type of tool.

2. Pentils

II. Presentation of Lesson

"A.

Motivation

w ]
1. Showjpictures of accidents that have
happéned because of violation of power tool

safety rules. : "

2. Show |students projects or pictures of items
that ican be built by using the various
power{ woodworking tools. |

‘ i

3. TIllustrate the time and cost savings that

accrué by building or constructing things
with the knowledge of how to use power

tools |properly. oo




et e ST
e &

B.

Content Outllne

1.

i

General Power Tool Safety

Q.

b.

wear eye protection at all times.

Avoid wearing pants, shirts, or
overalls that are too long. These may
get ¢&dght in fast moving parts.

Remove neckties, rings, 'matches,
jewelry, and neck chains when working
with power tools.

Remove power plug or turn off power
supply to machine when changing
cutters, blades, or bits.

Use guards on power equipment.

j.
k.

1,

Keep fingers away from moving cuttlng
edges.

Make all adjustments to tools with
power off and machine at a dead stop.

Always use sharp tools.

Report strange noises and faulty
equipment to the instructor.

Select the propef tool for the job.
Always ground power tools properly.
!

Be sure switch is in "off" position™
before connecting the power plug.

Portable Power Saw

Q.

. b.

Purpose -- Used primarily for straight
cutting on lumber and plywood.

Nomenc¥ature -- (Transparency V-1-A)
1) ﬁotor

2) Fixed guard

3) Retréctab;e guard,ﬁ

4) Depth scale -

5) Angle scale,

c et .

355




153 -

4) Tilting shoe or baseplate
5) ~Blade
, .
: 6) Angle adjusting knob
¢ o ;
7)Y Tilt lock knob
8) Insulated trigger switch
9) Depth lock knob
‘c. Saféty -
1) Make sure blade teeth are sharp and
set correctly. .z
T o e i — e 23 Always—keep-guard-in-place and.
‘blade adjusted for \proper depth.
5) Make sure blade teeth are pointing :
in the direction of rotation. T
4) Keep hands clear of cutting line.
5) ﬁake all adjustments and blade
changes with the power discon-
nected.

- e 6) Do not stand in line with 'the cut.
Always stand to the side. The
blade can bind and kick the saw
back out of the cut. .

d. Operation !
1) Adjust blade depth. Only 1/8 inch’
of the blade should show below the
! stock. -
2) Place shoe on the stock with the -
- blade in lineé with the layout line.
- 3) Turn on power and allow saw to come
to full speed.
~ .
4) Guide the saw across the board
« firmly, adjusting speed‘of cut.
5) A crosscut and rip guide is . o

available to make cutting more
accurate. : <




6) Removing the blade , 154

a) Disconnect power..

the
and

"pressure. on a hex wrench
' direction of blade rotati
.remove nut collar and blade.

b) Remove arbor nut by applyoai
i

c) Reverse the _process to put
blade on.

3. Portable Electric Drill

-

c.

Purpose -- This tool is used for

._drllllng, borlng holes, and other. uses
when -accessories are added. ;

Nohenclature -- (Transparency V;lhB)”
1)* Hahdle |
2) Trigger switch

3) Gearea key chuck

v
4) Cord strain reliever

5) g

2
6) ° :
Safety

1) Be sure d;;kf’Is securely\clamped
in -the chuck.’

. 2) Make certain key has been removed.

.

. 3) Never drill through cloth

4) Always clamp small pleces. Never‘
. attempt to hold them with your
flngers when drllling. .

"

5) Use steady, even pressure when
: drilling.

6) Always have the. polnt of .the drill
-away -from the: person when laylng it
down. ,

[t
P . TR
. P




'-».: . d. Operation
1} ‘Use corréct bit or accessory.
2) Make_ sdie tool is sharp.
3) apply just-enough pressure to ke
" “the drlll cutting.
i 4) Hold tool at right-angles to the
: ‘ work when drilling a straight ho
. 5) Installing a bit.
a) Open drill chuck jaws wide
- enough to accept the bit.
b) Insert bit shank in chuck as
far as possible, then close
jaws by hand .
c) .Tlghten chuck w1th key wrenc
Insert in all three holes in
. * succession to avoid slippage
T " 4. Ssaber Saw

a. ' Purpose -- This saw is used for -

straight or irreqular cutting. It c
be used on metal, wood, plastlc, and
otherxmaterlals.

Nomenclature =~ (Transparency V-1-C)

1) Guide knob L

2) Blade screQ

3). Tilting base

A 4) Brushes

5) Trigger switch

. 6) Blade ' T

7) ) ~
8) |
Safety R

.

1) Select‘correct;blade.‘ Properly
gecliire ‘it in chuck. - ‘

"155
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2) ~Properly clamp materia 156
to be cut. - .

"3) Do not force the cut. . :l

. 4) Hold base down securely on the work - f
when cutting. '

5)° Allow saw to come to a dead stop )
before setting down. ' . o]

d. Operation

. 1) set base of tool on the work.
’ Start motor and allow saw to come
to full speed. Move saw along
slowly. This saw is held in one
hand while the other hand can hold .
. the work. .

2) Plunge or internal cutting can be
accomplished by marking out'the
area to be cut. Choose a spot
inside the waste stock. Tip the
saw forward with the shoe resting
on the surface of the material and
the top .of the blade clear of ‘the
work. Turn on the power. After

- reaching full speed, slowly lower .
’ _the-back of the saw until the blade
cuts through the material to the
L full depth. :

3) The saw will-also cut bevel .cuts
and curves for scroll work. :

5. Poréable Sander ~- (Traﬁéparency V~1=D)

a. Durpose -- The sander provides a means
- of smoothing a surface for finishing..

b. Nomenclature ° ST -
1) - Front handle . .
2) Belt : ‘
35 Belt striker: bar j-" el .'f€
.Il4) Belt‘tracking adjustment S

5) Trigger switch g ' L

6) D-handle -~ ™ : e s
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6.

R : 187
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9).
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c. Safety

1) Select correct grit for work belng
done.

2) Be sure belt is 1nstalled and
-~ tracklng properly. % .
"“ 3

3) Keep hands away from abra51Ve
surface. .

4) . Make-certain there are no nicks or
tears in the edge of a belt.

d. Operation

1) Hold machine with both hands. Turn

the machine on and lower the tool
to the surface. Do the sanding by

moving the tool back and forth and, "'~

t the same time, slowl®¥ from-one
side to the other.

2) Make sure the proper sized belt is
being used for the partlcular
sander.

3) To 1nstallfa belt, "make sure’the
arrow on the inside Of the belt
points in the same direction as the
arrow on the side of the sander.-

.. 7 This should be in the direction of
rotation. Adjust the tracking
- screw' to align the belt on the -
. pulleys. The belt should not be
& allowed to rub against the left . .
side of the machine.

Circular Table Saw

a. - Purpose -- This is versatilé enough to -

allow the worker to cut stock to size

I

and- cut a- variety of joints and bevels.

_, These six basic blades are the

crescent, hollow-ground, ripsaw,
combinatlon, easy-cut, and plywood.

-

:

®
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b. Nomenclature ~- ‘. 158 o
{Transparency V-1-E) : ﬁ
' -

1) Switch - -
PR 2) Saw tilt scale
3) Saw tilt handwheel )
4) saw raising handwheel ‘and lock knob
5) Sawdﬁst clean-out
B ' . 6) Miter gauge
‘ 7) Rip fenee
- : S 8) Slot for miter gauge .
" 9) Front graduated guidé bar
10) Fence clémp handle
11) Push button switch -
12) Fence micro-set knob

13)-

. c. Safety

1) Adjust saw blade so it protrudes
just enough above the stock to cut

Sl completely through. ‘ c T e

s ‘ . 2¥ " Keep Fingers away from saw blade at -
N - .- -all times during operation. » CE A
3) Never reach oVer a moving saw L i

Y ., R o Foen

~

v} s L e et

4). When crosscutting with a meter :
gauge, never use the rip fence for L

a stop unless a clearance block is ,’ .

. used. Preferably do not use meter ’ e
gauge and rip fence together. o '

blade. 1 . ’ - e ' '." -". : ,

-—

5). Always use a push stick to push
stock through that cannot be fed by
hand. R *

6) Do not stand directly behind the - ",;}
blade. . .'. , ) - L

4
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When ripping, place jointed 159
- edge "against the fence. ) )

Remove all scraps from'saw table
using brush or stick. Never use
.fingers. B =
Remove rings, watches, or other
_items that might catch in the saw.
Wear garments with short or tight
fitting sleeves.

Be certain rip fence is tight.

When a hélber assists, he should
not pull the stock, but just
support it.

12) Do not saw warped material on the
table saw. ' :

/

Iy

d. Operation

1) For crosscutting, use a hollow-
ground or combination blade.

~

2) Use miter gauge for all cross<z .
eutting and remove rip féﬁ&e.\

3) Push stock through saw blade‘
carefully, adjusting speed of cut.

4) To raise the blade to, the proper
position, hold the work against the
side of the blade and raise the
blade until it is. about 1/8" above
the stock. Ly T

5) To tilt the blade, locate the
handle on the. side of the machine.
A pointer and scale in front
indicate the degree of tilt. i
Adjust blade to desired angle and
readjust the blade height. N

6) The rip fence is used for ripping
boards the proper width. It is
usually placed to.the. right of the
blade..  To adjust the fence to the
propernﬁagziion;,hold;ahrule at

, right angles to the fence and
e measure the desired distance from




7)

l; a.

1)
2)
'3)
-~ 4)
©5)
6)
7)
8)
9)
10)

1)
2)

o 3)

T 4y
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7. Jointer

Purpoée -- The jointer is commonly used

for surfacing and edging boards. It

R can also be used for rabbets, bevels,
chamfers, or tapers.

b. Nomenclature -- (Transparency V-1-F)

‘Rear out-feed table

Guard

c. Safety: 'l, ‘ . o
Always keep jointer knives sharp.

' Make sure fence is tight.

the fence to one'blade tooth 160
bent toward the fence. Run a piece

of waste stock through to determine

if the measuremént.is correct.

Continue with good stock after the -
necessary adjustments are made. - A

Adjust the miter gauge by simply
setting it to the desired degree of. .
cut, right or left., .

Fence

Rabbeting edge . "
Rear table adjusting wheel
Depth of cut scale

Tilt scale o N
Fence control handle

Front in-feed table - .

Front table adjustlng hand wheel

-

Be sure guards are operating S :,§
properly and never remove them for L
operatxon. . <o

Kéep left hand back from front end
of board when feedinq.



5)

- \ 6)

w

8)
v 9.

10)

11)

12)-

- 13)

d. Operation

1)

- 2)

3)

4)

7)

-Always stand to the side of l6r
the jointer. :

Cut with the grain, never agalnst
it.

-

'Always use push stick or push - ' .
block. ‘ Lo

Do not use jointer for boards less
“than 12 1nches Iong.

Do riot use the JOlnter on the end
_grain oﬁ‘wood less than 12 inches
“wide. - - .

Do not run cracked boards or boards
with knots or nails” through,the _
jOlnter. -

allow machine to come to full speed
before cutting.

Make several shallow cuts rather >
than one deep-cut-. h

"Keep -table- free of. scraps and -
tools. - =

Check fence for squareness and
table for depth of cut. Make a

. trial cut-befbre making final cut:

Always ‘check the board for warp and
twist first. Put the. concave
surface down for the first cuts.
For a . .twist, balafce - it on the high
corners to take the first cuts. ; -

Hold
hand
push
with

board firmly with the left

and-put the right hand on the )
block. Apply equal pressure A
both hands. - s -
Move stock forygrd, keeping your
'left hand back 6f the cutterhead.
When the board is half to two-
thirds passed the cutterhead, ‘move,
the left hand to the board over the
outfeed table.

.
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5) For edge planing, hold stock 162
firmly against the infeed table and
£fence. . ’ :

6) * Rip the stock to width, allowing .
just enough ‘extra stock to joint
off the sawn edges.

|
.
:
: . 8.' Radial-ér@ Saw . : ~—\//)
. . a. Purpose —- It can be used for ripping, .
, dadoing, grooving, and various combin-
~ ation$ of these cuts® The advantage -
: h with this saw is that all cuts are -
‘ ‘ visible to the operator. . :
, 7 \ b. ‘Nom;anc-latu.re - (Transéarency V-1-G)
. 1) Rip scale n .
%) Rip lock
- 3) Column ‘
4) Yoke clamp handle
5) Space boards
6) Bevel scale
.%) Bevel clamp handle
.8) Bevel locating pin
9) Yoke |
* 10)‘ Dust spout .
S 11) Radial.arm

. 'w 12) Mi;er scale

. 13) Yoke locating pin -
14) Miter clamp handle
’ ' . 15) Elevating handle

16) Guide fence

*17) Anti-kickback fingers




Safety

1) Always keep safety guard and the.
anti-kickback device in position.
When crosscutting, the anti- _
kickback device shduld be about
1/8 inch above ‘the wofkpiece.

Hold stock firmly against the
fence. : ‘ '

For crosscutting, puli the saw into
the work..

Return saw -to rear of table after .
each cut. ' .

For ripping, make sure saw blade is
rotating upwards toward you.

Keep hands and fingers away.from
the path of the saw._ :

Regulate rate of cutting by holding
back the saw. If not, the saw will
feed faster than it ¢an cut, -
causing the motor to stall. . -

M

8) Do not pdf one piece of wood on top
of another to cut at the same time.

9) Never aftempt'to cut stock away
: from the fence.

Operation

1) For crosscutting, the radial arm
-~ should be at zero on the miter
scale and the blade at right angles
'to the table top. Adjust the blade
so that the teeth are 1/16 inch
below the.surface of the .work"
table. Adjust anti-kickback

365




9.

fingers 1/8 inch from stock 164

suré;ce; Hold stock firmly against

the®*fence and then tursn on the -
power. -Pull saw firmly but slowly
through the work and return saw
behind the guide fence.

2) For ripping, pull up on your
locating pin and rotate the yoke 90
degrees clockwise until blade is
parallel to fence. Move motor
along radial &rm until rip width is
shown on the /rip scale.: Adjust
anti-kickb :device to 1/8 inch
below work surface. Make sure the
saw blade is rotatifig upwards
‘toward you. Hold the work a ainst
the:guide fence and feed it into

- the blade. Never feed work from
the anti-kickback end.

Thickness Planer

a. Purpose -- This planer is used to
smooth rough lumber and reduce the
thickness of the wood.

b. Nomenclature -- (Transparency V-1-H)
1) Depth of cut gauge
2) Feed roll adjustments
3) Chip guard
4) Pressure bar adjustment -
5) Table bed and ﬁppef wedgél:
6) Lower wedge
7) Variable speed.feed-rollucoﬂtro}“w
8) Elevating handwheel’ ‘
9) - |

10

11) . o




1)

| 2)
S

fSafety . . 165

Do not plane boards 1ess than 12
inches long.

Never leave \achine‘s running,

Make sure wood is free from nails
or loose knots. .

Do not blane boards of different
thicknesses at the same time. The
thinner board may be kicked back

Do not try to remove shavings while
feeding wood through planer.

Make adjustments with the power
off.

Stand to the side of‘the infeed
table and out of 11ne with the
work.

Be careful with fﬁn gers and thumb

eces.” The
p short boards

in feeding short
rollers sometime

-up a little as th e go under, and

the fingers may be pinched between
the board and the table.

If a board stops . at the end of the
infeed table, do/not try to push it
with fingers. .. Jar it with a longer
plank or shut down and lower the
table.

Operation

1

Adjust table height by turning
elevating hand wheel. Vary the
amount of stock removed by looking
at the depth’' of cut gauge.

Do not cut 6ver 1/8 inch as a
single pass. .

-,

.Push stock into machine or. infeed

table. The machine will -take/ the
workpiece and the power feed
rollers will take the piece hrough
the machlne.




. 10. Band Saw ’ 166 .
. . i o
a. Purpose -- The band saw is used to- saw
curved or irregular shapes in wood.

Straight cuts can be made with a rip -

- fence or miter gauge. Curved cuts are
made freehand. )
b. Nomenclature -- (Transparency V-1-I).
1) Blade guard
2) Blade guide
3) Guide post
4) Blade support lock screw
5) Blade guide 1lock screw
) 6) Blade _ , '
7) Miter gauge groove
8) Ball bearing blade support
adjusting screw
9) Adjusting screw for blade guides
10) Table-clamp _
11) Upper and lower wheel guards
12) Ball bearing blade support
13) ,
3
,'/v"" * ' ‘ - ”
c. Saféty\ ‘ : - K L ,
1) Avoid backing the blade out of a -
cut. If it is absolutely
necessary, do so'with the saw
turned off. ‘ ' i
2) Use saw only when upper and lower
‘wheel guards are in place and '

-~ ’ qutened. ‘

3) The blade guard should be adjusted
~ to within % inch of the work.

SN <
{ - c
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4) Check blade tension and 167
’ alignment by turnlng wheels by
hand. -

5) Select proper width blade for tﬁe
. job.

6) Do not use cracked blades.or blades
without teeth. -

7)\ Feed stock into the saw slowly.

»

d. Operation

#

1) .Adjust blade tension and alignment.

2) Adjust table top to 90° or desired
angle between 45° and 90°.

-~

3) Stand directly behlnd the line of
cut and feed the material with the
right hand and guide it with the
left.

4) Keep top guide close to the
material.

5) By-pass sharp or square corners on
waste side of the stock and come
back after the first cut to saw out
these places.

-

6) Circtes, bevel cutflng, cross-
cutting, and ripping may be done-
with this saw. .

¢. Suggested Studentapctiviéiee‘

—

. ’,:ﬂle'°P€se out unlabeled pictures of power wood-
e warking tools to be' labeled by students.
" 2. students shduld practice and demonstrate

- proper use of each power tool,
#

o —
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PORTABLE POKER SAW NOMENCLATURE " - .° - )

INSULATED TRIGGER . (ﬁ
") SWITCH ‘ ,
DEPTH SCALE S
RETRACTABL DEPTH LOCK KNOB .~
GUARD .
SAW BLAD TILT LOCK KNOB® |
. . . ' ' h
TILTING BASE
. \ANGLE SCALE :
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’

O

Ya's

e

INSULATED
TRIGGER
SWITCH

P1STOL- GRIBY

HANDLE '
11/ .

‘

3’ CORD STRAIN RELIEVER

/ﬂ‘«

-~

[

-

L]

372 .

TrANSPARENCY V-1-B

. R ’
B A . -
. i i ) . ,
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RUSHES-

-

BLADE SCREW.

gl ~ BASE

BLADE

PDRTAB;LE:'SAB’E'R SAW NOMENCLATURE -
. o
ON-OFF SWITCH, | N A
/“_\
© - ~
R y
9 ;
GUIDE KNOB ' |

. p
i
4 P N
Transparency V-1-C.  3+73




BELT TRACKING
ADJUSTMENT

D-HANDLE’

[ 23
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 JOINTER ‘NOMENCLATURE
. . R ¢

3

K f
i

TRANSPARENCY V-1-F
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o . RADIAL ARM SAW NOMENCLATURE
ov - )
=R AR \ﬁ TRACK \-OCKING LEV’E
- gTOP
co wlCRO'SET
LUMN-\~—~‘_\\~. ‘ — ~ ppin TRACK
BLADE ‘ ‘ o
‘ GUARDS m\\ D : \'\AND\—E
} ) . . ) |
ADyys | ‘
T t
FENCE ' PLE_ A ‘ - s -
| —~ : — _TABLE

FRONT GUIDE
FENCE CONTROLS

o 4D CONTROL .

v ELEVATING
CRANK

."‘

.
. ! ”
L]

e

3

[ - Transparecy Vel-6- . 377 I




QO

BED ROLL
ADJUSTMENT
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INSTRUCTIONAL AREA: ~Agricultural Mechanics

%NSTRUCTIONAL UNIT V: Woodwork (Sophomore)

-

‘.
LESSON. 2: Projecﬁ Planning
1. Preparatidén for Instruction - ‘ T
* " A, Student Objectives ' ):

¥
1. Terminal: Plan a project to the p01nt of
beginning to build the object.

. 2., Specific:

a. List the eight~step procedure for
. planning a shop project.
- b. ‘List the items to be considered when
selecting a project.
c. State four reasons for drawing a
.working plan of the project.
. d. List three items to consider in
selecting materials for the project.
-e% Define a bill of materials.
7 ) -f. Name the items of 1nformatlon llsted on . S
a bill of materials. -
g. Define board feet. ° ‘
h. Calculate board feet. L

i. Explain the method for determining
lumber cost. *} ‘ s
j. Describe the method for pricing '
shingles.
“ k. Demonstrate the method for completlng a. L
- bill of materials.- -
lo " . C
-
' Ja. o .
n.

B. Review of sTeaching Materials ‘
1. Phiﬁgs, L.J. Mechanics in Agriculture.

i Danville, Ill.T Interstate Publishing, o
1977. .




- 2. McCoy, V.L. and T.J. Wakeman. The 169
. Farm Shop. - New York: MacMillan Publishing
Company, 1960. ' '

C. Special Arrangements ~

‘ 1. Collect plans that students have completed
" in previous years.,

2. Copy. the transparency of the form for the
project bill of materials. This will be
used by the students for exercises.

II. Presentation of Lesson

A. Motivation _

1. Give one student a plan and bill of
materials for a project. Give another
student nothing but a directive to build a

-project. The student getting nothing will
begin to ask such questions as:

What am I to build?-
What materials should I use?
How big should it be?
When do you want it?

» . -

Use this opportunity to explain the
necessity of planning, sketching, and
* computing a bill of materials.

2. Show plans and bills of materials m
previous classes.

(




‘/ n . . ® . ° - - .
, ’ B. Content ' : 170

o

- 1. Introduction

. .
-
4

Prior planning is essential for the suc-

; cessful completion of any project. Lack of’
, . planning results in ipdecision, poor work-
SR . manship, and less than a desirable product.
3/ o ' - THerefore, -prior to b ginning of any
/ g . project, a -sequentia process needs to be-
followed to include /the necessary steps £
decision making before construction starts.
This process includes the following stepy:

ne

a. Determine th¢ desired préfect.

r project to include ™

b. Draw plan
(See Unit II, Lesson 4/)

dimensions

c. Estimate/the time it will take for -
project/completion. Be certain/there
is enofigh time for the constru ion of
the project. : ' /~ ) s
~ SR ' /.
) ' §. Select appropriate materials/
. fastehérsﬂ hardware, etc.

A}

3 e. Determine cost of project
lating a bill of material "based upon. -
the drawing or sketch of he .project.

.

£. Obtain appropriate materials,
fasteners, hardware, e?é. )

g. Determine and obtain.nécessary tools
for project completion. '
' R [
h. Plan a sequence.of steps to follow in
order to avoid confusion and-unnec—--y
essary problems._ :

p

i. 'Begin the project.

3 » o 2. Determine desired project -- Several items
to be considered in selecting a project
, are: .

-~ -

. a. Personal choicéL;D‘A‘\"' ' .
S ‘ b. Usefulness of project,

c.' Need for the project,

~

ERIC S

7



d. Affordabllity, and

e, Personal sk111 level

ﬁraw a sketch or plan of the prOJéct (See
Unit II, Lesson 4) -~ It is important to
make a draw1ng of the project 'in order to:

a. See the basic size and shape of the
. project, .
N
b. Make necessary changes in the design of
the prOJect, . s

Determine the amount of materials
needed to build the project. This will.
also aid in calculatlng a bill of
materials used in estlmatlng prOJect
cost, and -

Plan and determine the dimensions from
which to construct the actual project.
This will minimize needless work and
errors. .

Estimate the time it will take for project
completion. Be certain there is enough
time for construction of the project.

Select appropriate materials, fasteners,
hardware, etc. -- At this point in the
planning procedure; one-must decide exactly
what kinds of materials to use when
constructing the project. This would
include choices such as: co

a. Wood or metal,

b. T-hinge or-flat hiﬂ%e,

"c. _Glue or nails,

d. Glue or screwvs,

e. Paint or stain, and

£. .Eine éandpaper or extra'fine sandpaﬁer. C

Selettion of these materials fs extremely . -

important. When selecting these materialsc
the followxng items should be consxdered: “




S

Project.
Economy

Permaﬁencyvand
strength

Use of project
‘Location of project
(interior or ex=— |
terlor)

Exyerlor finish for e.
the project

Material Used

Cost

Durability and

. longevity

Grade ‘and quiility

Weathering charac-

.teristics of materials

Aesthetlc nature of
materials

6. Determine cost by calculatlng a bill of

materials.

a. A bill of materials is a list of the
amount, -size, and kind of each item
needed for a partlcular job or project.

" A person must_

) A bill of materlal
Transparency V-2-3)

' Name of 1nd1V1dual,‘

Date started and completed,'

3) Name of the project,

4) Number of pieces,

5) Kind of material,

6). Name of each piece, N

7) Dimensions of each piece,

8) Number of board'feet,

9) Cost/unit, and

10) - Total cost.

™ -

c.. Unit of measure _in selling lumber°

1) The uq}t of measure in lnmber is a
board foot.




2) Lumber is generally priced 173 -
- on the basis of a 1,000 board feet. -
Some finish*lumber and molding is
priced by the running foot.

3) A board is the equivalent of a

piece of lumber one inch thick, 12 .
inches wide, and 12 inches long or

144 cubic inches.

4) To calculate the number of board
feet, multiply the thickness in
inches times the width ‘in inches
times the length in feet and divide
by 12. For example, a board 1 inch
thick, 6 inches wide and 16 feet
long equals 8 board feet.

1 inch X 6 inch x 16 feet = 8 board
32 feet

5) If there are several pieces of '
lumber the same size, calculate the
total board feet by multiplying the .- -

¢ number of pieces by the thickness
in inches times the length in feet
and divide ‘the product by 12.

_For example, 12 pieces 1 inch .
thick, 4 inches wide, and 12 feet
long would be figured as follows:

12 x 1 inch x 4 inches x 12 feet = 48 board

! d.

12 feet

6) A running foot refers to the foot
length of lumber regardless of
_thickness or width.

Determining cost of lumber:

1) Calculate the number of board feet,
multiply this number by the cost

per  thousand board feet, and point
off three places.. For example, the
value of three beams 6 inches by

8 inches by 20 feet long at $60.00

L]

~ per 1,000 board feet would be:

hes x 8 inches x 20 feet =.240 board

3 pieCes x 6 -inc

12 feet




. 240 board feet x $60.00/1000 board feet = $14.40.

174

2) Some items are not priced by the
board foot. Some are priced by the
running foot or by the sheet with
such items as plywood, sheetrock,
or molding. The prices for, these -
items should be calculated -
acctordingly,

3) Roofing shingles are sold by the
square. A sguare will cover 100
square feet of roof area. Cal-
culate the total number of square
feet of roof area and divide by 100
to determine the number of squares
of shingles needed. Multiply this
figure by the cost per square for
the total cost.

e. Method for writing dimensions:

1) A bill of materials should be
written so that it can be easily
understood. .

L
i

"2) Several items of information are
necessary on a bill of materials:
(Transparency V-2-A)

(a) Number of iteﬁs,

(b) Dimension, size,'we%ght, etc.;,
(c) Kind, quality, grade, or type,
(d) Cost per 1,000 board feet,

(e) Unit cost, . '

(f) Place of pd;chase, and

(9), Total‘cost.

{ aoor (] i3

3) One method to write the information
is shown on Transparency vV-2-B.

Secure appropriate materials, fasteners,
hardware, etc. .

Determine and obtain necessary tools for
project completlonJ -

5
.
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9.

10.

Suggested Student Activities

Use hand” tools or power tools. 175 .

Locate tools in shop and make arrange-
ments .for check out of tools.

c.. Make sure the instructor has determined
that the student can operate the tool
_or machine safely.

Plan a sequence of steps to follow to avoid
confusion and unnecessary problems.
-7

Begin the project.

.

Assign each student a bill of materials to
complete. Have students determine a’ total
cost estimate. This .problem will be given
at the discretion gf the instructor. :

The students are to draw a working plan of
a proposed project.

<

~ Students will compﬁﬁe a bill of materials

for the project that they will complete.
They may use the form attached.




T

A PROJECT BILL OF MATERIAL

\)‘( LI s

" - . TranspaReNCY V<2-A

NAME: PROJECT:
cLass DATE STARTED . _ FINISHED
. v 9
Items No. Dimension, Size Kind, Quality Unit Place of Total
Weight, etc. Grade or Type, Cost Purchase :
‘-
.
. 3
T . -
Y .
S A
- ¢ . ¢
¥
-~ 1
Sub ’ .
’ ) Total
Grand Total
Instnuctor Approval ‘ - _
Parent or Guardian Approval 3 8 5 . E |




t ' - b
. . ’
- M P
. . ‘ B ﬁ
- A PROJECT BILL OF MATERIAL \ . .
. * ;
"NAME : PROJECT: -
R P ’ A .
. ¢
CLASS * DATE STARTED o~ FINISHED -
Unit Place of Total
Cost Purchase

$ 2.00 Lumber Co. $ -6.00
@ $250.00/
1,000 bd. ft.

30.00 - 240.00
25 - £00.00 -
. - $346.00
*
Sub
Total

_ Instructor Approval

\ , Parent or Guardian Approval

\ k]
Items No. Dimension, Size Kind, Quality
. Weight, etc. ., Grade or Type
3 2"x4"x]2 f_a %2 Yeilow Pine ’
' ] L e .
: 8 4 ?B ' A/C Plywood
-400° h Cove Molding
: P .

Grand‘Totai

" TRANSPARENCY V-2-B
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t
@iNSTRUCTIONAL #REA : Agricultural Mechanics
. ' . . « . 4

INSTRUCTIONAL UNIT V: Woodworking (Sophomore)

.

;ESSON 3: Cutting Rafters
\ . ] .

. I. 'Prepara%?oﬁ for Instruction

A. Student Objectives

1. Terminal: . Layout and cut a common rafter.

~

2. Specific:

a. Define new terms.
! b. Explain how a rafter square is used in
* - cutting rafters.
c. Calculate the'pitch of a roof. -
d. Demonstrate the unit, length, and step-

7 . of f method of laying out a common
A : rafter. . ]
ve., State the importance of the cut of a-
. roof.
f. Demonstrate the procedure for rafter
ridge allowance and rafter overhang.
g. Demonstrate cuttjing a bird's mouth in a
v ‘ - common rafter. :
| <
N i.

B. Review of- Teaching Materials

1. Phipps, L.J. Mechanics in Agriculture.
: Danville, Ill.: Inﬁfrstate Publishing,

1977. )

2. Mc COy;_GlL.‘and T.J. Wakeman.. The Farm
" Shop. New York: MacMillan Publishing ©oe
Company, 1960.

C. Special Arrangements

.
Y

1. -Layout and cut a common rafter. Label the.
. parts of the rafter for purposes of identi--
fication. :

, . ~N 390,.'

[




1.

2.

3.

-~

1.

L4

D. Materials Required

II. Presen;ation of Lesson

P A. Motivation‘

‘0of the instruction on this lesson, conduct

-

¥

Secure an adequate amount of lumber 177
for practice in cutting rafters. , .

Obtain poster board for student activity. - °

Duplicate informatiom sheets and transpar-
encies for student use.

Proper tools

a. Framing square

b. Pencil

c. Handsaw : ] .

Lumber -- 2x4 pine :

Poster board

Discuss'the savings in money that can
accrue when people are able tosbuild their
own structures rather than hire:someone.

Show pictures of both poorly _,constructed
and well-constructed roof structures on _.
farm buildings. Compare the two. o
Emphasize the benefits of learning the \
proper method of rafter cutting.

Make a "rafter cutting" award. At the end. .

a rafter cutting contest. The individual
doing the best job will win this award. It,
can be presented at a chapter meeting or at
the annual FFA banquet.




*

B. Content

1. New,

- a.

- rafter is in proper positim‘é any

Outline ‘ . 178
Terms -=- Transparency V-3-A

Rafter -=< The sloping’ structural member
of the roof framework. This provides
support for the roofing and is usually
spaced 16 inches or 24 1nches apart._

Plate -- This is the base on wh1ch the

lower end of the rafter rests. The .
plake rests across the top of the

studding or wall.

Span --°The distance between the .
outside edge of the double plates. It
is measured at right ang%%s to the
ridge board. '

Run -~ One-half the span distance,

Unit of run -- This is equal to\12
inches or one foot. . ., )

Rise -- The vertical distancé from, the
top of the double plate to the upper
end of the measuring line.

Measuring line -- An-.imaginaxyy line
running lengthwise from the outside
wall to the ridge.

Unit rise -- This is the number of
inches that a roof rises for each foot
of run.

-

. /’
Pitch -- The angle that .the roof

surface makes with a horizontal plane.

This is also called the Slope. It is'

the ratio of rise to the span.
- & L v

Slope -- The inclihe of a roof. Slope

is the inches of vertical rise in

12 inches of horizontal run.

Plumb and level lines -- When the

lumb line.
he rafter

vertical line is called the
Any line that is level when

is in proper p051t10n is called the .
level line. .




v 3 -

1. Ridge board -~ This is the =179
horizontal piece that connects the
upper ends of thd rafters.

m. Rafter tail -- This is the portion of
the rafter that extends beyond the wall
of the building. -It forms the overhang
or eave. . —— oS-

n. Common rafter -- A rafter that extends
from the top plate to the ridge board
at 90° to both. .

Calculation of the'pitch of a roof - ,

a. The pitch is actually how much slope a
roof exhibits. It is the ratio of the—
rise to the sp;n_(Transparency V-3-B

b. Calculation: -

rise ~ rise
Pitch equals span or 2 x run
Example: - .

A roof having a rise of 6 feet and a
span of 24 feet would have a % pitch.

6 foot (rise) = % pitch
24 foot (span)

Common roof pitches are 1/4, 1/2, and
1/3. Transparerncy V-3-D

Transparency V-3-E -- The cut of roof
is determined from the calculation of
pitch. This may be referred to as "8
and 12" or "6 and .12." The first
number refers to the rise per foot of
run and the second number refers to the
unit of run which is always 12 inches.
The first number comes from the calcu-
lation of pitch. For example, if a
roof has % pitch, the cut of the roof
would be "6 and 12." These numbers are
then used on the framing square to
layout a rafter. The first number will

"be used on the tongue of the square

while the second number (12) will al-
ways be located on the body. As an ex-
ample, for a roof with a cut of "8 and
12," one would find 8 .inches on tHe.




Use

tongue-and 12 inches on the body 180
of the square in order to properly lay-
out a rafter with the step-off method.

of Rafter (Framing) Square

A raftér square is a large, steel square
consisting of a blade, or body, and a
tongue. The body is usually 24 inches
long and the tongue is 16 inches. \Y

The flat sides of the blade and tongue
are graduated in inches and fractions
of an inch.

The square contains tables and infor-
mation useful in simplifying many wooed-
working tasks.

The rafter square is used in both the
unit length and step-off method of
laying out rafters.

The run is scaled on the blade or body
of the square and the rise is scaled on
the -tongue.

Transparency V-3-F -- If the rafter is .
placed in a sloping position as it
would be on a roof, and the sguare is
placed so the blade is along the line
of the plate and the tongue is in line
with the ridge, a line can be drawn
along the blade and tongue that is
horizontal (plumb) and vertical
(level), respectively.

Transparency V=3-G -- The usual method
is to lay off 12 inches alowg the
blade, representing éne unit of run,
and the number of inches on the tongue
depends on the slope of the roof, such
as 6 inches when the pitch is %.

The top of the rafter or center line is
used as a work line. The square is
held as shown in Transparency V-3-G
with the figures for run and rise on
the work line. '

A

. Transparency {-3-G -- A line scribed
along the blade will be parallel to the
seat or horizontal cut, anqdaniinét

. - —
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scribed along the tongue will 181
be plumb when the rafter is in
position.

4. Laying out Common Rafters

a.

Transparency V-3-H -- The rafters are
the skeleton of the roof and must be
properly cut and fitted to support the
roof weight. The top of the rafter
rests against the ridge board and is
called a plumb cut. The bottom of the
rafter rests on the plate and is called
the seat cut.

For a plumb cut, align the unit run (12
inches) on the body of the square with
the edge of the rafter. The unit rise
on the tongue of the square, which
corresponds to the slope of the roof,
is aligned on the same edge of the
rafter. The plumb line is taken down
on the edge of the tongue. ' A level-
line or seat cut is made with the
square in the same posltlon except the
line is drawn along the body of the ,
framing square.

Transparency V-3-I == The theoretical

length of a common rafter is theé

shortest distance bétween the outer . t
edge of the plate and a point where the
measuring line of the rafter contacts

the rldge line or ridge board. This

length is computed along the measuring

. line considered to be in the center of

the rafter.

5. Methods of rafter layout

B

Unit length method (Transparenéy'QMB-J)

1) The unit length is the hypotenuse
of a right triangle with the unit
run (12 inches) .as the base and the
unit rise (riséf}n’inches per foot
of run) as the altitude. .

2) The un1t length table is formed on
: the side of the body of the framing
square. The inch markings along
the top of thé table represent unit
rise. The top line of the '




= table reads "Length Common 182
Rafters per Foot Run."

. . 3) For example, follow across the top
line to the figure under six (for a
‘ unit rise of 6 inches). Under that
* ' figure is the number 13.42. This
. is the unit length of a roof
triangle or rafter with a unit rise
of 6 inches and a unit run of 12
inches.

4) Find the total length of a rafter
- with a unit rise of 5 inches, a
span of 6 feet and a run of 3 feet.

5) The total length is determined by
multiplying the unit length times
the total run.

b. The Step-off Method -- Transparency V-3-K

»

1) Place square on the rafter with the
tongue on the plumb cut.

2) Step off the cut of the roof (Ex.
6 inches on tongue and 12 inches on
the body) on the rafter as many
- times as there are feet in the
total run.

] 3) Transparency V-3-L -- Many times
v the run will not come out in.even
\ feet. For example, the run might
be 3 feet 4 inches. The extra 4

\ inches is taken care of in the same . :
o manner as the full foot run. When
- N the square is placed in:the last
\\ full step position, place a plumb

line along the tongue of the

square. Move the blade of the

square over until’the 4 inch mark

\ lines up with the line just made.
Then line up blade and tongue on
the rafter just as if a full step

\? is to be made. The plumb line can .~

2 now. be made. This will give -this
rafter- the total 9 feet 4 inches
length. '
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6. Cutting the Common Rafter 183

K a. Rafter ridge board allowance --
3 Transparency V-3-M '

/ 1) :Theoretical length does not take
. : into account thickness of ridge
board or overhang. -

”

7 2) To allow for.ridge board, deduct
one~half the thickness of the ridge
board from the ridge end of the
rafter. If the ridge board is 1%
inches thick, oné-half of this
would be 3y4 inches. This amount
would be taken off'the theoretical

- length. ’
% .
b. Common rafter overhang -+ Transparency

V-3-N

1
”

1) The rafter overhang extends beyond

' . the wall of the structure to form
the eave. The overhanging part of
i . the rafter is called the tail. )

2) The length of the rafter tail may
be calculated just like a small
rafter. Any of the methods
previously mentioned to find rafter
. length can be used ‘to find tail
. length. For example, the run of .
: an overhang is 2 feet and the unit
i rise per foot of run off the roof
is 6 inches. Go to the rafter
table on the framing square and
find the length of'common rafter
with a.unit rise of 6 inches. That,
length is 13.42 inches. Multiply
the total number of runs (2) by the
unit length to find the length of
) . rafter tail.. Inches per unit of
- . run X units of run = rafter tail
¥ length s ’

'§f »

M

Example: 13.42 (inches per unit of
‘run) x 2 (units of run) = 26.84"

L ‘ In this case, the rafter tail
-0 ] length will be 26.84 inches or 26

. ‘ 27A<zdinches.

.'n,fkg;v




Bird's mouth ‘ ] 184

1) A rafter with an overhang hasgj
notch in it called a bird's mouth.
The bird's mouth allows the rafter
to sit level and plumb in the top
plate. N

Transparency V-3-0 -- The plumb cut
of the bird's mouth which contacts
the side of the ,plate is called the
heel cut. The level cut that

_ contacts the top of the plate is
called the seat cut. :

The size of the bird's mouth is
usually referred to as the depth of
heel. ’

To layout the bird's mouth, measure
off the depth of heel on the heel -
plumb line, set the square, and
draw the seat line along- the blade.
The depth o% the heel is no more
than half the thicknesg of the
rafter. o

Rafter pattern -- (Tranéparency v-3~P)

1) After carefully laying out and
cutting a rafter, use it as a
pattern for cutting a second
rafter.

Try the two rafters with the ridge
board, or material of the same
size, to see how the heel cut an
top cut fit. 0 o

3) If the fit is good, use one of
these rafters as a pattern to cut
out all others needed.

C. Suggested Student Activities

1.

2.

Develop groblems to calculate roof pitch
that will be given to each student.

Tape éoster board together to an eight foot
length. Allow each student.to draw a 2" x -
4" and cut it out of the-poster board, The -

“students will practice "laying out a common

rafter on this.until they are ready to cut
out a raftetr on actual 2" x 4" lumber.

\
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|

Provide each student with a 2" x 4" 185
that is 8 feet long. Allow the class to
layout and cut a rafter per the

- instructor's directions. This will be for

a grade..

7 Lo . R
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‘ ROOF NOMENCLATURE
o ] Ridge Board }
'12°% @ne Urit of Run " C - >
8" Rise Rafter, Common
Per Ft, N
- or Run Measuring Line
\9§
| J e . Run _i ' ) -
IQverhanq C Span T
or ' : '
Tail q/
Q Transparency V-3-A 400




ROOF PITCH

N Rise in fnches

(Variable)

i> .

Total Run -

| Unit of .
Run (12)
Unit of Span (24)

Transparency V-3-B




METHODS OF EXPRESSING PITCH

- ou" Rise-Per 12" RuUD

1 Pitc
3/1 Pitc . 18" Rise Per 12" Run
5/8 Pitc ]
1/2 Pitc 15" Rise Per 12" Run
5/12 Pitc

12" Rise Per 12" Run

143 Pitc '

I'” Rise Per 12" Run

174 Pitch &’

8" Rise Per 12" -Run

1/6 Pitcl O
VR

N S N N e

““‘ 6" Rise Per 12" Run

A
' - 4” Rise Per 12" Run -
< ‘ ‘ - .
: Plate

NMEA T LI L] -/

12" Ron — ] ~—

- ‘ , 24" Span '
402

" “Transparency V-3-C
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" ROOF PITCH

- I
1/2 Pitch E
i
! 12’ Rise
/
L 12" Run

24’ Span _ &

A Roof With a 1/2 Pitch, or 12” Rise Per Foot

12°

1/3 Pitch

12! Run

24' Span

A Roof With a 1/3 Pitch, or 8” Rise Per Foot,
Transparency V-3-D

403




- - _THECUT OF AROOF  * o <\

[4

THESE NUMBERS ARE THE
#RISE IN INCHES* AND WITH.
12 GIVE THE CUT OF THE RO(&

1/2 Pitch-

. /3. Pitch- - ¥TsS
1/4 Pitch- lola .
" 1/6 Pitch- i |
- ‘ ) -—N
- 1/12 Pitch- oo © .
, " ol -
L 4
B , ‘
“" Unit of Run (129

L Unit of Span<(2d")

. J

J ;
i o ¢ Transparency V-3-E o
ERIC L 404 -

U S L t 4




}
-
\ NN
. /) Plumb Line
N I /
. Rise In '
| InchesN{, ' _ Level Line or
, ' < / Seat’ Cut
n . / ,
) 12"
| e “Unit of Run. -
- Plumb # .
) \
,EKTC - - Transparency V-3-F 405




rd

R

Transparency V-3-6

»

.
-
-
. “
“
o
-~ .
(LT
.
’
o 2

L4
R
»
.
Vs
.
-
.
-
-
v s
B
R
oy
PR
55
P
" i
T .
)
-
: casl
‘. 2
, ¢
.omd
s
'/";
P
,"‘



. RAFTER SKELETON




ACTUﬁL.ggD THEORETICAL RAFTER LENGTH

. Ridge Plumb Line

N
-
i

Ridge Boord

Measuring Line

Projection A
Heel Plumb Line -
Tail Plumb Line _

108 -

- Transparericy V-3-I

-




UNIT LENGTH METHOD OF RAFTER LAYOUT

Unit Rise N !
" ° , ’/ (" R
(6 ) - ‘/ 90

4

R o — - _‘ '
A C
Unit Run (12”) ~Unit Run 122§

U
R
Unit Rise 5"} -
L unit Run—J
4
12" - - 12 . : 12" '_____,
3 0" Run. _
6’ 0" 'Sban ) e i

Transparency V-3-J

LN

- 4939




STEP-OFF METHOD Bf RAFTER LAYOUT

Full Lenhgth of Rafter

Includes Overhang, Less

.» Half of Ridge Board
. Thickness.

‘Tail
Cut

. Ridge Board

Cut—

_ Level ;29/

Run

. Run of
- Overhang or
Projection

-
Un
Unit
,Run
Transparency»v-Brk

- 4i0

S Plimb \Cut

it Rise




RAFTER LAYOUT FOR UNEVEN RUN

/ oo ST V2NN M DY R
. - 40" Run _ SRR
- . R ,, "= " Theoretical Ridge Plumb Line__~

: S L Heel Plumb Line o

.~
.

Transparency V-3-L°




Half Thickness
of Rldqg Board

5

>

or




r~

UNIT LENGTH METHOD OF DETERMINING RAFTER TAIL LENGTH :

Unit Rise

| . 8”

O —

12”

P - Run of Overhang |

——— i —

“Unit Run
24"

127 .

Transparency V-3-N . - ... " .
SN 415 |
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CUTTING THE BIRD’'S MOUTH

/N

~ ~ -
/ DN

/
N \\ |
Bird’'s Mouth \\lf
N - N /:

L/
N
N .
Y

Tall

o, ,' ' . ’ 4_}_8




Bird’s Mouth

___Tail Cut

417

Transparency V-3=P~-




Instructional Area:

a.
‘ - b.
c.

a.
e.

£,
) g.
T e "

h~

* Instructional Unit VI: Small Engines
Lesson 1: Maintenance, Operation, and Servicing

I. Preparation for Instruction
A. Student Objectives

1. Terminal: Describe the proper procedures
to follow in maintaining, operating, and
. servicing small engines. | ,}

‘ 2. Specific:

‘Listr four major causes that will ;

- Discuss why it is important to use, the

should be checked before operatlonu

Agricultural Mechanics

a

List 10 machines:.and/or pieces of
equipment pewered by small engines. ¢ .
Describe the two major differences™in - :
small engi

List the three basic positions of the
crankshaft in small englnes. -

Define a."stroke."

List and describe the four strokes of a
4-stroke small engine. .
List and describe the two strokes of a :
2-cycle small engine.

Compare a 4-(stroke) cycle and a

2~ (stroke) cycle small engine. °

shorten the life of small engines.;
Describe the type of.ahformatlon to be
found on a small engine's nameplate.

proper tools on a small englne. . 4
Explaln why "racing" or "gunning" the
engine is detrimental. '

Give the maximum ft/min a small engine,.. ,
should operate.

Explain why it is unsafe to Operate a
small engine in a building...

Describe the first step to follow ;f g
the small, engine is not running . o E
properly. Ve
List the parts.on a small engine that

.
)

¥ .’_‘

4 P . o .
. P A
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Explain how to determine if a 187
small engine is a two or four cycle by
the compression method. .
Explain why cleaning a small engine is
so important.

List the steps to follow in cleaning a
small engine. -

List the three types  of air cleaners
found on -small engines. - -

Review Teaching Material

1.

Turner, J. Howard. Small Engines -
Care-Operation~Maintenance and -Repair.
Athens, Georgia: American Association for
Vocational Instructional Materials, 1978.

Special Arrangements , .

1.

Have models available of a 4-stroke and a
2-cycle engine.

$

Materials Reqﬁired

-3
1.

Overhead projector and screen..

Presentation of Lesson

A. Motivation

1.

This lesson on small engines is very
important to everyone because small engines
are found on the job’ almost everywhere. It
is estimated .that there are over 70,000,000
small endines in use, in the U.S.

In spite of the popularity of small
engines, they are often critized. This is .
frequently due to the lack of understanding
of how the small engine works. Most
criticisms of small engines are unfounded.
The troubles engines give are generally due
to lack of proper service, operation,
maintenance, or repair.

Upon learning how the small engiﬁe works |
and the servicing procedures, an individual
will enjoy a sense of pride and satis-

faction in owning and operating it.

.
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B. Content Gutline " o 188

Annual production . in the United States of one
manufacturer. of single-cylinder air-céoled
engines is approximately 12,000 units. Mass
production, 'coupled with-'advanced engineering,
has helped to provide these useful engines at
prices nearly everyone -can afford. '

Small engines are easily adapted‘ko many small

jobs becayse they are: - ’
?

“Compact, .

Lightweight, :

- Basy to service and repair,

Air-cooled, and ‘

Self-contained.

gome of the machihes, or eguipment, powered by
small engines are listed below. .

Post-hole diggers SR Sump pumps - .
Irrigation pumps ' Go-Karts
Chain saws . Mini-bikes
Small tractors B Ice augers
Conveyors : Sprayers
Motorcycles . Small feed
o grinders
Snow blowers Elevators
Rotary tillers Generators
Refrigerators .Snow vehicles
Bush cutters - ) ~ Concrete
vibrators
Mowers ) Concrete
_ surfacers
Lawn mowers ' Earth drills
Outboard motors " Tillers
Power bicycles Golf carts

Air compressors (Transparency VI-1-3)
Distinguishing Features of Small Engines

To meet the requirements for different types of
equipment, small engines are made. with many
different features and in many different = 77
designs. . . B '

Aside from differences ih size. (horsepower) of

small engines, most ‘Oof the- Variations are in’
the.accessories such as different. types of
. gtarters, carburetors, and ignition systems.. .. ..
Cylinder blocks are made from aluminum or
magnésium alloys or from cast irom.
. . : .

x
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A major difference in the two most 189
common types of small engines is in the number
of strokes per cycle. This difference is
explained under the heading of "How Small

-r Gasoline Engines Work." -

Most of the features may not be quickly ,
recognized, even for someone who has experience
with small engines. -

There is one distinguishing feature, however,
that is easily seen on most engines: the
. - operating position of:the crankshaft.- There -
- - " . . are three basic operating positions:
N t e

1. Vertical,
2. Horizontal, and
3. Multi-position. w ey

All crankshafts operate at a right angle to the -
cylinder. The selection of a vertical, a R
horizontal or a multl-posltlon crankshaft o
engine, however, is determined by its adapt-- S
ablllty ‘to the equipment on which 1t is used.

A vertlcaI crankshaft engine has its cylinder

in a horizontal positions__The-vertical =~ - ~- -
crankshaft is well adapted to mounting ‘4 mower _
blade directly to the shaft. If a horizontal. S
crankshaft engine had been used, some type of . .. r
right~angle drive would have been-necessary-to —-—
align ‘the. crankshaft,wmth the mower-blade. -

A horizontal crankshaft engine may have: its ’
cylinder in a-vertical, a horizontal, or an e
intermediate position. The horizontal L
crankshaft engine is well adapted to supply -
power. to a horizontal transmission shaft. Such ”

engines are often used on small tractors.

A multi-position crankshaft engine Wlll operate

in any position. Of course the piston is

always at a right angle to the posltlon of the

crankshaft. This type of engine .is used on R
- chain saws .and in other applicatibons where the “

position of operatlon may be at extreme angles,

or even inverted (upside down). "How this is

possible is explalned under the heading of

"COmparlng,Am(Stroke)—Cycle and 2-(Stroke) -

Cycle Englnes. .

S
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The.crankshaft position may be the 190
first clue as to the design features of an
engine, ’

3. How Small Gasoline Engines Work~

.The small air-cooled gasoline engine is an g
internal-combustion engine. -All gasoline

’ englnes dre known as internal-combustion
engines because energy for driving.the
crankshaft is generated within the engine
itself. This is accomplished by a fuel-and-air
mixture igniting within a confined chamber
(cylinder), expanding because of heat, and . .
forcing a piston to move. The piston is con- ‘ -
nected to a crankshaft which changes the linear - :
(straight-line) motion of the plston to rotary
motion.

To make an engine run continuously; however,

more has to happen than was previously de-
scribed. In fact, with the types of internal -

. combustion engines discussed in this lesson,
four principal events must take place.

a. Intake, or suction of “the fuel-air mixture
into the cylinder (Transparency VI-1-B),

b Compression of the fuel-air mixture,

c. Power: 1gn1tlon and - expansion of the
heated fuel-air mlxture, and
d. Exhaust of burned gases. (Transparency
VI-1-B) . o
The completlon of this serles of eventg:is
called a "cycle.” When the first cycle is
completed, the second cycle starts, the third
follows, and so on as long as thetenglne is kept
running. | . ) ‘ - o
Y i : *
The full travel of the piston in one direction
N (either toward or away from the crankshaft) is.
called a strokeﬁ“

Some small engines are designed to complete a , PRRRRY
cycle duriqg one revolution of the cranKshaft . e
(two strokes 'of the piston). Others réquire - IR
two revolutions of the crankshaft (four strokes . K
of the plston) Thus. the pames are as follows:' = .

Two-stroke cycle. engxne, and




Four-stroke cycle engine . 191 .

Since the 4-stroke cycle engine is easier to
understand, it is discussed first.

4. Here is how a 4-stroke cycle-engine works.

Ae.

' STROKE 2: Compressign--As the piston

. .
: :
L . ,
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STROKE 1: Intake--As the piston moves
downward, away from the cylinder head:

The intake valve is located in the cylinder
block hext to the carburetor. It is kept
closed by a strong spring and is-opened at

" the proper time by means of a‘push rod B E

which is driven by a cam. The cam is

" located on the camshaft which is geared to

the crankshaft, or the cam may be on the
crankshaft.

A carburetor meters the gasoline and
regulates the flow of air going into the
cylinder through the intake valve. It is
in the carburetor that air is mixed with.
the gasoline€ vapor. .- :

completes its downward stroke and moves
upwards : .

The intake valve closes, and the exhaust
valve remains closed.

The fuel-air mixture is compresse& to i
approximately 1/6 of thé volume it had at -
atmospheric pressure. The amount of N 3
‘pressure developed depends on the .
compression ratio of the engine.’

1

The compressing action increases the oy L
pressure of the fuel-air mixture to A .8
approximately 66kPa(751bs). B ‘ v

STROKE 3: Power--As the piston completes
it upward stroke:

Both the intake and exhaust valves are
closed. .

Compressed. fuel and air are ignited. ' RO

An electric spark is developedat the séark ,
-plug, which ignites the fuel mixture. RV
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"The fuel-air -mixture burns,’ and '. 192

pressure inside the cylinder increases
because of the heat of combustion. "Com-
bustion temperatures average approximdtely
1980°C (3600°F) . JUE P
The pressure of the: burnlng gases ins;de
the cylinder . increases’ to 3 or 4 times that
of the compress1on pressure which is
already 6 times normal atmospheric pres-
sure, This pressure was developed*during
the compression stroke. The combined
pressures drive the’ piston downward, or
away from the cylinder head.

The exhaust valve starts to open toward
the end of the stroke. The reason the
exhaust valve opens toward the-end -of the
power stroke is.to allow for better
scavenging (more complete removal of burned

gases). . .

[}

<

d. STROKE 4: ~Exhaust--When the piston has
completed the power stroke and starts ‘
upward: .

-

* The force of burning gases.is gone. The
piston movement forces out remalnlng gases
through the exhaust valve., ~-*

Here is how a 2- stroke-cycle englne works, It
is, des1gned to.complete all of the actlons (a
cycle) described for the 4-stroke-cycle engine,
but it does them during one reVOlutldn,of?the

. crankshaft. (Transparency VI-1-C) T

a. STROKE 1‘ Power-exhaust—lntake-—As the
p1ston moves downward, away from the

’ cyllﬁaer head, all three of the follow1ng
events take place. :

Power: ~ Pressure of the burnlng gases,
caused by the heat of combustion,’ pushes
““the piston downward. ‘This. action provides
power” to turn the crahkshaft through the

.conhecting rod. (The fuel was ignited . _

about 'the time -the piston reached the top
~“of the previous stroke) .

Before the piston reaches the end: of its
downward movement, it exposeg in the
cyllnder'two holesb,or sets of holes, whlch
are.located on opposite gsides of the
'cylinder: These’holes are called ports

. . A , ’ ... .
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‘One is the "exhaust port," and_the 193
other is the “intake port."”

. Exhaust: The exhaust port is uncovered
first. Hot gases, which are still undey .

'pressure from combustlon, escape through
the open exhaust port.

Intake: After the uncovering of the ,
exhaust port, the intake port is uncovered. -
- A fresh charge of the fuel~-air mixture is
- forced into the combustion chamber. The
charge comes from the crankcase where the
~ " fuel-air mixture is under pressure.

Pressure develops in the crankcase as a
g : result of the downward movement of the
piston. The pressure causes the reed valve
’ o to close and pressure to build up in the
T. crankcase. This is only a slight pressure
compared with the compression pressure.de~
veloped in the combustion chamber {approxi-’
mately 4 to 6 pounds per square inch). It
is enough, however, to force the new charge
of fuel into the combustion chamber. This.
also helps -to drive out the remaining
exhaust gases.

b. STROKE 2: Compression--As the piston'
. moves upward: '

_ Both ports.are closed (coyered) bx the

- piston so that the fuel-air charge in the
cylinder is trappeg‘and compressed. o

Just before the piston reaches the top of _

the upward stroke, a spark from the spark |

plug ignites the migxture, and it starts to

burn. This beglns another power stroke.

Another event which does not occur in
4~-stroke cycle engines takes place in a

' 2-cycle engine during the compression

) stroke. As thé piston moves upward, a

partial vacuum (low pressure) is created in
the crankcase. Atmospheric pressure opens
the reed®*valve and forces a new charge of
fuel and air ¢from the carburetor) into the
crankcase. )

Most valves in,2-cycle engines-are of the
metallic reed type. ’

- ’

] . ' : 4~
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- Reeds are;made ‘of metal, phenollc, ox 194
' plastic. Some 2-cycle engines, however,
have sliding valves, and others have rotary
. valves. o .
6. Comparing 4~(Stroke) Cycle and 2-(Stroke) Cycle
Engines’ .

To review briefly, the prlmary differences in

\\\\\\fzi 4-cycle and the Z-cycle engines are as ) S
follows: . o

< H

The number of power strokes per crankshaft
revolutlon.

The method of getting the fuel-air mixture into ) o
the combustion chamber and the burned gases out. :

The method of lubrlcatlng the internal moving .
parts. - X

P
Since the 2-cycle engine uses the crankcase for.
storing a reserve charge of fuel~oil and air
mixture for the next stroke, the crankcase
cannot be used exclusively as an oil compart-
ment for lubricating the engine. Instead, .
lubrication is supplied by oil that is mixed oo
with the fuel at the time the engine is :
refueled.

Because of these dlfferences, it is important.

- .to know whether an englne is the 4-cycle or the

b ~ 2-cycle type when serV1c1ng, operating, ) .
malntalnlng, or repalrlng it. When 1ubr1cat1ﬁg a )
small engines: . v . *

If the mixture. of oil and gasoline is put in -
the o0il sump of a 4-cycle engine (instead of
crankcase oil) the engine will overheat because
of lack of proper lubrication. L

If gasoline is put in a 2~cycle engine w1thout ' S
first mixing it with oil, the engine will - SIS
oyerheat because of lack of lubrication. It T
will not run long before the piston- -and
bearlngs will overheat, score, and seize..
Two-cycle erigines have a sealed crankcase but-
no oil sump. .
One way to recognize a 4-cycle engine is by -the
presence of its oil sump and by the fact that
it-has an- ‘oil-filler cap or plug where oil can
be added to the cxankcase. These and other

-

e



methods for idéntifying the type‘of 195.

engine will be discussed . later.

Since a 4-cycle engine is dependent on an oil
sump, the angle at which it operates is

‘critical. 0il distribution can become limited

when the engine. is tilted too much. .

By contrast, the 2-cycle enginerls properly
lubricated at any angle by small droplets of "
oil suspended in the fuel-0il and dir mixture -
in the crankcase. (Transparency ViI~1-D)

This q@oes not mean, however; that all 2-cyecle
engine
of carburetor is also a limiting factor.

‘(Transparency VI -1-~E)

P

Importance of Proper Care and Operation

To make small engines "stand up" under the
heavy demands to which they are subjected,
manufactures provide them with larger ]
crankshafts, larger main bearings, and larger
oil supplies per horsepower than those in
automotlve englnes.»

They are also Jbuilt to meet a government
specification which provides that the- -engine
must be designed to operate under full load at
top speed for 1,000 hours. Some have been

" known_ to run. as.long as 5,000 hours. A =~
thousand - hours, however, 18 usually con- - o

sidered a long life for small engines. operated
on an ixregular basis. For example, if it
takes two hours to mow the -Jawn, and if it is
mowed every week for six months, that is only

‘48 hours per year. At such rate, the mower

engine should last 20 years. Occasionally;, one
hears of small.engines lasting 20 years, but
most of them.give out much sooner than that,

. If operatlng troubles, high ma1ntenance, and

repalr costs are encountered, and the engine is
short~11ved, these problems are probably caused
by the service and operation the engine .
receives, For example, the following can occur
to“the small engine: . .

a.: D1rt is allowed to enter the engine.’
_(Transparency VI-1~F) .

It is generally agreed among experts in the
‘automotive industry: that more than 50 per

can be operated at any angle. The type .

.....

Ty




cent of early. engine fallures can be
.attributed to dirt. This percentage is
even higher with equipment such as lawn
mowers and tillers. They operate with the
engine near the ground, where a large
amount of dust is usually present.

-

Failure to check the crankcase oil ieVel

1

- regularly {4-cycle engines).

- If the oil level is too low, the ‘engine
will not be lubricated properly.

c. Overloading of the engine.

d. Running the engine too fast

Some people change the governor ﬂc%tlng on
their engines in an-attempt to develop more
horsepower than that for which the englne
was de51gned If the power ‘dutput is
increased in this manner, trouble will
occur.

One way to save trouble, in servicing and
eperating the engine is to save and use the
operator's manual that comes with the engine.
It contains important information for the
particular engine (informatioh that-one must
have when doing many of the servicing jobs)g

. . To get the proper parts for the engihe,

is found on-the:nameplate or’ stampedton the
cooling shroud. Completing a form similar to
Transparency VI~1-G will glve the necessary
information. N ,

Iy

Informatioﬁ'thattis found on the nameplate is
'as'follows: (Transparency- VI-1-H) .

Make of engine or ngme of the manu~
facturer.
b. Model number or name of engine. This
number usually gives a c¢lue as to the
" horsepower. Some model numbers refer to
! . other information such as the type of
crankcase and accessories. Some include
1nformat10n about certain modiflcatlons.

a.’

' Ser1a1,number~-1t tells the sequence in -
which’ the engine :came off the dsseitbly

v
- ! 7

‘-43?;
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give the dealer the following information which:
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line.  Modifications are made as ¢ 197
production progresses. By knowing the
serial number the manufacturer or dealer

can tell which modifications have been

made. Then the proper parts can be
supplied. v

d. Type number--The type number identifies
engines which require certain parts and
accessories which are .different from the
parts originally designed for the. engine..

e. Specification number--This refers to ‘.
different designs, requested by the . '
equipment manufacturers, such- as the length
of power take-off end of the crankshaft.

The type and specifications information is
included in the model and serial number on °
some engines. When recording the numbers,
be careful not to confuse the engine number
with the equipment number. They are very '~ 7
similar. Look for the engine number on the A
éngine proper. Sometimes it is necessary.
on an old engine. to rub the numbers with
chalk to bring out raised or indented
numbers.

One of the most common mistakes made by inex-~ R
perienced persons is failure to use the proper :
tools. Never use pliers to loosen or tighten
nuts-or bolts. Use the proper sized wrench.
The use of pliers will round the corners and
make the nuts and bolts more difficult to
remove. Using wrenches that are too big for -
the job or using exténsion handles may result
in stripping threads. Keéep tools clean,
orderly, and in good condition, and they will
be énjoyable to use.

These points are so important to the welfare of '

a small engine that manufacturers will not . -
guarantee engine(s) if there is evidence that
an individual is guilty of one or more.of the - ~

violations listed.



f " 10. Operating Engines . o 198 v
There seems to bé a certain amount of pleasure
derived from racing an engine, for né apparent ‘
reason, AIl manufacturers warn against it, . o
especially-during warm-up. One manufacturer S

Aputs it this way: - ) .- -

"Racing an,engine or gunning it, to hurry the
warm-up period, is very destructive to the

polished wearing surfaces of pistons, rings,
cylinders, bearings, etc., as the proper oil N
film on these various sutrfaces cannot be C
established until the oil has warmed up and

becomes sufficiently fluid. ,This is especially
important on new engines and in cool weather."”

Small engines are toughﬂ‘They will stand much
punishment. Abuse during operation, however, .
shortens their service life. (Transparency '
VI-1-I) : ‘ -

Information needed when operating the engine.
is discussed under the following headings:

- a. Importance of proper operation. . There are
> many ways by which small engines. are :
abused, but most of them suffer either  from
overspeeding and/or overloading more than ]
anything else. T
_ Overspeeding an engine beyond its designed
operating speed shortens its life. It can
also be dangerods. The .engine can actually .
"blow up" operating at excessive speeds.

Excessive speeds also affect the life and - ;

safety limits of the equipment on which the T .

engine is mounted. According to the '

American Standards Association, 5,800 m/min ]

(19,000 £t/min) is the maximum.safe speed = -

at .which the tip of a lawn mower blade - . -

» should trave}: \lLawn-mower manufacturers . -

: ‘ comply with(/this\standard in their design. Lo
- But if the governor ig changed to increase S

) the speed of the ine beyond that which . &

ed, the blade may exceed a safe ..

for a mower that has a 61 cm

For example, ’
(24 in) blade (direct .drive), the engine e
- - speed should\not exceed 3,024 rpm. If = . .




it is increased to 3,600 rpm,

the blade tip speed will be 6,890 m/min
(22,620 ft/min), which is over the safe
llmlt. If it is increased to 4,000 rpm,
the blade tip speed would‘be approxzmately
7,620 m/min (25,000 ft/min) or ’
approx1mately 480 km/Hr (300mph).

A lawn mower blade is dangerous enough at )

normal speeds. A test conducted on a s

. rotary lawn mower by one manufacturer
- revealed some. indication of the force.
’generated by small engines. With the )
engine turring at 3,600 rpm and driving ‘an
45 X 5 cm (18 in X 2 in) blade, the blade.:.
was stopped suddenly and the force of

. impact was 'measured. Some: 38,000 N ‘(34
tons) of impact force were exerted against
the stop. (Transparency VI-1-J)

Overloading is also a common abuse of small'
gasoline engines. Overloading causes k
overheating and extra loads on the
bearings. Overheating contributes to.--
excessive varnish and carbon accumulation:
. inside the engine from breaking down the
' chemical composition of the o#l. This
accumulation causes plston rings and valves
to stick. Low compression and loss. of"
power result. Generally, it 'is hard to .
realize anything is wrong untll the valves,
are burned and/or the rlngs are broken.
Then repairs: become expensxve.
Adjusting the engine speed apd load.
.Manufacturers make a few simple suggestlons
for operating small engines. At first they
4may seem unimportant, but they will . improve -
service one gets from the engine if one
follows the operating instructions.

'1) Read the oéerating instructions for
. both the equipment and the engine.

-Allow tne engine to.yarm up after
startlng and before bringing it up to
speed or applying a 1oad .

Operate at high idle speed (approxi-*
mately 1/3 throttle). 'Too low an idle

e




3)

4)

‘5),

e

speed will cause the spark plug 200
to become fouled with unburned fuel.

CAUTION: Never operate an engine in a.
closed building. There is a danger of
being overcome by carbon monoxide gas.
(Transparency VI-1-K) e

Adjust throttle position. Most small
engines are designed for_ continuous
operation under load at full throttle.
Manufacturers say that it is better to
operate the engine at the continuous
operating speed for which it is .-

“designed than to risk overloading the

engine while it is being operated at a
lower speed. This is assuming that the
governor adjustment has not been
changed. The governor is set so that
it will hold the engine speed to a
continuous operating speed. T .

If the engine is new or rebuilt and

is a 2-cycle type, adjust the
carburetor for a fairly rich mixture
for the first 10 hours. This is better
for lubrication of the new parts.

There is not a break-in périod yecom-
mended for 2-cycle engines.

" If the engine is new or rebuilt and is

a 4-cycle type, adjust the throttle to
approximately 1,000 to 1,800 rpm (about
1/3 throttle) and operate it for 1/2
hour without load.  Then increase the
engine, speed to maximum- governed speed
without load for 1/2 hour. Operate
rebuilt engines. an additional ,

3 1/2 to 4 hours before applying a-full
load. 4 :

_Apply load to thé engine. Apply load

gradually. Do not overload.

If the. engine is a new one or is

rebuilt, operate it at full ‘throttle

for at -least 10 ‘hours under light load
to assure adequate lubrication during

the break-in period, unless the ~

manufacturer recommends a different

‘procedure.

1?oilqw_thq proper operational -

»,

procedures..
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CAUTION: Do not leave the 201 .
engine running while unattended.  There -
is a danger of the equipment getting :
out of control and causing personal

injury or property damage.. '

- Engines with floaﬁ-type and suction
carburetors may not operate
satisfactorily on slopes of more than
1’500 'ﬁ ol

A fuel valve in float-type carburetors
may be either forced open or. closed
when. the engine is tilted. Then the
_ engine gets either too. much.fuel or' not
» enough.

Suction carburetors lift-fuel through . ,

a suction pipe from the fuel tank or. e
y from a sump. If the engine is tilted T

too much, the carburetor picks up

either too much fuel or not enough..

If a 4-cycle engine is tilted.
excessively, there is a danger of :
starving it of oil. The oil in the oil
sump may not be reached by ‘the dipper-
or slinger. : ’ :
- - If the engine has an oil-bath air
. cleaner and is tilted too much, -thé oil
will spill into the carburetor and foul .
the plugs. - ‘
s 6) Stop the engine if it does not run
..properly. To locate and correct the
' . trouble, first be sure to. perform the
periodic ‘service required for the -
engine. .

c. Stopping the Engine

1) “Remove load from the engine. If an "
engine suddenly stops uhder a load,- .
it suffers from :shock.” Instead of"-
coasting to a standstill, it is ~

- actually stalled, This causes shock on
the bearings and increased wear. -
(Transparency VI-1-L) . ~ '

&

2) Reduce engine speed to idle. Allow
i engine to cool for one or two minutes - A ,
at 1/3 throttle speed and.no load. o
. . The engifie.temperature may be three B

‘4,_34'
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‘tlmes higher at operating speed
ithan at idle Speeds. - Stopping ﬁh . -
‘engine at a high temperature subjects ‘ ~ o,
it to a suddeéen coollng which creates N
atress on all the engine parts. B ’

3) TUrn off the 1gn1t10n switch. " On
. -battery ignition engines, leaving the
ignition switch "on" will cause the
battery to discharge.

CAUTION: If the engine is controlled
by an ignition lock and Key, remove it
before leaving the engine. This is a
safeguard against children starting the
engine, operating the equlpment, and
getting hurt. ,If the engine has no
ignitiion key, remove the spark plug wlre e e s i
from the spark plug. . - o

4) Close the fuel-tank shut-off valvé if
‘ the engine has one. This care takes
. the pressure off the carburetor
* ' diaphragms and/or float and prevents
¢ fuel leaks. :

5) Store the engine in a dry, protected
area. If the engine will not be used
within a period of 30 days, drain the

. tank and carburetor. Then, just prlor . .
to using it, fill the tank with clean,ﬁ' '
fresh, regular—grade gasollneq This =
prevents gum from forming 1n the fuel . C,

i system. - - R . ‘ :

- - I3 £

11. Servicing Small Engines ’ ) e ‘ LT 7;4é

It is well recognized that to get trouble-free : o
service from?the engine, a person must take it
timeé to service it regularly. When this should ) L

- be.done: varies with the different manufacz. -~ . . - .. . = .’

turers' recommendations, ‘the- operatlng LT e :;i;-ﬁefi
conditions, and the type of serV101ng ~ L
performed, , : L

Manufacturers are in general agreement as to . Sl

the minimal time interval for doing most jobs. o
B Before -each operatlon check- the crankcase oil. . o

“level in 4-cyclé engines, and fill the fuel . L

tank with. clean, fresh, regular gasollne¢ -If ' D

it is 'a 2-cy¢le engine, be sure the proper oil CL

s thoroughly mlxed wlth the gasolxne. < o L]
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Two jobs should be done at least every 203
25 hours of operation. They are serviecing
carburetor air cleaners, and changing the ,
crankcase oil (4-cycle engines). TIf operating
an engine in extremely dirty and dusty
conditions, do these jobs more often.

As a rule, manufacturers recommend an annual
cleaning _and general inspection. At this time
the fuel strainers and crankcase breather are
cleaned@ and serviced. '

The following service jobs are discussed in the
order one would do them from the start of an
operating season.. Of course most of them will
need to be done repeatedly throughout the
season. )

The proper procedures for doing these and other.
service jobs are given under the following ™ -~
headings: , _ d

a. Identifying types of small engines--It is
difficult to recognize a 4-cycle from a
2-cycle engine unless one understands the:
principal differences. There are four
methods that can used. :

One method is to check for an oil sump and | |
0il filler plug or cap. If it has a sump
and filler plug or cap, it is a 4-cycle
engine. There is no 0il sump on 2-cycle
engines. . S '

Another method is to check for location of
the exhaust ports or muffler. On a

4-cycle engine the exhaust muffler connects
at the cylinder-head end of the engine
cylinder. The 2-cycle engine has an
‘exhaust port about midpoint on. the
cylinder. : :

A third method is to check the info;hation
on the name plate or check the operator's
jinstructions. One, or both of them, should
mention the oil specifications, or fuel—and-oil
specifications. If either one gives' the ’ )
crankcase capacity or a-kind of crankcase oil,
this applies only to 4-cycle engines. If

. mixing oil and gasoline is mentioned, this
would identify it as a 2-cycle engine.




If none of these methods is adequate 204
and one is still uncertain about the

identlflcatlon of the, engine, -
compres51on method. Proceed as follows:

1) Dlsconnect the spark play
. the engine from starting.

Make sure the connector is not touching

the spark-plug terminal.

2) Put a chalk mark on the starter flange
~or pulley.

3) Crank the engine slowly by hand.

If resistance (caused by compression)
is felt at only every other revolution,
it is a 4-cycle engine.

If the resistance (caused by
compress1on) is felt at each
revolution, it is a 2-cycle engine.

Cleaning small engines-~If one fails to
clean the/engine regularly, its-efficiency
is reduce@d along with its time of -useful
i  For example, the following may

-

1) The engine overheats.
2) Dirt gets inside the engine.
3) Rubbeg parts soften and break down.

4) Loose nuts and cracks are covered and.
go unnoticed until major damage is
done. .

5) Neglect becomes a habit.’

Overheatlng can be caused by dirt and grlme
on the outside of the engine and by a
clogged or restrlcted exhaust system.

When d1rt and grlme collect on the flns,
they tend to insulate the fin area so that
heat does not move readily into the air’
stream. The engine temperature in¢reases
excessively during operation. The =
collectlon of dep051ts can reach the pornt

-

- o
o ’443‘/ L
,/' P - . “'.’
* +

-




at which the space between the fins - 205
may be completely blocked and the engine
overheats.

A clogged muff@er wi@l also cause an englne
to overheat. ‘It creates a back pressure in
the cylinder and prevents the Hot gases.
from escaping readily. One-third of the
combustion heat is given off through the
exhaust system.

”Overheating, in turn, causes vaéée)gulde
distortions, cylinder warping, uffing and
scoring of cylinder walls, stlcklng valves,
loss of power, and eventually engine
failure.

Another reason for keeping your engine,
clean is to prevent dirt form getting
inside the englne. Much of thé dirt that-
enters the engine comes from deposits on
the outside. Dirt particles whqu enter
the lubrication area of an en ine ‘cause
rapid wear on bearings and other surfaces
that sglide against one another. Once dirt
mixes with oil, a harmful grlndlng nixture
is developed.

Unless one is extremely careful,»dirt will
enter the engine when a person checks the
crankcase oil level or refuels the engine.

Dirt may also get into the air cleamer
assembly when-the filter is removed. This
restricts air flow into the carburetor;
then some of the dirt will enter the
cyclinder during engine operation.

With 2-cycle engines dirt and other foreign
materials may enter the exhaust ports and
lodge on the cylinder walls..

Oil or gasoline which collects on rubber
parts, such as the spark plug wire, V-belt,
and rubber ‘hoses, causes them to soften and
deteriorate rapidly.

Another édvantage of cleaning an engine-is
to reveal any part that might have become.:
defective, loase, or broken. These parts
can be repaired before extensxve damage 1s

*“done. .




Most engines -are sold with a warranty. 206
The warranty provides for the replacement

=t of defective parts for a period varying
from approximately 45°days to as long as

& "one year after the date of purchase. If
the engine is new and one can discover
defects during that period of time, one
will save the cost of putting the engine .
back into top operating condition, o

Once an individual gets behind on servicing
~the engine and it becomes dirty and rusty,
the owner loses a sense of pride in owning -
the engine and has a tendency to neglect ]
and abuse it. The individual is then more )
likely to overload the engine, operate it
too fast, and neglect to service it
properly.

Tools and materi;ls needed to clean a small
englne '

L3

1) Slot-head screwdrlvers (4" and 6")
Phllllps-head screwdrivers (4

2) Socket set (including 3/8", 7/16",
5/8", and'9/16" sockets and 3/8"
i;ﬁgget handle :

3) * Open-énd wreriches of the same sizes
indicated for socket wrenches

4) MNut drivers (1/4", 3/8%:

5) Wire brush _ )
6)%%P%§l (approximately iO—qti;cap&ci£y1;¥.
7)j_Paint brush

8) Water hose equipped with nozzle ) o /;

9) small wooden scraper and/or a small : T,
putty knife’ _ , AR

< ‘ i

. s 7 .
10) Old‘toothbrush, if availﬁble —

11) - Commercial degreaser (Petxsol 404, e
Gunk, or equivalent); or petroleum S
solvent (mineral spirits,’ kerosene, or .-

'diesel fuel),,or steam cleaning et
equipment (Transparency VI-1-M) . e

12) - Hand sprayer ' 439 L
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A fire extingu31sher is also 207
desirable in case-of fire. It should
be of the dry-chemlcal, carbon-dloxlde,
or foam type to be effective for
gasoline or other petroleum fires.
If an air compressor that can be set~-
for a pressure of approx1mately 100
pounds (per square inch) is available,
it is very helpful in removing dirt
from hard-to-reach places.

The following,is.the recommended
procedures for cleaning your engine:

1) Allow the engine to cool if it has
been running$

2) Remove the blower shroud and
" cylinder baffiles; )

3) Inspect for oil leaks and fuel
leaks;

4) Remove air-cleaner and cover
air-cleaner opening;

5) Clean the exhaust system;

6) Apply solvent on areas that need’
cleaning;

CAUTION: Do not use gasoline for
cleaning the engine. It is highly
flammable and an extreme fire
hazard. -

CAUTION: If a degreaser is used,
check the instructions on the: can.
Some are flammable and dangerous ‘if
used in a closed building or near a -
flame.

Let the .solvent set approxzmately 5 -
minutes whether a degreaser, ’
petroleum solvent, or a mixture of
the two is utilized;

7 N
Remove solvent f¥om the - englne
surface,,

-

*

Check for areas that have been
missed;




10) Remove protective covers; - 208
. 11) Replace the carburetor‘air cleaner;
- and

12) Operate the engine immediately fér ¢
three to five minutes. ‘

c. Servicing carburetor air cleaners. The
carburetor air cleaner is one of the most
important parts of your engine. This was
proved by one manufacturer who conducted an
experiment to learn the effects of oper-
ating an englne under dirty conditions
without an ‘air cleaner. The engine failed
after only three and one-half hours of
operation. The cylinders, pistons, rings,
and bearings were badly worn.

LY

For the air cleaner to protect your engine

from dirt, it must be serviced properly.
Servicing consists principally of cleaning

the filter element. \ -

Types of air cleaners and how they work--
There are three types of air cleaners used . -
on small gasoline engines =-- (1) oil-bath,
(2) oiled-filter, and (3) dry-filter type.

! All three of them do a satisfactory job of ;
removing harmful dirt from the air going :
into the engine, when serviced properly.
(Transparency VI-1-N and Q)

It is important that a person know how to

identify types of air cleaners and how they

work in order to use the proper procedures

for servicing them. i

’The oil-bath cleaner washes dirt particles
.from the air by forcing it through a bath .. oo
of oil. CL

-Air enters the cleaner under the edge of
the cover. "It is directed downward to the

. bottom of thé oil ‘cup. When the air L
reaches this point, its path of travel
s changes abruptly to an upward m&vement.

|

' : -0il in the filter is picked up and carrled s

| : : . along with the air. This action coats the - - 7
' dirt partlcles with oil and causes them to =~ ..
' lodge in the mesh of .the filterifig element . h '
, (a metallic maze). As more dirt and oil
collect 1n.the filterlng element, oil




drains back into the outer 209
chamber of the oil cup. Here the dirt .
settles out, and the oil is used again to

trap more dirt. . -

The oiled-filter of the air cleaner
consists of a filtering material such as
aluminum-foil mesh, or maze, or a sponge-
like plastic materlal called polyurethane.
Elther material is coated with oil before
being installed.

The fllter is designed so the air passes -
* over a large area of oiled surface. O0il on
the filter material picks up dust and.dirt
particles and prevents them from going into
the engine.

Many people think that oiling this type of
filter is not necessary, but without oil
the filter is .of no practical value. Dirt
goes right through it.

The dry-filter type of air cleaner consists
of a porous fllterlng element. It is

usually made of paper; but some are made of
moss or hair.

-

The dry-filter type air cleaner has a

filter with minute (very small) openings- ) .
that keep all except extremely small =
particles from passing through. - This type

of filter is not dependent upon oil for

catching the dust and dirt.

Dry-filter cleaners have the following
advantages:

'They are easier to service;

Fuzz and chaff cause less restrlctlon to -
air passage,

. They are more efficient at~a wide range of
engine speeds; and

When the air cleaner needs servicing, “the
engine warns a person by failing to run
properly. Dirt builds up on the filter, .-
and the englne starves for air. This
results in a choking effect.

R ; .
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Dry-fllter air cleaners cost more 210
to maintain than othér cleaners because the
filter element requires replacing quite
often. How often depends upon the
operating conditions.

A 3 hp engine operating at 3}600 rpms
requires approximately 6.5 cu ft of air.

Most. manufacturers recomriend servicing the
air cleaner every 25 hours, if the engine
is being operated under ideal condltlons.
Servicing fuel strainers--Fuel stralners
are located between-the carburetor' and
fuel tank or can be found inside the fuel
tank. , .

The purpose'of a fuel strainer is to
prevent trash and dirt from entering the
engine.

If a small engine is nat getting enough
fuel to the carburetor to run properly on,
the fuel strainer should be checked.

It is recommended that the fuel strainer be
checked every 25 hours of normal operation.

Servicing crankcase breathers--Four-cycle
engines have a crankcase breather that -
provides for the £ollowing:

1) Avoids a build-up of excess1ve pressure
in the crankcase, - ) .

2) Allows’ for removal of harmful gases in
the crankcase,

3) Maintains a partial vacuum, and

4) Keeps out dust and’ dirt.

CranKcase breathers should be cleaned at
least.once a year.

NOTE: Twc—cyle engine crankcases are not
vented because of ‘fuel and oil entering the.
tombustion chamber through the crankcase.
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Suggested Student Activities ‘

211

Have the students perform a daily
operational check on a small engine as
though they were actually going to be
using the engine. -
Assign the students to make a list of
malfunctions that they find on small. = -
engines around the student's home.

Have the students give a safety R
demonstration with the "do's and doq'tq}

operating a small engine. . A
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WHY SMALL I ENGINES ARE
ADAPTABLE TO MANY KINDS
. OF JOBS'

LIGHTWEIGHT - ; PORTABLE
ECONOMICAL ON AIR.COOLED

FUEL USE ‘ g
COMPACT J EASY TO SERVICE g
SOURCE' OF POWER FOR SMALL EQUIPMENT

R S N ¥ 5 ST
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EQUIPMENT POWERED BY
_SMALL ENGINES -
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. BRUSH CUTTERS
CHAIN SAWS ROTARY TILLERS .
NVEYORS IRRIGATION PUMPS
EVATORS SPRAYERS ,
POST HOLE DIGGERS  CONCRETE VIBRATORS [
SMALL FEED GRINDERS GENERATORS -
CONCRETE SURFACERS OUTBOARD BOATS
AIR coMpastbns SMALL TRACTORS

TRANSPARENCY VI 1- A
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.~ OPERATION OF A S
FOUR-CYCLE ENGINE

A=

‘ TRANSPARENCY VI-1-B -
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_OPERATION OF A
TWO-CYCLE ENGINE
< n

Intake

INTAKE-EXHAUST
- STROKES

P.érts' A | Ports
Closed “ Closed

' Réed, Valve
Closed

R [ COMPRESSION.
" T~ STROKES — .. .~ . .

*

— TRANSPAF?E:N??’ VI-l-c 447
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OPERATING SOME ENGINES AT T0O
GREAT AN ANGLE MAY STARVE THE
- ENGINE OF FUEL OR OIL AND TAKE
OIL INTO THE CARBURETOR FROM

THE AIR CLEANER

| TWO-CYCLE :
ENGINE | .

FRESH REG. | '+
GASOLINE -

| L TWO=CYCLE ‘ENGINES REQUIRE A.
| R TR, MIXTURE OF GASOLINE AND. OIL




" * SOME MAJOR PARTS

rd

OF A SMALL ENGINE

._.
<

OV o NSV B W -

FUEL TANK
DRAIN PLUG
FUEL FILTER
FUEL VALVE
POWER SHAFT
OIL DRAIN  PLUG
OIL FILTER PLUG
NEEDLE VALVE
CHOKE LEVER
IDLE VALVE

ey

-

It

12

13.
14.
15.
1?).
17.
18.
1.

TranspaRency VI-1-E

AIR CLEANER
IDLE SCREW
GOVERNOR SCREW
SPARK PLUG

STOP SWITCH

OIL SUMP
CYLINDER HEAD
CARBURETOR

FUEL LINE

445
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. DUST AND SMALL ENGINES

.

(A) SMALL ENGINES REQUIRE LARGE
AMOUNTS OF AIR - APPROXIMATELY
TWO CUBIC FEET PER HORSEPOWER
PER MINUTE, "

(B) THE AIR MUST BE CLEAN,

(b)

(A) MANY SMALL ENGINES ARE NEAR
THE GROUND WHERE DUST IS
THICKEST,

l

(B) AUTOMOTIVE ENGINES ARE
USUALLY SOMEWHAT REMOVED
FROM INTENSE DUST,

\
N
~ )

TRANSPARENCY VI-1-F
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OWNER'S ENGINE-INFORMATION FORM

|

GENERAL INFORMATION: 1 !
NAME OF EQUIPMENT (ON WHICH EN(EINE IS\MOU]\TED)
NAME AND ADDRESS OF EQUIPMEN;I‘ MANUFACTURER -

NAME AND ADDRESS OF ENGINE MAN%JFACTURER

OPERATING POSITION OF CRANKSHAFT: VERTICAL O, HORIZONTAL O, MULTI-POSI-
TION O

ENGINE CYCLE: 2-Cycle O, 4-Cycle D.

MODEL NUMBER, OR NAME
SERIAL NUMBER ; |
SPECIFICATION NUMBER ‘
TYPE NUMBER

HORSEPOWER

TYPES OF ACCESSORIES AND MAJOR UNITS:

CARBURETOR .AIR CLEANER: O0il bathD, IGNITION SYSTEM: Flywheel magneloD Exler
O”ed ﬁherD, Dry fillel'D. nal mag{)etD BaueryD

FUEL STRAINER: Combination screen and sedi- FUEL PUMP: Mechanically drivénD, Differential
ment bowlD, Screen inside the fuel tankD. . .
- pressure drivenD.

CRANKCASE BREATHER: Reed valveO, Float:
ing dick valved. . eed valveD, Float: ¢\ RBURETOR: Float, Suction 11D, Dia-
phragmO. :

STARTER: Ropewindd, RoperewindD, Wind
up0, Electric, ACO, ElRetric, DCD. GOVERNOR: Air vaneD, CentrifugalD.

SERVICE AND MAINTENANCE SPECIFICATIONS:

FUEL: Octane number ................ Mixture of oil TYPE OF SPARK PLUG: ... '

and gasoline (2-cycle) (Amount of oil per gallon .. ’ " l ‘
of gatoline): 14 pintD, Vb-pintD, other........... Gap setting: 0207, .0257, Other —.orrcvee NENPEN

OIL: SAE grade: 5 WO, SAE 10 WO, SAE 20 A 1 ' YN | : 012"
Wo. SAE 300, SAE 10 W-300." Classification: CNITION BREAKER-POINT GAP: ..012°0
MLO, MMO, MSO. 015”0, OhEr weoeeeererreeoeeseemeroerenie

TRANSPARENCY .VI-1-G




. INFORMATION FOUND ON THE NAME PLATE .
ATyiscons |y L
Aoty ENGINE ©

NAME PLATE

THE ENGINE NAME PLATE“GIVES IMPORTANT
INFORMATION FOR ORDERING PARTS, —

1) Moper NumBer
2) SERIAL NUMBER
3) Si1ze
- 4) RPM
5) ADDITIONAL INFORMATION
'6)_ MANUFACTURER

5 2id

| - TranspARencY VI-1-H
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TROUBLE!
LOST TIME!

453
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~ A SUDDEN STOP
¥
5
AN ENGINE OPERATING UNDER NORMAL CONDITIONS MAY .~
SOMETIMES HAVE TO ABSORB A SUBSTANTIAL.SHOCK.

T 7




- (A). Do NOT OPERATE THE ENGINE IN A (B) WASH SPILLED GASOLINE AWAY
CLOSED AREA, FROM A PAVED SURFACE: WITH
‘ WATER BEFORE STARTING" THE

ENGINE.

STOP
CONTROL

. (a)
() Reap YOUR OPERATOR s MANUAL-;

(B) Do 'NOT WEAR LOOSE-FITTING CLOTHING AROUND EQUIPMENT AND STAY CLEAR OF
ALL MOVING PARTS WHILE ENGINE 18 RUNNING. ‘

<
.

,TRAN§PARENCY:VIfl~K
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(A) HORSES ARE WALKED AFTER A RACE TO ALLOW
_ THEM TO COOL DOWN GRADUALLY.

(B) FOR THE SAME REASON YOU SHOULD LET YOUR
ENGINE IDLE ONE OR TWO MINUTES BEFORE
| STOPPING IT¢

i A ) ) X ‘ 458
_ TranspArency VI-1-L = -
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 DE-GREASERS' ARE AVAILABLE IN...

®

\

»

DEGREASER]- - L T

- . (A) SMALL PRESSURE-TYPE CANS, OR ..

(B) BULK AS'A CONCENTRATE REQUIRING oL
'DILUTION,BEFGRE BEING APPLIED, o ' "

- Rl . .
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SOAP AND

A

CLEANING A POLYURETHANE FILTER WITH SOAP

AND WATER,

ANe
{4

7.

2 A ~ » .

o L 2 >’ -

’ " : e em
v, 305 Lres " -
- [ ." 4 e Mo i
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= ". ¢ TTer | e el

- (a)

(a) CLEAN PAPER ELEMENT BY TAPPING
* IT LIGHTLY ON A FLAT, HARD ~

" SURFACE. g
£

- ¢ TransPageNcy, V]

(B) CLEAN FIBER ELEMENT BY

FIBER FILTER] .. N
ELEMENT | Y

DIRECTING COMPRESSED AIR . .}
FROM, THE INSIDE OUT,

-
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IMETAL MESH
FILTER ELEMENT
(@) EON}PRESSED AR, | 2’:5}]’&1 ET;;*;NT (0
(A) DRy POLYURETHANE FILTER BY_ SQUEEZING o
. (B) DRY METAL MESH BY COMPRESSED AIR OR BY
(C) *SWISHING S L ;

- - - [ e , ; o
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INSTRUCTIONAL AREA:

Agricultural Mechanics

'gﬁINSTRUCTIONAy UNIT VII: Arc Weiding

LESSON 1: Fundamentals in Arc Welding

I. Preparation for Instruction

" A. Student ébjectives

1.

”~

Terminal: Identify fundamental procedures
and equipment for arc welding and
demonstrate basic arc weldlng skllls.

Sgec1f1c:

a.
b.

C.

d.

e.

Define arc welding.

'List and describe the equlpment that is

necessary to arc weld.

State the basic safety rules in arc
welding.

List substances that should be removed
from metal before it is welded.

List the four basic positions used in

arc welding.
List the four basic joints used in aqt;

welding.
Describe how to start the arc.

..List the factors in determining the

proper current setting of the machlne.
Describe the .sound of a proper "arc.
Define travel speeéed.

‘Define a crater.

Describe the proper procedure to follow
to ensure that.a crater, from a

~ previous weld, is filled.

State the two procedures used to break
the arc.

Define lead and work angles.

Define multiple pass welds.
Describe-the ‘advantages of .weaving an
electrode.

Explaln the factors' to con51der in

- determining electrode selection.

List the five main ways that electrodes
are classified. R .

+




s. Explain the electrode identi- . . 213
fication system. - L

t. Contrast fast-freeze, fill-freeze, and
fast £fill electrodes. . ’ '

u. Describe importance.of keeping
electrodes dry. : :

v. Describe arc welding difficulties,

their causgs,‘and their remedies..

" +

Ye

1

B. Review of Teaching Materials

1. Phipps, L.S. Mechanics in Agriculture. -
Danville, Ill.:_ Interstate Publishing,
1977. : <

2. McCoy, V.L. and T.J. Wakeman. The Farm
Shop. New York: MacMillan Publishing
Company, 1960. ' .

C. Special Arrangements

— Arc welders and welding equipment (gloves,
electrodes, helmets, chipping hammers, wire
brushes, aprons, etc.) '

D. Materials Required ’ ' -

1. Overhead projector and screen
2. Materials listed above
Presentation of Lesson

A. Motivation -

1. - To become a successful welder, an

- individual needs to become familiar with

the terms used in welding, to have a basic
understanding of the hows and whys of a
welder, and to know what good workmanship
looks like in a weld.. o

2. The following is a Iist of a few of. the
. advantages -in becoming a proficient welder:

. i
a. Saves time,




, b. Reduces cost of expen51ve 214 .
repairs, .
c. Allows an individual the opportunity to
make metal projetts for home or farm
use, .
- d. Gives a feeling of pride and self- ,
. . satisfaction for doing a good job, . |
e. Promotes the ability to recognize -
» machinery and equipment that ‘is well , >
$ manufactured and to have~an appre- ) B
- _ } . ciation for it.
t
\
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B. Content Outline# ' ) © 215

1.

2.

-

Arc welding is a melting together of two
pieces of metal or a fusion process. The’
heat obtained from an electric arc is
formed between a base metal and an
electrode. An electrqde is shaped like a
wire or rod and held in an electrode
holder which is attached to an electric arc
welder. When this electrode is properly
brought into contact with the metal to be
welded, an electric arc is formed. The
heat of this'arc, which is approximately
6,500 degrees Fahrenheit, fuses the metal
belng welded and melts the electrode or
filler metal.

The electrode carries the current to form
the arc (hence its name) and also produces
a gas which shields the arc from the
atmosphere, and adds metal to form the weld
shape. (Transparency VII-1-3)

When an arc is struck using a coated
electrode, the intense heat melts the tip
of the electrode. The tiny drops of metal
from the electrode enter the arc stream and
are desposited on the base metal. As the
metal is deposited, a slag forms over the
weld which insulates it against the
contaminants of the air while it cools.

The follow1ng equipment is needed for
electr1c~arc weldlng"

Power supply,
Electrode holder,

" Ground clamp,

. Protective shield, and

e. elder’'s clothlng.

A" summary of each of "the above mentloned

pieces. of equipment is lisfed below: -

;9? Power supply ~-- for effectlve arc
welding, a gonstant current is
required. The welding machine must
have a drooping vdlt-ampere curve in
.which a relative constant supply of

B . 5




.- " current is produced with only a 216
' ‘limited change in vocltage load. -

In other electrical appliances the
demand for current usually remains
fairly constant, but in arc welding the
power fluctuates a great deal.” Thus,
when the arc is struck with the .
electrode a short circuit results which
immediately induces a sudden surge of
electrical current unless the machine
is  designed to prevent this, Simi-
lgrly, when molten globules of weld
tal are carried across the arc
stream, they also create a short !
- : * circuit. A constant-current power : Wt
supply is designed to reduce these
sudden surges of short circuits and so
prevent excessive spattering during
welding.

In arc-welding the. open~circuit voltage
(voltage when the machine is runnlng
and no welding is being done) is much
higher than the arc voltage (voltage
after the arc is struck). The open-
circuit voltage may vary from 50 to 100
and the arc voltage 18 to 36. During .
the welding process the arc voltage
will also change wit:h differences in
arc length.

ERE A .- since it is difficult for even a '
skilled operator to maintain a uniform .
‘arc length at-all times, a machine with
a steep volt-ampere curve will produce
a more stable arc, because there will
be almost no change in welding current
even with changes in arc voltage. ' A
volt-~ampere curve shows the output.
voltage available at any given output
current within the limits of the mini- -
mum and maximum current control settlng . :
on each range.- . L

For example, the curve in Transparency s
| - ViI-1-B indicates that a high open
{ ‘ : circuit voltage is available at 0 which
' : A ‘ ' helps in starting the arc. As welding
‘ proceeds, the voltage drops to the arc
| - . ~ - voltage at A and at this point fluc-
g : tuation in the arc length will hardly ) o
- ‘ : affect the current. If-the electrode ' ,




is short circuited on the wcrk, 217
the current will not become excessive,
as indicated at B.

The current used directly affects the
meltlng rate. As the rate of current
is increased, the current density at
the electrode tip also is 1ncreased.
The amount of current required for any
welding operatijon is govérned by the
thickness of th rk metal. This
current is controlled by a wheel or
lever arrangement. One control sets
‘the machine for an approximate current
setting and another control provides a
more accurate .current adjustment.

‘

1) Three basic welding machines used
in arc welding:

a) Generators —- usually direct
current

-

The direct-current power supply
consists of a generator driven
by an electric motor or a
gasoline engine. (Transparency
VII-1-C)

‘One of the characteristics of a

.direct-current welding gener-

ator is that the welding can be

done with straight or reverse

polarity. Polarity indicates

the direction of cuxrent flow L

in a circuit. -In straight - T
polarity, the electrode is '

negative and the workpiece R "3 )

positive and the electrons flow

from the electrode to the

workpiece (Transparency

. VII-1-D). In reverse polarity,

: the electrode is positive and 5
the-workpiece negative and the B
eléectrons flow from the work=- o
piece to the electrode.

Polarity is changed‘by
switching cables, although on
' modern machines changing : .
polarity is done by 51mp1y PR
turning a sw1tch '

4 J‘,;;




Polarity affects the 218
liberated heat since it is - : :
possible to control the amount o ‘
of .heat going into the base . g
metal. By changing polarity,

the welder can concentrate the
greatest heat-where it is most
needed. ‘

Usually it is preferable to

have more heat at the workpiece

because the area of the work is
~ greater and more heat is re- -

- quired to melt the metal than
the electrode. Thus, if large .
heavy deposits are to be made, °
the work should be hotter than ’ . =
-the electrode. For this
purpose, straight polarity is
more effective.

. On the other hand, in overhead
welding it is necessary to
quickly freeze the filler metal.
to help hold the molten metal
in position against thg force
of gravity. By using reverse
polarity, less heat is gen-
erated at the workpiece, giving
the filler metal dreater
holding power for out-~of-
position welding. . .

. - In other situations, it may be

better to keep the workplece as
i X ‘- cool as possible, as in )

Jweei . 0 7+ repairing a cast-iron casting. - : ¢

I . . With reverse polarity, less. v

- heat is produced in ‘the base

metal and more heat at the o
electrode. The result is that ' oo
the deposits can be applied v
rapidly while the base metal is

- prevented from overheating,

b) Transformers -- for alternatlng
current 1

The_transformeruwelding machine
produces alternating current.
N Power is taken directly from a

A R
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-

'power supply line and ~ -~ Z219.

- transformed into a voltage re-
quired for welding. .o
{Transparency IV-1-E) °

The simplest AC transformer -has
a primary and a secondary coil
with an adjustment.ttoregulate
the current output.  The . =~ * .
primaty coil receives the.
alternating current from the
source of supply and creates a.
magnetic field which constantly
changes in direction and
strength. Thé secondary coil |
“has no electrical connection to
the power source but it is
affected by the changing lines
of force in the magnetic field:
Through induction it delivers a
- transformed’ current at a higher
value to the welding arc.

Some AC transformers are
equipped with an arc booster
switch which supplies a burst
of current for easy arc
starting when the electrode
comes in contact with the work.
After the arc is struck, the
‘current automatically returns -to
the amount:set for the job. The
' a¥c booster switch has several
settings to permit quick arc
starting for welding either thin
sheets or heavy plates.’ o

.One advantage of the AC welding
machine is freedom from arc -
blow that often occurs when
welding with DC fiacHines. . Arc
blow causes the arc to wander
while welding in corners on '~

" heavy metal or when using large
coated-electrodes. Direct -
current flowingmthrough' the
elegtrode, wor%giece,<and "

. ground. clamp genérates-a
magnetic field around each-of
fhese units that may cause
the arc to deviate from its
intended path. The arc usually
is-deflectigaei;hér*forward or

ey ! .




“ =+ 77 17 -backward-along the line,6 -- 220 :
- o6f travel and may cause ex- ‘ .

cessive spatter and ‘incomplete

fusion. It also tends to pull .

. atmospheric gases into ‘the arc,

S i - 'resulting in porosity. The - T

) - bending of the arciis due to e
the effects of an unbalanced
.magnetic field. Thus when a :
g;”at concentrati of magnetic
flux develops on orffe side of _

) " the arc it tends ‘to blow away -

. C ~ - from the source.of. greatest . °

N T . concentratzon., .

Arc blow can often be corrected
by changing the position of the
ground clamp, welding away from.
. . . the ground clamp, or changing ’
s the posltlon of the weldplece
on the workbench .

¢ - -

4 , ~é&) Rectifiers -- choice of
N . ’ ; currentsf . . . -

Rectifiers are transformers
- which contain an electrical
device changing alternating
- current into direct current.

- ' The rectifiers for arc welding »

A T are usually of the constant~
) . ] current type where the weldlng .
= : -t current- remalnsxreasonably o

constant for small variations
in arc lengfh.

Rectaflers are made to provide
DC current only, or both DC and’
. AC welding. currents (Trans- . . °
parency VII-1-F). By means of
“. ‘. a switch, the output terminals .
, " can be changed to the trans- .
former or to the rectifier,
‘ . produclng either AC current or
# ~ DC straight or DC reverse
. polarlty cu~rent.

N

At present, the two rectifier
'materials used for, welding .
machznes 'are selenium and




silicon. Both are ex- 221 -

cellent, although silicon will
.often .pexrmit operation at
hlgher current densities, -

.
»

- Welding machines are sized
according to their output .
rating, which may. range from
150. to 600 amperes.
- The output’ rating is based on.a 60
‘percent duty cy¢le. This means -
that a power supply can deliver its
rated load odtput for six minutes
out of every 10 mlnutes{) In manual
welding, a power source is not
required to provide current .
contlnuously, as on other elec-
trical machines. For some elec-.
trical devices, once the power is
turned on it must deliver its rated
output until it is shut off. With
a welding power supply, the machine
is often idle part of the. time '
while the operator changes elec-.
trodes, adjusts the work, or shifts
welding positions. Thus the

" standard method of rating a machine
is to show the percentage of time -
that it must actually deliver '
:power. For this reason, fully
automatic power supply units are
usually rated at-100 percent duty
cycle. v

The size of welding machine used
depends on the kind and amount of
welding to be done. The following
"is a general guide for selecting a
weldlng machine.

150-200 ampere -~ For llght-toﬂf T
B
~med1um*duty A
welding., Ex- * ..
cellent for all
-fabrication and
rugged; enough
for contintious
operation on
light or medium
" production,
WOrk
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- . 222
For average
welding re-
quirements.
Used in plants
for.production,
maintenance,
repair, toolroom
" work, and’'all’
general shop-
-welding.

350-300 ampere --

-~

For lérge and
heavy-duty
welding. Espe-
cially good for
structural
work, fabri-
cating .heavy
- . machine parts,
- ) ) pipe -and tank
v welding.

490-600.ampere -

)

Electrode Holder -- The electrode
holder (Transparency VII-1-G) is used
to hold the electrode and guide it over
the .seam to be welded. ' A good holder
should be light to reduce excessive
fatigue while welding, receive: and
eject electrodes easily, and be
properly insulated. Some holders, are
fully insulated, while in others only
the handle is insulated.

When using a holder with uninsulated’
jaws, never lay.it on the bench plate
while the machine is running because it
will cause -a flash.

Always connect holders firmly to the.
cable. A loose .connection where the
cable joins the holder
holder. -
) h - . - -
The use of ldrge enough cable is also
necessary for proper welding. A 30-ft.
lead cable of a given size may be
satisfactory to carry the required
curtent, but if another. 30 ft. of cable
is added, the combined resistance of
the two leads reduces the current
output of..the machine.’
is then readjusted for a higher output,

o, "
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the additional load may cause
the power supply to overheat and
increase its power ‘consumption.
The primary cable which connects the
welding machine to the source of elec-
tricity is also significant. The.
length of this cable has been deter-.
mined by the manufacturer of the power,
supply unit and represents a. length o
that permits the machine to operate °*
efficiently without an appreciable drop
in voltage. If a longer cable is used,
more voltage will be required for the
work to be done, and if no more voltage
is available, the.resulting ,voltage
drop will'seriousyz/ggfect the welding.

-c. Ground Clamp -- The ground clamp is
vital to an électrical welding outfit..
Without proper grounding, the .full
potential of the circuit.will fail to -
provide the required heat for welding.

+ A good ground connection can be made. in
several ways. The ground cable may be’
- fastened to the work bench by a C-
clamp, a special ground clamp, or by
bolting or welding a lug on the end of
the cable, to the bench. (Transparency ,
VII-1-H) . ; 3 S

d. Protective Shield -- A suitable heliet .~
or handshield is required for all arc , -
welding. An electric arc produces a '
brilliant light and gives off invisible
ultraviolet and infrared rays which can

. burn the eyes and skin. HNever look at
the arc with the naked . <
eye within a distance of 50 feet. -

Both the helmet and handshield are
equipped with special colored lenses
that reduce the brilliancy of the light- -
and screen out the infrared and ultra-
. violet rays. . . - ‘

Lens come in different shades for
various welding. In general, the
. recommended practice is as follows:

Shade 5 -- For light spot welding
Shade 6 and 7 -- For welding .up to 30

‘amps - : v

' ¥




3;, Before'starting to we
 for safety. -

‘ . 224
Shade 8 -- For weldlng 30 to 75 amps
Shade 10 -- For welding 75 to-200 amps '

. Shade 12 -- "For" ‘welding 200 to 400 amps
Shade-14 -- For weldlng over 400 amps

Welder's Clothlng -- The welder in

Transparency IV-1-I is fully clothed
for welding safety. -
Gloves should be heavy-duty with long
cuffs. Regulation leather welding,
‘gloves should be available.' Use
asbestos gloves when working in intense-
heat; however, use clamps, not-gloves,
-to plck up hot. metal. .

Leather sleeves give extra protection
from sparks and intense heat.

Leather or asbestos aprons are recom-

mended for heavy weldlng and cuttlng.

Wear heavy shoes and ‘never roll the
pant leg as molten metal may fall into-
them. If possible, remove or cover

.pockets in front of .trousers or shirts.

.Cover the head w1th a protectlve cap

and always keep the protectlve sh1e1d
.in place.

, Observe ‘all rules

7

' Safety Rules -- Observe all safety

precautions. Here are t

" d.

basic rules:

Be sure the welding area has:a cement -

or masonry floor. T
Keep all combustible materials at a
safe distance. ’
Do not use gloves or other clothing
which contain oil or grease.

"Be sure all power W1r1ng is chrectly

installed ‘and maintained. Don't
overload the welding cables.

-

b
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' e. Always be sure your machine is- 225

properly grounded. Never work
in a damp area. ° '

£. Shut off the welding machine before:
making pairs or adjustments to avoid
shocks. . " : .

-

g. Follow the manufacturer's rules on
" operating the switches and making other
"adjustments. . . ,

S . ‘ -h. Protect others with a screen and
- . : yourself with a protective shield. R
Flying sparks are a danger to your
eyes. Arc rays can also cause painful
burns. -

i.- Keep firefighting equipment handy at
all times. )

4, Qlean all rﬁst,.scéie, paint, or dirt from
metal joints to be welded. Also be sure
the metals are free of oil. *

5. Arc welding can be done in any of the four
basic positions as shown in Transparency

vIi-1-J.
a. Hofizontal . " .
Yl{ b. Flat ‘ L .
- ’ c. Vertical -
- | ' : 4. overhead o R ' e

The flat position is generally easier -,
« and faster, plus giving better pene-
‘ tration.

\ v 6.- The basic types of joints. used in joining

PR . metal products are illustrated in Trans-
- . . * parency VII-1-K. . - - ‘ R
. ’ The foyr basic joints used in arc welding . , =
are: : - . L

. '
4 B R . R

a. 'Bugt.joints}

b} Tee-joints,

‘4

¢. Lap joints, ‘and : . SR

—- o ' / 1V 4?3

O oo : ’ | : N y “o -
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R d.  Corner joints o 226

A closed butt JOlnt has the edges of the
two plates in direct contact with. edch . --
other. This joint is suitable for welding
steel plates that do not exceed 1/8 to 3/16
inch in thickness. Heavier metal can be
"welded but only if the machine has .
.sufficient amperage capacity and if heavier
electrodes are used. :

The open butt. joint has the-edges slightly
apart to provide for .better penetration.
Very often a backup bar of steel, copper,
or brick is placed under an open joint to
prevent -the bottom edges from burning
through. . .

When the thickness of -metal exceeds 1/8 or -
3/16 inch, the edges have to be bevelled
for better penetratlon.

. . Bevellng ‘may be conflned to one plate or
B o7 the edges of both plates are bevelled, ,
) depending on the thickness of-the metal. I
Angle of bevel is usually 60 degrees
between the two’ plates. .

- - ¥ -

7. To start the arc, tap or scratch the ) -
electrode on the work (Tragsparency,
. VII-1-L). -"As soon as the &rc¢ is started,
 immediately raise the electrode a distance
" equal to the diameter of: the electrode.
! . ’ Fa;lure to raise the electrode causes ‘it

' - t6 stick to- the metal. 'If it is ‘allowed: to .
’ remain in this pos1tlon with the eurrent —_—
v . flqwlng, the electrodeé w1ll bec0me red hot.

Wheh an electrode does stick it can be " -
. , broken loose by qulckly twisting or bendlng
“ . it. 1If it :does not dislodge, release the
' ’ electrode from the holder. ,

8.. The amount of current to be used depends
upon: | 'A ) . a0 - Sl e

I

a. The thlckness of the, metal tobe .. T - L -u

welded,
‘ B b. " The actual position oflwelding,'and
i / ¢. The diameter of the electrode. ' ) C,




from side to side as the arc. wavers.

¥.

c e

As a rule, higher currents ,and larger , 227

diameter electrodes can be used for welding
in flat and vertlcal positions. or overhead
weldlng. : .

Electrode diameter is governed by the
thickness of the plate and welding .
position.  For most flat-position welding, :
the electrodes should be 5/16 or 3/8 inch
maximum, while 3/16 should be the max1mum
for vertlcal and overhead weldlng

Manufacturers of electrodes generally
spec1fy a range of .current values for
various diameter electrodes. However,
since the recommended current setting is
only approximate, final current adjustment
is made during welding.

For example, if tﬁe current range for an
electrode is 90-100 amperes, the usual
practice is to set the control. midway
between the two. limits. - After starting to
weld, make a final adjustment by either
increasing or decreasing the current.

Whenever the current is too hlgh the

- electrode will melt too fast and the molten

puddle will be too large and irregular.
When the current is too low, there wild not
be enough heat to melt the base metal and
the molten pool will be too small. The
result is not only poor fusion but also the
deposit will pile up and be irregular in
shape. (Transparency VII-1-M)
Too high a current may al'so produce
undercutting, (Transparency VII-1~-N) which
leaves a groove in the base metal along
both 51de of the bead.

% .
A current that is set too low Wlll cause
overlaps to form where the molten metal
from the electrode falls on the work
without sufficiently penetrating the %ase
metal. Both undercutting and overlapping
result. in weak welds.

If the arc is too long the. metal melts off
the electrode in large globules that wobble

.'
v
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- Phis produced a‘widé, spattered, and 228

irregular deposit without sufficient fusion
between the original metal and the de-
posited metal. .

‘An arc that is too short fails to generate

suffi¢ient heat to melt the base metal
properly. Also, the electrode will stick

frequently and produce uneven deposits with

irregular ripples.

The length of the arc depends on the type

- of electrode used and the kind of welding
done. Thus, for small diameter electrodes, - -

a shorter arc is necessary as compared to
the larger electrodes. Generally, the
length of the arc should be approximately
equal- to the diameter of the electrode.

A shorter arc is usually better for
vertical and overhead welding because
better control of the molten puddle is
achieved, ' . ‘ :

The use of a short arc also prevents
impurities from -the atmosphere entering the
weld. A long arc allows the atmosphere to
flow into the arc stream, permitting

‘nitrides and oxides to form. Moreover,

when the arc is too long, heat from the arc
stream is dissipated too rapidly, causing
considerable metal spatter.

When the electrode, qurxeq?,;qnd.polarity
are correct, a good short arc will produce
a sharp, crackling sound. A-long arc can
be recognized by a steady hiss very much
like escaping steam. <, o
Travel speed-is the rate the electrode
travels -along the weld seam. ‘The max imum
speed of welding is influenced by the skill
of the operator, the position’ of the .weld,
the type of electrode, and the required
joint penetration. N
Normally, if the speed is too fast, the
molten pool does not last long enough and
impurities become locked in the weld. The

‘weld bead usually is narrow with pointed

ripples. (Transparency VII-1-M)

a7

¢ .
.
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12,

13.

- and the weld bead is_high and wide. /

" surface appearance. . -

. This means breaklngﬁthe arc: af‘the right
.moment. S o

- for a full crater- S .-

-

~ -z

On the other hand if the travel 229 *
is too slow, . the metal piles up excessively

(Transparency VII-1-M)

In most cases, the limiting speed is the ’
highest speed that produces a satisfactory

As the arc comes in contact with the base

metal, a pool or pocket is formed which is
called a crater. The size and depth of a

crater indicated the amount .of penetration’

In general, the depth of penetration should

be from one-third to one-half the total
thickness of the weld bead depending upon X
the size of the electrode. .

For a sound weld, the metal deposited from. ~ .
the electrode must fuse completely with the .
base metal, Fusion will result only when

the base metal has been heated to a liguid
s¥ate and the molten metal.from the elec-.
trode readily flows into it. Thus if~ the

arc is’ too short there will bpe insufficient
spread of heat, or if the arc is too long

the heat is not centralized enough ‘to form
the desired crater. An improperly filled
crater may cause a weld to fail when a load -
is applied to the welded structure. ,

When starting an electrode, there is always

a tendency for a large globule of metal to

fall on the surface of the plate wi'th

little or no penetratlon. "This is

especially true when béginning a new

electrode at the crater left from a

previously dep051ted weld. To ensure that )

the crater is filled, the arc should be .
struck.approxlmately % inch’in front of = - .
the créter. The arc, should then-be brought .
through the crater to a point beyond the

crater and then the weld carrled backx .
through the crater, : .

When the electrode reaches the end 0f a = ° ;f‘
seam, make sure that" the crater is filled. N

“

Two procedures used to break the arc
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-The two prime factors in electrode pos1t10n

Shorten the.arc and move the 230
electrode -quickly, s1deways out of the
crater. , . . * C.

b. Hold the electrode stalonary just long
enough to fill the crater and then
gradually w1thdraw from 1t.

Occas1onally, the ¢érater may become too hot.
and the molten metal will run. .When'this
happens, l1ift the electrode and shift it
quickly to the side or ahead of the crater.
This movement reduces the heat, allows the I
crater to solidify momentarily, and stops tlie
deposit of metal from the electrode.

The angular positien of the electrode has a
direct influence in the quality of the
weld. Often the pOSlthn of the electrode
determines the ease with which the filler
metal is deposlted, prevents undercutting’
and slag, and keeps the .weld contour
uniform. -

are lead'angle and work angle. ’

a. Lead Angle -+ is the angle between the ,
joint and the electrode when viewed in
a longitudinal plane. (Transparency
VIii-1-0)

b. Work Angle -- is' the angle between the
electrode and the work whe iewed from
an end plane. (Transparenc Vil-1-0)

Some of the basic electrode positions for
flat, horizontal, vertical, and overhead
weldlng are 111ustrated in Transparency
VII- 1-J.

A single pass weld involves depos1t1ng one
layer of weld metal. In welding light .
materials, a single pass is usually
sufficiei

ed wrth each weld pass lapping over the
other, (Transparency VII- 1-Q)

[N

N
. Whenever a multlple pass is used, the, slag -
en each weld bead must be removed .

498
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completely before the next layer is 231
deposited.

16. Weaving is a technique used to increase the
L . . width and volume of the weld deposit. En-
¥ . - larglng the size of the weld deposit is
' ..often necessary on deep grooves or fillet
welds where a number of passes must.be A
made. Transparency VII-1-R illustrates -
several weaving patterns. The patterns
used depend to a large extent on-the _
position of the weld. . i

'17. The type of electrode selected for arc
welding depends upon: :

‘a. Quality of weld required,

b. Weld position,

c. Joint design, -

. ‘ d. Welding speed, -and

-e. Composition of base metal.

18. All electrodes,in general, are classified :
into five main groups: mild steel, high
carbon steel, special alloy steel, cast
iron, and nonferrous. The greatest range -
of arc weldlng is done with electrodes in

- .~ the mild steel group.

—~—

Electrodes are manufactured to weld dif-
ferent metals and are also designed for DC
straight and reverse polarity. or AC ’
welding. A few electrodes work equally
well on either DC or AC. Some electrodes
are best suited for flat position welding,
others are inteénded for vertieal and

i overhead weldlng, and somé are used in any

°-. o p051t10n. . .

-

The~shielded electrode has a-heavy c¢oating
. . of several chemicals such as cellulose,
: ; ~ titanimum dioxide, ferro-manganese, cilica
: . flour, c¢alcium carbonate, and others. These, "
ingredients are bound together with sodlum
silicate. . .

- A
-

¢ ‘ ; Each of the substances in the‘eoatiné‘is{ © o
intended to serve a ‘particular function in
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the welding process: In general, 232

_ their main purpgses are to induce easier

arc starting, stabilize the arc, improve

~ weld appearance and penetration, reduce

spatter, and protect the molten metal from
oxidation or contamination by the
surrounding atmosphere. i

Molten metal as it is deposited in ¥he
welding process is attracted to oxygen and
nitrogen. . Since the arc stream takes place
in an atmosphere consisting largely of -
these two elements, oxidation occurs while
the metal passes from the electrode to the

work. When this happens, the strength and. -°

ductility of the weld are reduced as well |
as its resistance to corrosion. The
coating on the electrode prevents oxidagion
from taking place. As the electrode melts,
the heavy coating releases an inert gas
around .the molten metal which excludes the
atmosphere from the weld. (Transparency
VII-1-S) - Coe

The burning residue of the coating forms a
slag over the deposited metal which slows
down -the rate of.cooling and produces a
more:ductile weld, : ’

Some coatings include powdered iron that'is
converted to steel by the intense heat of
the arc and- flows into the weld deposit..

Electrodes are often referred to by a
manufacturer's trade name. To ensure some
degree of uniformity in manufacturing
electrodes, the- American Welding Society
(AWS) and the American Society for Testing

 Materials (ASTM) have set up certain

requirements for electrodes. Thus,
different manufacturer's electrodes which
are within the classification established.
by the AWS and ASTM may be expected to have
the same welding characteristics.

In this classification, each type of
electrode has been assigned specific
symbols such as E-6010, E~7010, E-3010,
etc. The prefix "E" identifies the
electrode for electric arc welding. The
first.two digits in the symbol designate.- -
the minimum allgwable tensile strength of

. the deposited weld metal in thousands @f

pounds per square inch.
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For example, the 60 series electrodes 233
have a minimum pull strength of. 60,000
poundss per square inch; the 70 series, a
strength of 70,000’ pounds per ‘square inch.

The third digit of the symbol indicates
possible welding positions. Three numbers
are used for this purpose: 1, 2, and 3/
Number 1 is for an electrode which can be
used for welding in any position. Number 2
represents an electrode réstricted for
welding in horizontal and flat positions.
Number '3 represents an electrode to be used
in the flat position only.

The fourth.digit of the’ symbol simply shows
some special characteristic of the elec-
trode such as weld gquality; type of
current, and amount of penetration.

-

Several factors are vital when choosing an,
electroda for welding. The welding ‘
position is particularly'significant,

As a rule, never use.an electrode which has
a diameter larger than the thickness of the
metal to be wélded. Some operatbrs prefer
larger, electrodes because they permit °*
faster travel along the joint and thus ,
speed up welding, but this takes a 'lot of
skill. ’ . . -

Position and the type of joint are also
factors in determining the size of the
electrode. For example, in a thick metal
section with a narrow vee, a small diameter

electrode is always used to run the first weld

or root.pass. This is done to ensure full
penetration at the root of the weld.
Successive passes are then made with larger
electrodes. '

For vertical and overhead welding, 3/16
inch is the largest diameter electrode that
should be used;, regardless of plate thick=
ness. Larger,é;ectrodes make it too
difficult to control the deposited metal.

_For economy, always use the largest
.electrode that is practical for the work.

It takes about half the time to deposit a
quantity. of weld metal from 1/4 inch coated
mild 'steel electrodes than from'3/16 inch

>
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For example, the 60 series eléctrodes 233
have a minimum pull strength of. 60,000 ’
poundss per square inch; the 70 series, a
strength of 70,000 pounds per ‘square inch.

The third digit of the symbol ‘indicates
possible welding positions. Three numbers
are used for this purpose: 1, 2, and 3/
. Number 1 is for an electrode whlch can be .
. used for welding in any position. Number 2
-represents an electrode réstricted for
welding in horizontal and flat positions. .
Number 3 represents an electrode to be used .
in the flat position only.,

. The fourth .digit of the  symbol simply shows
s ’ some special characteristic of the elec-
trode such as weld gquality; type of
current, and amount of penetration.

N . ~ 20. sSeveral factors are vital when choosing an,
‘ electrode for welding. The welding )
position ‘is particularly significant.

As a rule, never use.an electrode which has
a diameter larger than the .thickness of the
metal to be welded. Some operatbrs prefer
larger_ electrodes because they permit *

: - faster travel along the joint and thus ,

£ ~ speed up welding, but this takes a "lot of
Sklll .

Position and the type of Jjoint are also
, factors in determining the size of the
' N electrode. For example, in a thick metal
. . f section with a narrow vee, a small diameter
\ electrode is always used to run the first weld
o« or root.pass. This is done to ensure full
. penetration at the root of the weld.
T Successive passes ak¥e then made with larger
" electrodes. o,

For vertical and overhead welding, 3/16
inch is the largest diameter electrode that
e ) shoudd be used; regardless of plate thick-
! ness. Larger jelectrodes make it too
‘ : difficult to control the deposited metal.

}

. .For economy, always use the largest

' .efectrode that is practical for the work.

- ’ It takes about half the time to deposit a
: quantity. of weld metal from 1/4 inch coated

mlld ‘steel electrodes than from'3/16 inch




electrodes of the same type. The 234 .

larger sizes not-only allow the use of |
higher currents but require fewer stops to "
change the electrode. ,
Deposition rate and joint preparation are s
also important factors that influence the

selection of electrode. Electrodes for e
welding mild steel are sometimes classified

as fast-freeze, fill-freeze, and fast-fill.
Fast-freeze electrodes produce a, snappy.
deep penetrating arc and fast-freezing
deposits. They are commonly called re-
verse-polarity electrodes.even though some’
can be used for AC. These electrodes have .
little slag and produce flat beads. They
are widely used for all-position welding
‘for both fabrication .and repair work.

Fill-freeze electrodes have a moderately
"~ forceful arc and deposit rate between those
of the fast-freeze and fast-fill elec~
trodes. They are commonly called the
~ "straight-polarity" electrodes even though
they may be used on AC. -<These electrodes
have complete slap coverage and weld o
deposits with distinct, even ripples. They
‘are the general-purpose electtode for s
production shop and are also widely used
for repair work. They can be used in all
pdsitions, though fast-freeze electrodes
are preferred for vertical and overhead
welding. \
'The fast-fif& group includes the heavy
coated, iron powder electrodes with soft
arc and fast deposit rate.. These -
electrodes have a heavy slag and produce
exceptionally smooth weld deposits. They
are generally used for production welding
where all work can be positioped for
downhand (flat) welding. °

Another.group,of electrodes are the low--
hydrogen type which contain little hydrogen'

in either“moisture or chemical form. These .
electrodes 'have outstanding crack resis-

‘tance, little or no porosity, and quality

‘x-rdy deposits. . :

: Weldiﬁg stainless steel requires-an -
electrode containing chrominum and: nickel.
All staipless steels have low thermal

0% : ] . /




conductivity. 1In electrodee, this 235
causes overheating and improper arc action
when“high currents-are used, 1In base
metal, it causes large temperature
differences between weld and the rest of
the work, which warps the plate. A basic
rule in weldlng stainless steel is to avoid
high currents and high heat in .the. weld.
Another reason for keeping the weld cool is
to avoid carbon corrosion.
There are also many special-purpose elec-
trodes for surfacing, welding copper and
copper alloys, aluminum, cast iron,
manganese, nickel alloys, and nickel- -
mangarese steels. Composition of the

electrodes is.usually designed to match the

base metal to be welded.

The basic. rule/in selecting eIectrodes is
to pick one which is as close to the base
metal as p0551ble. . o -

Keep electrodes in the sealed contalner'

until ready to'use them. Adir and moisture

in the air will comblne with chemicals in -
the electrode’ coverlng under most -
condltlons. .

The moisture turns to Steam as the elec—
trode is heated and hydrogen .in the, water
combines with chemicals in the covering.
When mixed with the molten metal, this -
changes the composition of the weld, which
wlll weaken it.

r

In “summary, keep your electrodes dry.

*v

.
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’

Symptoms ~ ,
- L]

Unstable arc, moves around,
drc does qut. Spatter
spread over work. " .
No penetratlon of the, weké/
Arc goes out oft n.

R . s ’
Arc Welding Difficulties

Causés -

Arc to long.,

PR

Too little current
for size of

."electrode.

3

Loud’ cracking sound from

arc. Flux melts too
rapidly. Bead wider and
thin: Spatter in large
drops.

W remains in balls. .
Poor weld. T '

,,’
.
o

Difficulty in striking t
arc. Poor penetration =’ :
making a poor weldd~: |

L N .
‘ ‘ . - . }
A\ J & \
Wweak weld. Arc hard to
make. Arc always
breaking. .

lntermlttent arg. 'May
cause arcing at the .
ground clamp.

‘o

size of electrode.
Could also be
m01§ture in elect-
ro¥e cheplng

for

Wrong electrode

the ,work,

> -

!‘ *

~Wrong polarity at

electrode holder.

.Uncleaned metal.

Too little current.

AT

Work not clean.

.
L4

v

Poor ground.’

\

N ‘ .
-TooO much current for 'Decrease

Correct the

poor ground.
‘Slow- down .
electrode .
movement.

" proper penetration

236
Remedies - -

Shorten arc for.

5
.

Increase
current.
‘Use smaller
‘electrode.

current.
Use larger
electrode.

Use proper
electrode
for metal to
be welded. .

Change p®-

larity, or

use AC in-

stead of DC |
current. >
Or, increase -
current. TNt

Clean work.

Remove all <
slag from

previous . .
weld.




‘C. Suggested Student Activities ' 237

1. BHave the students make a "check~ 1lst" for

. ~ the welders and equipment {(including
: ’ safety equipment) that should be checked
before beginning to weld. )
Have students look-at several arc welding
exercises. Ask them to describe or 'show
good welds, average welds, and some bad’
o : . . welds. Upon close examination of .the ’bad
” " welds, ask them to list possible causes -

, " , and what could have been done to correct

. the mistakes. - . : LY

\ . . . o Y s

1

N
.

.

1




'fHE ARC WELDING ELECTRODE
J" - .. ) 7.

.
+ rd

ELECTROOE COATING

BASE METAL
- THE ELECTRODE CARRIES THE CURRENT TO FORM
THE ARC AND ALSO.PRODUCES A GAS WHICH SHIELDS -
THE ARC FROM THE ATMOSPHERE, AND ADDS METAL
TO FORM THE WELD SHAPE .,

-

.. 486
TRANSPARENCY NVII-1-A




-+ - — OPEN CIRCUIT VOLTAGE

V4
MARC_VOLTAGE A
wl Tl —
\:S ) -
2
] SHORT CIRCUIT
VOLTAGE B8
P
| 9
AMPERES -
= g -
-HiGH OPEN CIRCYIT VOLTAGE --- = 0,

WHICH AIDS IN STARTING .THE ARC. As
WELDING PROCEEDS VOLTAGE DROPS TO
[F ELECTRODE

THE ARC VOLTAGE AT A,
. 1S SHORT"CIRCUITED ON. THE WORK, THE

CURRENT WILL NOT BECOME EXCESSIVE

AT POINT B,

-

487

~ TranspARency VII-1-B
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-
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SELECTOR
JoB SELECTOR

A GENERATOR DRIVEN BY EITHER A
GASOLINE OR AN.ELECTRIC "MOTOR

>

485

L ’TRANSB'/}RENCY ViI-1-C

“




Y

[}

P g

;/Gcmlro'ov

Mere Heot

On Work

STRAIGHT POLARITY (DCSP) ~
]
s
Generotor
L4
-

Less Heat

On Werk

REVERSED PQLARITY (DCRP)" '

. - DIRECT CURRENT STRAIGHT POLARITY

- DIRECT CURRENT RESERVE POLARITY'

, fc 489
TrANSPARENCY VII-1-D




S

. aRC—
BOOSTER
SWITCH

CURRENT
ADJUSTER

TRANSFORMER WELDING MACHINE PRODUCES
ALTERNATING CURRENT,

L

430

TRANSPARENCY VII-1-E.




RECTIFLERS -- CHOICE OF CURRENTS
;TR .

L )

RECTIF1ERS PROVIDE DC CURRENT
oNLY OR BoTH DC & AC wetDING A
CURRENTS

491

TRanspPARENCY VII-1-F




PARTS OF THE ELECTRODE HOLDER

‘;—L
REPLACEABLE

JAW SPREADING
LEVER

SPECIAL
INSULATOR

492
TranspARENCY VII-1-6 -




Work Bench

Ground C’)"t

EOLTED TACK WELDED

WITHOUT PROPER GROUNDING, THE FULL POTENTIAL OF
THE CIRCUIT WILL ¥AIL TO PROVIDE THE REQUIRED
HEAT FOR WELDING- ' '




*

LEATHER
SLEEVES
PROTECTIVE -
SHIELD
LEATHER
SLoves PROTECILYE
0 R
J. . o L-__l—'-nl ,
PROTECTIVE CLOTHING SHOULD INCLubg:
GLOVES, LEATHER SLEEVES, LEATHER OR -
ASBESTOS APRON, HEAVY SHOES, AND A , -
PROTECTIVE. CAP, S S 3
~ -

w K L - 494 | n
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HORIZONTAL

VERTICAL < . OVERHEAD

, Y 495

TRANSPARENCY VII-1-J




-

b

~
BUTT JOINT - SINGLE V-JOINT o‘o‘mw'y_jomr P e T
n i 6 . -
SINGLE BEVEL JOINT . DOUBLE BEVEL JOINT,
»
- )
DOUBLE F‘ILLE%-LAQ JOINT
DOUBLE STRAP JOINT SINGLE FILLET T-JOINT ‘ DOUBLE FILLET T-JOINT
— }—3/32" 10 18" A
| \/
CLOSED JOINT- OPEN JOINT VEE JOINT
! . o .
60v ) ‘0'\ 60° i -
\( 7 VI 70 1/3"1 ( / 2 T0 V- \< 7/ | HOULOER
V4 ) Sy Y4 = o .
FEATHER EDGE . ¥ ‘souLoer Eeoce - ! Dowsie vee sowr - - ¢
18" DR WORE : * ' 14" OR MORE ' ‘




e - A
.
. . .

TWO METHODS USED TO START THE ARC - -

4

ESTABLI
ARC *' .

-

8§ ARC ]
LENGTH . .

SCRATCHING METHOD- " ' o

Q-
FRISH

\

STARY

’ 1/8” ARC
maPD ) ‘
DOWN AND o LENGTH . % .
UP MOTION . { J . o

TAPPING METHOD

Transparency VII-1-L ' .

-
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-

SPEED - ARC
TOO sLow TOO LONG

- .

CURRENT ™ CURRENT
100 Low T0O HIGH

[y

+ ‘- i 4
SOME' OF 'THE REASONS WHY ALL WELDS DO NOT APPEAR S
" AS THE NORMAL WELD SHOWN ABOVE ARE GIVEN WITH AN
EXAMPLE OF EACH, ‘ '

*

N

o 498 - R
. Jnansparency VII-1-H




UNDERCUTTING AND OVERLAP -

.

— ~N
UNDERCUT
POOR )
WELD BEAD S
: ' 4
OVERLAP

POOR . .
WELD

£

POOR 7, , .
WELD

OVERLAP

’ NO OVERLAP
GO0 f@
WE .

GOOD .
PENE TRATION

’

TransPARENCY VII-1-N
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AN P A . .
- L
- *

14

vI,I . . S 5 ‘

- ’ 1 ' ’
~ -~ LCAD ANGLE : .

WORK AMGLE

LEAD ANGLE —-,AgeLs'ﬁETWEEN JOINT AND ELECTRODE WHEN
VIEWED IN A LONGITUDINAL PLANE

HORK ANGLE -- ANGLE BETWEEN THE ELECTRODE.AND THE WORK-.
- VIEWED' FROM AN END PLANE

’

. Transparency VII-1-0
806
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TYPES OF WEAVING TECHNIQUES AND- PATTERNS

\

_Transparency VII-1-R




ELECTRODE ~41\‘f11,,-EXTRUDED COATZNG

MOLTEN POOL GASEOUS SHIELD

. COATING IS
DEPOSITED
AS SLAG

TR;\NSPARENCV VII-1-S -

I T
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INSTRUCTIONAL;AREA:QQ AgricﬁlturaI“Mechanics
INSTRUCTIONAL UNIT VII: Arc Welding
Lesson 2: Shop Exercises in Arc Welding

I. Preparation for Instruction
| A, Student Objectives

. 1, Terminal: Demonstrate the skills requlred
) v// for each welding exercise.

2. Specific:

a. Demonstrate ability and skills required
to strike an arc, start the bead, stop
the bead, and to restart the bead.

b. Demonstrate ability and skills required
in running a bead in the flat position.

.c. Demonstrate ability and skills required
in running a bead in the horizontal
position.

d. Demonstrate ablllty and skills required
,2in running a bead 1n the vertical
position:
1y Vertical down, and

~2) Vertical up.

e. Demonstrate ability and skills required
in running a bead in the overhead
position.

.,

B. Review Teaching Material

1. Phipps, L.J. Mechanics in Agriculture.
Danville, Ill.: Interstate Publishing,
1977.

2. McCoy, V.L, and T, J. Wakeman. The Farm
Shop. New York: MacMillan Publishing
Company, 1960.




II.

C. Special Arrangements 243

1. Arc welders and egquipment, and

2. Mater;als as indicated in each exercise.

. Y
Presentation of Lesson

A. Motivation
-To become prof1c1ent in arc weldlng, the
student must master certain basic steps and
skills. This lesson will give a beginner
exercises that are needed to master tpe skills.
The exercises are so arranged that none-are
éxtremely difficult to accomplish, with each
exercise building and adding on to the’previous
skills acquired.

. S‘li:,'

C




B. Content Outline l J 244
1. Procedure for running beads in various
positions. Acquiring skills necessary to
run a bead by using paper and pliers to
practice the arc welding procedure.
Proceed as follows:

.
1
4

a. Prepare a piece of paper as shown in
Transparency VI&—Z-A. For 1/8" o
electrode allow 5/16" ‘'space for bead;
for a 5/32" e1ectrode allow 25/64"
space for bead; for a 3/16" electrode
allow 15/32" space for bead.

b. Clamp a pencil in E set of pliers, .~
electrode holder, or a mock-up of an
electrode holder (ghy be made of a
piece of wood or other material).

-

c. Support hands in a comfortable welding
posltlon. Learn to use both hands.

d. Lean the pencil 15-20 degrees in the *
direction of travel. | ~ ) ;e

e. Using a weaving motion and enough
pressure on the pencil to make light
marks, begin on one-ef the three bead
spaces drawn on the: paper; continue
completely across t?e length of the
bead space. Repeat!for each bead size .
and direction. B

.

f. Draw three stralghtgllnes on the paper;
on one line, weave as though it were a
1/8" electode; on*ti% second line .
proceed as though it were a /32" . ‘
. electrode; and the third liné as though
it were a 3/16" €dlectrode. heck to
ensure proper weld width. Repeat these
steps as.many times as necessary.
2. Starting, stopping\and restarting the
electrode. The following materials will be S
needed for this exercise: NS
o - -~ - )
1 piece of clean, mild steel, 3/16” X.2" X
12" ,

1/8" electrodes, E-6013 - “.. S
‘Weldlng amperage in the range of 115-145 oo
Substitutions for material) llsted above
may be made at. the- -discretion of the

’ teacher. , 5 ()6‘ ?
. : T




-

I3

. a. Place electrode in:- 60 degree ' 245
‘ ) _ ' groove of the electrode holder's jaws.
b. 'Grlp holder.in rlght hand, support it
~with the left. .

c. Strike the arc (use the scratching - :
"method, much like striking a match) . % .
_*}without leaving a mass of weld deposit
(metal)” at the beginning of the fead.
Immedlately after striking the arc,
hold the electrodé vertically about
1/4" from the base metal for a count of
2 to form a molten puddle and to pre-
heat the metal. When the puddle is
oo formed, lower the electrodg to within
v - 1/8 in of the base metal (diameter of
the electrode). Angle the electrode 15 -
- ’ degrees and start laying a bead to your

, rlght. . . -
h$%‘ . d. To eliminate a crater belng formed at,
1 ) : the end of the bead, follow these
s : ' steps:
¢ N ’ N
. 1) Lower the electrode close to the ' -
. o . molten puddle in a vertlcal ’
position. .
. 2)7 Hold for a 4 to 7 count to f£ill the .+ 4
v ' crater. .
e . 3) When, a crater is filled, raise the
R electrode quickly, which breaks the .
: : ) . arc. . -,
i — B /

e. To restart~a bead oncd the arc has beén
. broken (for any reason), proceed as ;
. - ’ follows: /

” . -

1) Cleag the slag, and ;

2) Follow the procedure in "c" above.

3. ‘Weldlng in the flat position, the follow1ng
materlals w1ll be needed-

- - ' 1 piece of mild steel, 3/16" X 5" X 10" oL
N Cos cleaned (free from rust). e,
¢ N 1/8" electrode for 3/16" plate or 5/32" . >
e ' electrode for 1/4" plate; E-6013.
Welding amperage in the range of 115-170
e ,Subst;tutlons for‘materlals listéd above -
- maybe made’ at the 613cret10n of the
L teacher, ;
Q

e e e \'




éroceed as follows: ' — 246
-/ a. Place;@etal‘on a.flat’su;face.

b. Pllce electrode in 60 degree groove of L
electrode, holder until first hallif of T ]
the electrode is used; ‘then in the 90 a
degree groove. Proceed-as follows:. i

’ 1) First layer: welding at about 130 ,
i * amps, begin at top left corner; lay

| the bead from left to right; angle
electrode approximately 15 degrees
in the direction of travel. Con-
tinue running beads across the
length of the plate; completely .
fill-up the plate with beads,
lapping each bead approximately .o
half of it %width, except the last ;-
bead. Clean each bead as it is .
completed before laying the next .

N bead.

2) Since the plate is now thicker than «

- when this exercise started, in- -

crease the ,amperage approximately
. 10-15 more amperes. Divide the

plate in half with a piece of

chalk. Begin at the top, holding

the electfode approximately 15
 degrees in the direction of tr el,

and weld toward the bottom of

plate (toward the person doing the
- welding),; welding the bead to o,

within 1/2" on the bottom.. This

142" is to allow exposure of the

first layer. Continue welding from

top to bottom by completely filling
A up half of the pad.. On the other .
" \haif of the pad or plate, weld away "
'or wgld from the bottom to the top, -
. starting each bea /2" from the

‘ . i .
3) . Third layer: inc se the amperage

. approximately 15 eres to allow LA
y . for the thickness |o “¥he pad. This" e
ey . timé cover all of jthe plate except . | RN
: ' 1"iat the bottom. | Run the beﬁés L
fr?m right to le L. .
. The plate will becOme ’urvea'(beGEuse S “:'é

of the heat) with all three. layers: e R
exposed when the projedt lS completed. Yo
(Eransparency VII~2~B)'
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4, Welding in the horizontal position,

e followiny ‘materials will be needed:
: ~
-1 piece of mild steel, 3/16" X 5" X 12"

Electrodes, 1/8" and 5/32*, E-6013
Amperage range of 115-130 for 1/8"
electrode and range of 125-170 for 5/32"
electrode. ¢

Proceed as follows:

»

a. Clamp the practice plate to the table,
or position it so that it will be in
“the upright position (may weld it to ¢
another piece of metal or use a welding
p&;itioner as shown in Transparency
VIX-2-C). ‘ ‘

Beginning at the bottom left corner of
the plate, lay a bead across the widtH
of the plate. Practice starting and
stopping as in the second exercise. If
the beads are welded corrgptly (mdking
sure to lap every bead about half its
width and holding a close arc), the
beads will not have to be cleaned. The

slag will fall off ih sheets when it
cools. Continue mgking the beads until
the top is reached, making a solid

layer.

Dip the plate in water, approximately
at the time that’ two electrodes have
béén used up (cool the plate at least
once for every two electrodes used).

. Make sure that gloves and tongs are
used (thesteam can seriously burn
hands) to submerge the plate.

- Weldihg in the vertical down position, the
following materidals will be needed:

1 piece of mild steel* 1/4" X 2™ X 10"

Electrodes, 1/8", E-6011

Amperage approximately 115 amperes

Substitutions for materials listed above
maybe made at the discretion of the
" teacher. ’

-

Proceed as' follows:




P -

a. Secure the plate in the vertical 248
position. Place.the electrode in the
120 degree groove of the electrode
‘ holder and angle it at 15 degrees in ;
the direction of travel. '

b. Start the bead in the.'upper left-hand
corner of the plate; weld downward to
the bottom. Keep the. arc short. Move

- fast enough to be ahead of the downward
movement of slag. - If the electrode
g ‘sticks, increase the amperage. If the
¥ base metal tends to run, check the
length of the arc; remember, it has to
be a short arc. /

c. Make beads 1/4" apart until they cover

the plate. A good way to check to see

if proper penetratlon is occurring is .
to saw the welds in half and examine

the depth of penetration.

t

6.. Another exercise in welding is the vertical
down position. The following materials
will be needed:

-

1 piece sheet metal, 1/16“ X 6" X 6"
Electrodes, 1/16" and 3/32", E-6013 ¥

Amperage in the range of 50-70 amperes for -
- 1/16" and 60-90 amperes for 3/32"
electrodes,

Substitutions for materials listed above
maybe made at the discretion of the
teacher. -

Proceed as follows:s
a. Follow the procédure as in step "a" in
' the procedure above.

+ ., b, Start the arc, move electrode to a N
distance of 3/16“ from the base metal; o
this long~an ‘arc is needed to préheat R
T the metal., - If atc continually goes K : ' , ..}
out, increase the amperage sllghtly. R T

c. Start the bead in the,upper lefthand L
* . corner, welding down.- Increase thé cev
speed and motion if the electrode is St
butning a hole, ini the base metal. &n "o . ]
individual may have to’ practite .this a A
few tlmes to get it right. o “ SR

-

L PP
- oy hid 4 - -f ,‘ St
, e e .
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-Clean the beads; they should 249
look like the vertical down beads in
the previous exercise except they will
have slightly less penetratlon.

Run the beads approximately 1/4" apart
until the plate is covered. It is
suggested that an individual-vary ‘the
speed, changerthe weaving motion, and
change the eléctrode angle occasionally
to * observe thétxesulqs of such —
changes. ’

»

Welding in the vertical up position, the
following materials will be needed: .
1l piece of mild steel, 1/4" X 2" X 12"
Electrodes, 1/8", E-6011 °

Amperange range ‘of 105-130 amperes

Proceed as follows:*

a. Secure the plate as before | (vertlcal
p051t10n)

b. Place.the electrdode in the 120 degree
groove of the electrode holder. ;

Start at the bottom left-hand corner of
the plate and run the bead upward. -

Start with a long arc to heat the base
metal; then on half of the plate, lay
practice beads up to 1/2" in width,
using a regular weaving motion. Use
the other half of the plate.for beads
over 1/2" in width.

¥

For all the beads, try to get maximum
penetratlon and 'try to keep the metal
from sagging. For beads 1/2" and under
in width, the rise should not be any
greater than 1/8"; for wider beads, not
more than 3/32" in heLght.

Weldlng in the overhead p051t10n, the
following materials will be needed:

1 piece of mild steel plate, 1/4" X 2" X
12" ,

Electrodes, l/8", E-6011

ﬁ‘perage range from 100~120 amperes

Cs1g
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" Substitutions for materials listed 250
above maybe made at the discretion of the
teacher. L . .

a. Secure the practice-plate in an
overhead position. The welding. ~
positioner is especially useful for 4
this exercise. Be sure take extra .~
.precautions for protection against hot
dripping molten metala ! '

IS

Place ‘the electrode in the 180 degaﬁe
groove of the holder. ; .

Strike a long arc, and hold'to a six
count to help preheat the practice
plate. . If the electrode sticks,
increase the amperage.

J
Use a we&ze/ﬁattern as in previous
exercises.

Do not practice for long periods of
time. At the end of 30 “minutes, take a
five minute break.

£. TCheck the effect of each movement in
the weaving pattern.

Any number of exercises in arc welding can
be derived by adding or changing any of the
varffbles listed above in exercises 1-8.
The following is a list that may be added
to the above exercises as skills are
developed by the individual students:

a. Butt welds in the flat position:
1) Square butt weld,

2) Single-vee butt weld, and'

3) ‘kouble-vee butt weld.

Butt welds in other positions:

‘1) Double-vee butt weld “in vertical
position, ’ S

2) Single-veé butt weld in overhead
position, and.

Single-vee butt weld in
horizontal position.




-

-
<
o oA -

‘c. *Fillet welds in flat position: 251
1) lap weld, and ‘
2) Tge-join% weld.
d. Fillet welds in vertical position
1) Lap weld, and
2) -Tee-joint weld _. - :
Suggested Student Activities
The’suggested student activity is for the
individual students to perform the exercises as
listed above (at the discretion of the tepacher,

these exercises can be modified in several .
ways) .
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PREPARE PAPER GHARTS LIKE THIS FOR PLIER- AND-PENCIL
(SPACE BETWEEN LINES IS BEAD SIZE),

ELEclaQnE_&uE‘_uguﬁs_ALLmn_EQ&ﬁzAcﬁ

1/8 P 5/16-
5/32 25/64 SR
3/16 15/32 =)

- Transparecy VIT-2-A '




SYARTING AND STOPPING THE ARC

T | |
Ay 75\° :
N ) a—

rzzazzzzzab__::;;szi’”z

90° c
T T PP 2P 0P —\- ’ s .
- ¢

~

0
A- STRIKE; HOLD ELECTRODE VERTICAL 1/4” ABOVE METAL, FOR g
A. COUNT OF TWO, TO FORM MOLTEN POOL. —, 7
B- WHEN POOL 1S FORMED, TILT ELECTRODE; START BEAD :
: b
C- RESTARTING BEAD - ‘ . N

. D- To STOP, HOLD CLOSE ARC FOR 4-7 COUNT TO FILL CRATER; -
RAISE QUICKLY TO BREAK ARC , .

T—_ \\‘\\\\mﬂm\\\\wﬁ“ “\
UBIBMERAPRRNY  3R0,
LAYER \ y

10" = S : T ]
. = D)) 0
I SN Z 2ND,
4d (i YLAYER

%i SR 4 - —~_
. __L%._ i £ LAYER '
— g~ N
t:zz <" ' ‘
ExerciSE PLATE FOR ARc WELDING -
515 :

IéANspARENcy VI1-2~B




WELDING POSITIONER

. ) 'An

, ol
, [ Cut hole I-1/2" diameter _]
' in center ‘

36"

I

BILL of MATERIALS

N -24" Disc

I'of 2" Pipe’

6 of I-1/2" Pipe

i - 174" Plate - 14" diameter ,
3-5/8"x 1-1/2" U.S. Machine Bolts

/2" Pipe

Drill 3/4" i

set sc

2 Pipo

8/8" Top with 5/8"x /2" us
machine bolt

,va" s" Rod
B ) ".'w“(l‘d‘

- Transparetoy VIT=2-Cf -
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o
A Hor1zZONTAL VEE-BUTT WELD

7

TratspaReNcy VIL-2-D /




