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FOREWORD

Basic Drafting: Book Two is the second volume of a series of drafting materials being
produced by the Mid-America Vocational Curriculum Consortium. This book and Basic
Drafting: Book One comprise the basics necessary to be employed in a drafting occupation.
Areas of specialization such as Mechanical Drafting and Architectural Drafting are being
written as supplements to be used with this book.

The success of this publication is due, in large part, to the capabilities of the personnel
who worked with its development. The technical writers have numerous years of industry as
well as teaching,and writing experience. Assisting them in their efforts were committee
representatives who brought with them technical expertise and experience related to the
classroom and to the trade. To assure that the materials would parallel the industry environ-
ment and to be accepted as a transportable basic teaching tool, other organizations and
industry representatives were involved in the developmental phases of the manual. Apprecia-
tion is extended to them for their valuable contributions to the manual.

This publication is designed to assist teachers in improving instruction. As this publi-
cation is used, it is hoped that the student performance will improve and that students will
be better able to assume a role in their chosen occupation. Every effort has been made to
make this publication basic, readable, and by all means usable. Three vital parts of instruc-
tion have been intentionally omitted: motivation, personalization, and localization. These
areas are left to the individual instructors who should capitalize on them. Only then will this
publication really become a vital part of the teaching-learning process.

Instructional materials in this publication are written in terms of student performance
using measurable objectives. This is an innovative approach to teaching that accents and
augments the teaching/iearning process. Criterion referenced evaluation instruments are

- provided for uniform measurement of student progress. In addition tc evaluating recall

information, teachers are encouraged to evaluate the other areas including process and
product as indicated at the end of each instructional unit.

It is the sincere belief of the MAVCC personnel and all those members who served
on the committee that this publication will allow the students to become better prepared
and more effective members of the work force. If there 1s anything that we can do to help
this publication become more useful to you, please let us know.

- Merle Rudebusch, Chairman
Board of Directors
Mid-America Vocational
Curriculum Consortium
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PREFACE

Basic Drafting: Book Two is the second of two publications designed to include the
content necessary for employment in an entry level drafting occupation. Originally intended
as only one volume, the separation of Basic Drafting into two books was done in order to
reduce the size of the materials. The result is two books that are shorter, more handy to
carry, and much more convenient to work with.

In a time when educational costs continue to rise, a lower priced text will be welcomed
by teachers and students alike. But more than that, curriculum materials presented in such a
comprehensive size will be easier to adapt to speciality programs with industry and adult
education.

There has never been a MAVCC publication in which we failed to request that teachers
and educators let us know how the curriculum is working cut in the classroom. Teacher
response to date has helped make the MAVCC format the most solid in vocationa!-technical
education, and this new, comprehensive publication of Basic Drafting should prove once
more that as MAVCC continues to publish, we also continue tc listen--and respond.

Ann Benson

Executive Director

Mid-America Vocational Curriculum
Consortium

vii
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USE OF THIS PUBLICATION

-

Instructional Units

Basic Drafting: Book Two includes twelve units. Each instructional unit includes some
or all of the basic components of a unit of instruction: performance objectives, suggested
activities for teachers and students, information sheets, assignment sheets, job sheets, visuat
aids, tests, and answers to the test. Units are planned for more than one lesson or class
geriod of instruction. ’

Careful study of each instructional unit by the teacher will help to determine:

A. The amount of material that can be covered in each class period
B. The skills which must be demonstrated

1. Supplies needed

2. Equipment needed

3.  Amount of practice needed

4. Amount of class time needed for demonstrations
C. Supplementary materials such as pamphlets or filmstrips that must be ordered
D. Resource people who must be contacted

Objectives

Each unit of instruction is based on performance objectives. These objectives state the
goals of the course, thus providing a sense of direction and accomplishment for the student.

Performance objectives are stated in two forms: unit objectives, stating the subject
matter to be covered in a unit of instruction; and specific objectives, stating the student per-
formance necessary to reach the upit objective.

. Since the objectives of the unit provide direction for the teachinglearning process, it
is important for the teacher and students to have a common understanding of the intent of
the objectives. A limited number of performance terms have been used in the objectives for
this curriculum to assist in promoting the effectiveness of the communication among all
individuals using the materials. '

Following s a list of performance terms and their synonyms which may have been used
in this material:

Name Ident:fy Describe

Label Select Define

List 1in writing Mark Discuss in writing
List orally Point out Discuss orally
Letter Pick out Interpret ,
Record Choose Tell how

Repeat Locate Tell what

Give Label Explain




Transparerrcy Masters
N . . .
Transparency masters provide information in a special way. The students may see as |
well as hear the material being presented, thus reinforcing the learning process. Transparen-
cies may present new information or they may reinforce information presented in the in-
formation sheets. They are particularly effective when identification is necessary.

Transpatencies should be rpade and placed in the notebpok where they will be imme: |
diately available for use. Transparencies direct the class's ajtention to the topic of discus-
sion. They should be left on the screen only when topics shown are under discussion.

-~

Job Sheets

Job sheets are an important segment of each unit. The instructor should be able to
and in most situations should demonstrate the skills outlined in the job sheets. Procedures
outlined in the job sheets give direction to the skill being taught afd allow both student and
teacher to check student progress toward the accomplishment of the skill. Job sheets
piovide a ready outline for students to follow if they have missed a demonstratior. Job
sheets also furnish potential employers with a picture of the skills being taught and the
performances which might reasonably be expected from a person.who has had this training.

Assignment Sheets

Assignment sheets give direction to study and furnish practice for paper and pencil
activities to develop the knowledges which are necessary prerequisites to skill development.
These may be given to the student for completion in class or used for homework assign-
ments. Answer sheets are provided which may be used by the student and/or teacher for
checking student progress.

-

Test and E valuation

Paper-penciyand performance tests have been constructedto measure student achieve-
ment of each obkective listed in the unit of instruction. Individual test items may be pulled
out and used as a$hort test to determine student achievement of a particular objective. This
kind of testing mqy be used as a daily quiz and will help the teacher spot difficulties being
encountered by sfudents in their efforts to accomplish the unit objective. Test items for ob-

¥ the teacher should be constructed and added to the test.

. Test answers -are provided for each unit. These may be used by the teacher and/or
student for checking student achievement of the objectives.

-




BASIC DRAFTING: BOOK TWO

‘ INSTRUCTIONAL/TASK ANALYSIS

- JOB TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)

RELATED INFORMATION: What

the Worker Should Know
(Cognitive)

: UNIT I: SKETCHING TECHNIQUES

7. Sketch straight lines
8. Sketch arcs
9. Sketch circles

10. Sketch an object using arcs
and circles

11s Sketch an ellipse

1.

Terms

Purposes of sketching
Rules in sketching
Types of sketch views
Proponio}wing a sketch

Meaning of lines

UNIT I1: GEOMETRIC CONSTRUCTIONS

7. Bisect aline and an arc

8. Bisect an angle

»

1.
2.
3.

Terms

Types of angles
Circuiar sh‘apes
Polygons and diagonals
Basic geometric shapes

Interpreting degrees in a circle

-




23.
24,
25.

26.
27.

1.

12.

13.

14.
15.

16.
17.

18.
19.

20.
21
22.

/ {

JOB TRAINING: What the
Worker Should Be Able to Do

N\

10.

Oraw parallel lines

Construct a perpendicular line
to a line from a point

Divide a line into equal parts

Draw a lin¢ perpendicular through
s pointon aline

Draw an arc tangent to a straight line
and an arc

‘raw an arc tangent to two A'CS
Construct a triangle with sides given

Construct a right triangle

Construct an equilateral triangle
with one side given

Inscribe a hexagon inside afcircle

Construct a circle through three given points )

Construct a pentagon by inscribing

Draw an arc tangent to an acute angle
and an obtuse angle )

Draw an arc tangent to a right angle
Draw an involute of a circle

Draw an ellipse using the approximate
ellipse with compass rethod

Draw a parabola

Join two points with a parabolic curve

RELATED INFORMATION: What
the Worker Should Know

UNIT I11: ORTHOGRAPHIC VIEWS

Xvi

1. Terms
2. Types of projection systems

3. Projection symbols




JOB TRAINING: What the
. Worker Should Be Able to Do

10.
1.
12.
13.
‘ 14.
15.
16.
17.

18.
19.

Identity types of planes in orihographnc
views

Identify projection lines in orthographic
VIews

Construct a top view

Construct o front view

Construct a right side view

Construct missing hidden lhines

Construct missing visible and hidden lines
Construct circles and arcs using a template
Make a two-view sketch

Make a three-view sketch

Construct a one-view drawing

onstruct a two-view drawing ’

Construct a three-view drawing

Construct a runout

Construct a point in an orthographic view
Construct a line in an orthographic view

Construct a plane in an orthographic view

RELATED INFORMATION: What
the Worker Should Know

4. Views in orthographic
projectiork

5. Types of planes

6. Line precedence

UNIT IV: DIMENSIONING PROCEDURES

1. Terms

Size and shape descriptions

Types of dimensions

Types of lines




JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

5. Rules for lines

6. Dual dimensioning

7. Placement of dimensions
8. Finish marks

9. Notes

10. Superfluous dimensions

11. Standard machine manufac-
tured features

12. Construct arrowheads

13. Dimension arcs

14. Dunension angles

15. Dimension curves

16. Dimension rounded end shapes

- 17. Dimension spherical objects

18. Dimension cylindrical objects

19. Dimension cones, pyramids, and prisms

20. Dimension features on a circular
center line

21. Dimension a theoretical point of
intersection

22. Dimension an object using a rectangular
coordinate system

23. Dimension an object using a polar
coordinate system

24. Dimension an object using a tabular
coordinate system

25. Dimension an object using an ordinate
dimensioning system

26. Dimension an object using proper
dimensioning rules and correct
techniques to completely describe
the object

LX)
<h
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JOB TRAINING: What the

Worker Should Be Able to Do the Worker Should Know

10

1.

UNIT V: BASIC TOLERANCING
1. Terms
2. Type of fits
3. Limit dimensions

4. Types of dimensioning
systems

Interpret decimal tolerance dimcnsions

Calcu'ate and dimension clearance fit
tolerances of mating parts

Calculate and dimension inte. ference fit
tolerances of mating parts

Calculate and assign tolerances to mating
parts using standard fit tables

Construct a drawing using datum dimensioning
UNIT VI: AUXILIARY VIEWS
1. Terms
2. Views
3. Projectio.' of measurements

4. Locations of reference line

Label points and planes of a three
view object

Construct a primary auxthary of an
inchined plane

Construct a true size auxihiary ot a curved
surface

Construct true length of an oblique line
Determine the true angle and slope of a line
Determine the true angle between two planes

Determine visibility of crossing skew lines
In space

xix

RELATED INFORMATION: What



JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do the Worker Should Know

12. Determine the visibility of a line and a plane
that cross in space

13. Locate piercing point of a line and a plane

14. Construct a secondary auxiliary view of an
object .

15. Construct point view of a line

16. Determine true angle between two planes in
a secondary auxiliary

17. Construct a true size auxiliary of an
oblique plane

18. Determine shortest distance between a
point and a line

19. Determine shortest distance between two
skew lines

UNIT VII: SECTIONAL VIEWS
1. Terms

Types of sectional views

2

3. Material symbols

4. Rules in sectioning
5. Conventional breaks

6. Construct various material symbols
in section

7. Construct a full section_of an object
8. Coﬁstruct_a half section of an object
9. Construct an offset section of an object
10. Construct a broken-but section of an object
11. Construct a removed section of an object
12. Construct a revolved section of an object
/ 13. Construct a rib section of an object

14. Construct an aligned section of an object
with holes, ribs, or spokes

15. Construct adjacent parts in asssembly section




O

JOB TRAINING: What the RELATED INFORMATION: What
‘ Worker Should Be Able to Do the Worker Should Know

16. Construct conventional breaks
17. Construct an assembly section
UNIT VIII: INKING TOOLS AND TECHNIQUES
1. Terms
Types of drawing inks
Use and care of technical pens

Precautions when using ink

Tips for working with ink

I A o

Alphabet of ink lines

7. Draw and erase ink lines on vellum
or tracing cloth 4

8. Draw and erase ink lines on polyester film
9. Complete steps in inking a drawing or a tracing
' 10. Fill clean technical and pocket model pens
11. Refill a technical pen

12. ,Clean technical and pocket model pens
using the standard cleaning method

13. Clean a technical pen with an ultrasonic cleaner

UNIT IX: AXONOMETRICS

1. Terms

2. Types of axonometrics
3. Positions

4. Plane surfaces

5. Rules in constructing

isometrics

6. Rules in dimenstoning
isometrics

7. Sketch an isometric drawing

. 8. Sketch isometric circles

‘ XX1
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JOB TRAINING: What the RELATED INFORMATION: What
Worker Should Be Able to Do . the Worker Should Know

8. Construct an axonometric drawing by
box method

10. Construct angles on an isometric
11. Construct isometric circles and arcs

12. Construct isometric curves by coordinates .

13. Measure in isometric by offsets

14. Construct an isometric in the center of a
drawing media

UNIT X: OBLIQUE

1. Terms

2. Typesof oblique drawings

3. Positions

4. Rules in constructing oblique ]
drawings '

5. Rules in dimensioning oblique

drawings
6. Sketch an oblique
7. Construct an oblique drawing by
box method .
8. Measure in oblique
9. Construct angles on an oblique object
10. Construct oblique circles
11. Construct oblique circles in depth plane
12. Constr't;ct an oblique drawing in the center
of a drawing space
UNIT XI: PERSPECTI\./E
1. Terms

. Types of perspectives

2
3. Types of perspective views
4. Perspective equipment

5

~ Lines and points

‘ xxii




‘ TOOLS, MATERIALS, AND EQUIPMENT LIST

Standard triangles
Compass
Divider
Protractor
Irregular curve
Drafting machine or parallel bar
Adjustable triangle
V-track drafting machine
Elbow drafting machine
Sheet of vellum without a watermark
Nonabrasive hand eraser
Drawing pencil with soft lead
Lead holder or pencils .
Lead pointer
Drawing paper or media
Pencil pointer
Paper towel or cleaning cloth
Braddock Rowe triangle
Drawing surface or table
Ames type lettering guide
Drafting tape
Horizontal machine scale
Vertica: machine scale
’ ) Scale wrench
Hex wrench
Architect scale
Metric scale
Technical pen
Ink
Standard fit tables
Lead
Triangles 45°, 30° 60°
Cleaning solution
. Lint-free cloth or tissue .
Ultrasonic cleaner ”
Ultrasonic cleaning fluid
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SKETCHING TECHNIQUES
®

o UNIT OBJECTIVE

¥ 7

After completion of this unit, the student should be able to state the purpose and proced-
ures for various types of sketching. The student should also be able to sketch straight lines,
arcs, circles, and ellipses. This knowledge will be evidenced by correctly performing the
procedures outlined in the assignment sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:
1. Match terms related to sketching techniques with their correct definitions.
State purposes of sketching.
Select true statements concerning rules in sketching.

Arrange in order the steps in completing a drawing. -

2
3
4
5. List two types of sketch views.
. 6. Select true statements/ concerning guidelines for sketching straight lines.
7. Arrange in order the steps for sketching arcs.
8. Arrange in order the steps for sketching circles.
9. Match methods for sketching ellipses with their procedures.
10. Arrange in order the steps for blocking in a view.
11. Select true statements concerning factors in ce%line usage.
12. Define two methods for proportioning a sketch:
1 \;in three ways to interpret the meaning of lines.

14. \Demonstrate the ability to:
a. Sketch straight lines.
b. Sketch arcs.

c. Sketch circles.

¢
d. Sketch an object using arcs and circles.

. e, Sketch an ellipse.

[\
~ -




SKETCHING TECHNIQUES
UNIT |

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information ana assignment sheets.
Make transparencies.

Discuss unit and specific objectives.

Discuss information and assignment sheets.

Discuss advantages and disadvantages of sketching.

Demonstrate'to the class the techniques used in making a field sketch.
Practice sketthing techniques. \f\

Give test.
INSTRUCTIONAL MATERIALS

Included in this unit:
A. Objective sheet
B. lnformation sheet
C. Transparency masters

1. TM 1..Straight Line Sketches

2. TM 2--Sketching Arcs, Circles, and Ellipses

3. TM 3--Steps in Blocking in a View

4. TM 4-Proportion in Sketching

5. TM 5-Meaning of Lines
D. Assignment sheets

.1. Assigr;ment Sh'eet #1-Sketch Straight Lines

2. Assignment Sheet #2--Sketch Arcs

3. Assignment Sheet #3--Sketch Circles

4. Assignmen; Sheet #4--Sketch an Object Using Arcs and Ciscles

5

. Assignment Sheet #5--Sketch an Ellipse



4
v
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E  Test e
F. Answersto test _ ) . “ *
s
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SKETCHING TECHNIQUES
UNIT |

INFORMATION SHEET

Terms and definitions

A,

WX

J.

~
~

FA .
A picture is worth a thousand words--A concept used by drafters, architects,
and engineers to express an idea on paper so that it can be undersiood by
other people involved ¢ .
Freehand technical sketching-Making a drawing without the use of instru-
ments, yet with care taken to obtain the correct line widths ’

(NOTE: The drawing must nbt be crude or sloppy.)
Radius--The distance from the cen.ter point of a circle to the outside circum:

ference -

Diameter--The distance -across a circle passing through its center point

+ Afc--Any portion of the circumference of a circle

Ellipse--A foreshortened circle having a major axis and a minor axis

Sketch lines--Freehand connections between two or more'points

Focus (foci)--A point{s) at which lines come toward each other or move
away from each other ' {

' /!
Major axis-The axis passing through the foci of anllipse

Minor axis-The chord of an ellipse passing through the center and perpen-
dicular to the major axis -

Purposes of sketching

A,

B.

C.

Preliminarv approach to a problem before going to the expense of making an

instrument drawing *4
< .

To give the drafter a better picture of the ob‘iect to be drawn

For recording notes and technical information in the shop or field for
future use in the drafting department

As an ad to "think through" the solution to an engineering type prob-
lem

Dil-
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INFORMATION SHEET
li. Rules in sketching
A. A scale is not required
B. Smll objects are sketched larger than their normal size
C. Fieehand lines are rough, not rigid ‘
D. Sketches are drawn in proportion
E. Line contrast should be used .
F. A soft pencil should be used
G. Finished linework should be dark and conform to line alphabet standards
Sketches are dimensioned the same as machine drawings
V. Steps in completing a ~*rawing

Select necessary views

Block in lightly the shape of the object

A

B

C. Block in details in each view

D. Erase unwanted construction lines
E

Darken l:nes
V. Typesof sketch views
A. Pictoria!

B. Multiview
VI. Guidelines for sketching straight lines (Transparency 1)
A. Properly iocate end points of line

B. By tnal movement from left point to right point, position arm without
marking on the paper

C Keep your eyg on the point where the line will end and sketch short, light
lines between points ’

(NOTE: Do not permit your eye to follow the pencil.)

D Erase unneeded lines with a soft eraser and darken the remaining line to
torm one uniformly wide, continuous line

(NOTE: - At this stage, your eye needs to lead the pencil along the light
sketch line.)
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Draw straight lines that are parallel to the drafting table edge (border lines)
by aligning the paper on the drafting board edge and letting the third and
fourth fingers of the drawing hand act as a guide by sliding them along the
edge of the board while drawing the line

(CAUTION: This should be done only on tables with proper edging ma-
terial.)

Rotate the paper for inclined straignt lines to a positicn that would make
them straight lines .

Estimate angles by sketching a right angle and a 45° angle; subdivide into
15 angles, and then obtain the required angle

Erase all unneeded construction lines

Steps for sketching arcs (Transparency 2)

A.
B.
C.
D.

Sketch right angle at the proper length
L xin to form a square and mark proper diagonal
Mark off proper length on diagonal

Darken in arc

Steps for sketching circles (Transparency 2)

A
B.
C.

Sketch in box to proper scale and mark midpoint of each line of square
Sketch in diagonals in square and mark off proper length on diagonals

Darken in circle

Methods for sketching ellipses and procedures ( Transparency 2)

A.

B.

Method 1

1. Sketch in a rectangle the length of the major axis and minor axis
and mark midpoint of each line of rectangle

2. Sketchsa circular arc on each line of the rectangle
3. Darken in ellipse
Method 2
1. Sketch in major axis and minor axis
2. Sketch a circular arc on each end of an axis line-

3. Darken in ellipse
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INFORMATION SHEET

Steps for blocking in a view (Transparency 3)

A .

B.

C.
D.

Block in main shapes of object
Sketch in arcs and circles
Darken final lines

Erase construction lines

Factors in center line usage

A

Used to show axis of symmetry

{(NOTE: Center lines are sometimes called symmet‘ry lines.)
Symbol for center line is Q_

Used to show the center line of both circles and paths of motion

The center line should extend past the visible line 1/4" if not being used as
an extension line

Long dashes should begin and terminate center lines
(NOTE: Center iines for small holes can be a thin solid line.)

A gap must be present when a center line is a continuation of a visible or
hidden line

(NOTE: Center lines need not be shown on filleted corners because they
are self-locating.)

Methods for proportioning a sketch (Transparency 4)

A.

Method 1-Use a piece of cardboard to mark off some unit of measure-
ment (such as a 1/4" to form some scale); then, measure the actual object

(NOTE: When sketching, it is important to keep the sketch in proportion.)
Method 2-First, determine the overall width and height of the object;
then, sketch in the medium areas (by use of diagonals if necessary); finally,

sketch in the small details

(NOTE: When the item has numerous curves, it is best to use graph paper.)

Ways to interpret the meaning of lines {Transparency 5)

A

A visible or hidden line can mean (indicate) the intersection of two surfaces

.,
vl
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. INFORMATION SHEET

B. A visible or hidden line can mean (indicate) an edge view ot a surface

C. A visible or hidden line can mean (indicate) a contour view of a curved
surface

—\\ (NOTE: It is necessary to examine all views carefully to determine their
meaning since no shading is used on working drawings.)

-
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o Sketching Arcs, Circles, and Ellipses

.
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K Steps in Blocking in a View

— =

AaN
OBJECT

y

Block in Main Shapes

Sketch Arcs and Circles |

/

Darken Final Lines

oA ™ 3
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Proportion in Sketching
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Meaning of Lines

g
Edge View

of Surface

Contour
X » Edge View of Surface -
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Intersection of Surfaces
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SKETCHING TECHNIQUES
UNIT | .

ASSIGNMENT SHEET #1--SKETCH STRAIGHT LINES

[¢d
Premise: Straight lines can be sketched by using the procedure in the following example.

Example:

1. Draw two points
2. Drawdash Iines‘ connecting the two points
3. Darken and fill in dash lines
(NOTE: The same procedure is used for vertical and inclined lines.)

Directions: Sketch the following lines by connecting point A to point B.

Problem A: Vertical lines A e
Ae

Aoe Aoe

B e B e
Be Be

Problem B: Horizontal lines
Ae : oB

pn.21
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* ASSIGNMENT SHEET #1

Problem C:  Inchned lines .
o~

Ae

» ety
. , [N




— Iy \

v

SKETCHING TECHNIQUES
UNIT |

ASSIGNMENT SHEET #2-SKETCH ARCS

N

Premisa: Arcs can be sketched by using the @rocedure in the following example.

Example: “ i .
1. Sketch a boX corner , .

Y

2. Mark off radius distance from corner pdint,

{ %
Radius

3. Swing a rough arc from center point

4, Darken arc

Directions: Sketch arcs in the following corners,

Problem:
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' UNIT |

ASSIGNMENT SHEET #3--SKETCH CIRCLES

Premise: Circles can be sketched by using the procedure in the following examplé.
Example:

i. Sketch in center lines - +

T——-—
. Box in circle at diameter required
R

i

W.

3. Puf in diagonal lines and mark radius

' points from center

4. Rotate wrist in a circular motion and
connect circle points

Directions. Sketch three circles below using 1/2" approximate radius. /
K}
a1 9
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SKETCHING TECHNIQUES
. UNIT |

ASSIGNMENT SHEET #4..SKETCH AN OBJECT USING ARCS AND CIRCLES

\
Premise: An object using arcs and circles can be sketched by using the procedure in the
following example. ;

Example:

1. Decide which view of object is to be drawn

L Object

2. Box n overall shape of object

iy
e

;,;Z |
3. Sketch in arcs and circles , k*
i ~

- P"—"")‘K

4. Erase construction lines and darken
object




ASSIGNMENT SHEET #4

Directions Sketch the front view of this object,

Problem

Iy
\\’0,){
.

Object
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ASSIGNMENT SHEET #5--SKETCH AN ELLIPSE

Premise: An ellipse can be sketched by using the procedure in the following example.

Example: t‘
1. Mark off major and minor axes on center —-— —+——
lines l
4
2. Box in outlines of the ellipse T +
}

3. Sketch 1n major and minor arcs of "[ \F
ellipse \ /

4. Erase construction lines and darkens
ellipse outhine

Directions: Sketch three ellipses using an approximate\ 3/4" major diameter and an
approximate 1/2" minor diameter.

- A
. -
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NAME

TEST

1. Match the terms on the right with their correct definitions.

a. A concept used by drafters, architects, 1. Major axis
and engineers to express an idea on paper so
that it can be understood by other people 2. Diameter

i involved
3. Arc

b. Making a drawing without the use of instru- "
ments, yet with care taken to obtain the 4. Freehand technical
correct line widths sketching

c. The distance from the center point of a 5. Minor axis

circle to the ide circumference . .
outside 6. A picture is worth

. . . . a thousand words
d. The distance across a circle passing inrough its

center point 7. Sketch lines
‘ e. Any portion of the circumference of a circle 8. Radius
f. A foreshortened circle having a major axis and 8. Ellipse
a minor axis
10. Focus

g. Freehand connections between two or more
points

h. A point at which lines come toward each
other or move away from each other

1. The axis passing through the foci of an
ellipse

). The chord of an ellipse passing through
the center and perpendicular to the major axis

2. State three purposes of sketching.




3. Select true statements concerning rules in sketching by placing an "X" in the approp
riate blanks.

a. An architect scale must be used in sketching

b. Small objects are sketched larger than their normal size

c. Freehand lines are fimished and rigid

_d Sketches do not need to be drawn in proportion

e. Line contrast should be used

f. A hard pencil should be used

__g. Finished linework should be dark and conform to hine alphabet standards

h. Sketches are never dimensioned

4. Argange in order the steps In completing a drawing by placing the correct sequence
numbers in the appropriate blanks

a. Erase unwanted construction hnes

b. Select necessary views

c. Block in hightly the shape of the object

d. Darken lines

e. Block 1n details in each view

5 List two types of sketch views.

b.

6 Select true statements concerning guidehines for sketching straight lines by placing an
"X" in the appropnate blanks.

a Properly locate end points of line

b Position arm by marking heawily on the paper while moving from left point
to right point

¢ Keep your eye on the pencil and sketch sbort, heavy lines between points

4 Erase unneeded hines with a soft eraser and darken the remaiming hine to
form one uniformiy wide, continuous line

-
-

v
Q aly
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e. Draw straight lines that are parallel to the drafting table edge by aligning the
paper on the drafting board edge and letting the third and fourth fingers of
the drawing hand act as a guide by sliding them along the edge of the board
while drawing the line

f. Do not rotate the paper to sketch inclined straight lines

g. Estimate angles by sketching a right angle and then a 45° angle; subdivide
into 15° angles, and then obtain the required angle

Arrange in order the steps for sketching arcs by placing the correct sequence numbers
in the appropriate blanks.

_____a. Mark off proper length on diagonal
b, Sketch right angle at the proper length
c. Darken in arc
d. Box in to form a square and mark proper diagonal

Arrange in order the steps for sketching circles by placing the correctsequence numbers
in the appropriate bianks.

a. Sketch in diagonals in square and mark off proper length on diagonals
b. Darken in circle
c. Sketch in box to proper scale and mark midpoint of each line of square
Match methods for sketching ellipses on the right with theil procedures.

a. Sketch a circular arc on each end of an 1. Method 1

axis line

2. Method 2

b. Sketch in a rectangle the length of the major

axis and rinor axis and mark midpoint of

each line of .ectangle

c. Sketch a circular arc on each line of the
rectangle

d. Sketch in major axis and minor axis

Arrange in order the steps for blocking in a view by placing the correct sequence
numbers 1n the appropriate blanks

_____a. Darken final lines
______b. Block i main shapes of object

c Erase construction lines

d Sketch in arcs and circles

[ N
-2




11. Select true statements concerning factors in center line usage by placing an "X"
in the appropriate blanks,

a. Does not show axis of symmetry .

b. Symbol for center line is §

L 3
c. Used to show center line of squares - v

d. Long dashes stiould begin and terminate center lines

e. A gap must be present when a center line is a continuation of a visible or
hidden line

12. Define two methods for proportioning a sketch.

Method 1:

Method 2:

13. List three ways to interpret the meaning of lines.

a,

14. Demonstrate the ability to:
a. Sketch strauéh! lines.
b. Sketch arcs.
c. Sketch circles.
d. Sketch an object using arcs and circles.
e. Sketch an ellipse.

(NOTE If these activities have not been accomplished prior to the test, ask your
;nstructor when they should be completed.)

b




SKETCHING TECHNIQUES
UNIT I

ANSWERS TO TEST

f. 9
g 7
h. 10
i 1
j. B

ocQo0o o0ow
WO &

. Any three of the following:

a. Preliminary approach to a problem before going to the expense of making an
instrument drawing

b. To give the drafter a better picture of the object to be drawn

c. For recording notes and technical information in the shop or field for future use
in the drafting department ‘

d. Asanaid to "think through" the solution to an engineering-type problem
9

. b,eg,

ocQao o
WA = &

a. Pictorial

b. Multiview

a,d,egqg

a 3

b. 1

c. 4

d 2

a. 2 )
b. 3

c. 1

N - N o= N




11. d,e

12. Method 1-Use a piece of cardboard to mark off some unit of measurement; then,
measure the actual object

Method 2-First, determine the overall width and height of the object; then, sketch in
the medium areas; finally, sketch in the small details

13. a. A wisible or hidden line can mean the intersection of two surfaces
b. A wvisible or hidden line can mean an edge view of a surface
c. A visible or hidden line can mean a contour view of a curved surface

_— 14. Evaluated to the satisfaction of the instructor

- ¢
’
vle




GEOMETRIC CONSTRUCTIONS
UNIT 1

( UNIT OBJECTIVE

After completion of this unit, the student should be able to match basic geometric termi-
nology with correct definitions, match basic geometric shapes with their descriptions, and
identify basic geometric shapes. The student should aiso be able to measure a circle and
interpret the degrees in it, and construct basic geometric forms. This knowledge will be
evidenced by correctly performing the procedures outlined in the assignment sheets and by

scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:
1. Match basic_geometric terms with their correct definitions.
2. Match tQpes of angles with their correct descriptions.
3. Match types of triangles with their correct d’escriptions.
4. Match circular shapes with their correct descriptions.
5. Match four-sided shapes, cones, and special figures with their correct descriptions.
6. Match polygons and diagonals with their correct descriptions,
7. Identify basic geometric shapes.
8. Match geometric terms with their correct symbols.
9. List three elements needed for measuring parts of a c.rcle
10. List three elements needed for i.nterpretmg degrees in a circle.
11. Demonstrate the ability to:
a. Bisectalineand an arc.

b. Bisect an angle.

o

Draw parallel lines.

d. Construct a perpendicular line to a hine from a potnt.




Divide a line into equal parts, L S
f.  Draw a line perpendicular through a point on a line.
g. Draw an arc tangent to a straight line and an arc.
h. Draw an arc tangent to two arcs.
“ i.  Construct a triangle with sides given.
j.  Construct a right triangle. '
k. Constructan equilateral triangle with one side given. . -
I.  Inscribe a hexagon inside a circle. .
m. Construct a hexagon with the distance across the flat sidej,qﬂ;n.
n.  Construct a circle through three given points.
0. Construct a pentagon by inscribing. .

p. Draw an arc tangent to an acute angle and an obtuse angle.

=

q. Draw an arc tangent to a right angle.

r Draw an involute of a circle.

s Draw an ellipse using the approximate ellipse with compass method.
t. Draw aparabola. -

Join two points with a parabolic curve.




GEOMETRIC CONSTRUCTIONS
. UNIT I

SUGGESTED ACTIVITIES

' I Provide students with Objective sheet.
Il.  Provide students with information and assignment sheets.

. Make transparencies, .

Iv. Discuss unit and specific objectives, . . " p
V. Discuss. information and assignment sheets. - N
Vi. Have students make models of some geometric shapes.
- - VI Since this unit is very qué, items 1-10 can bg given as one test and item 11 'a.s :

separate test.
VIH: Select title block y6u want to be used in Assngnme'nt Sheet #8.
. IX. Give test.

‘ INSTRUCTIONAL MATERIALS *
. !

I, Included in this unit:
A. Objective sheet . \
B. Information sheets
C. Transparency masters
1. TM 1-Basic Geometric Shapes and Terms ~ 7
2. TM 2--Basic Geometric Shapes-and Terms {Continued)
- . 3. TM 3--Typesof Angles
'4. TM 4 -Types of Triangles
5. TM 5-:Circular Shapes
6. T™ 6--Cur.cular Shapes (Continued)

7. TM 7--Circular Shapes {Continued) ’

TM 8--Four-sided Shapes, Cones, and Spec:al Figures




9. TM9.--Special Figures
10. TM 10--Quadrilaterals
11, TM 11-Solids

12, TM 12-Involutes
13. TM 13--Involute of a Circle
14. TM 14--Polygons and Diagonals
15, TM 15--Polygons
Assignment sheets
1. Assignment Sheet #1--Bisect a Line and an Arc
2. Assignment Sheet #2--B€'gsect an Angle
3. Assignment Sheet #3--Draw Parallel Lines

4. Assignment Sheet #4--Construct a Perpendicular Lineto aLine From a
Point

5. Assignmént Sheet #5--Divide a Line Into Equal Parts

6. Assignment Sheet #6--Draw a Line Perpendicular Tkrough a Point on
a Line

7. Assignment Sheet #7--Draw an Arc Tangent to a Straight Line and
an Arc

8. Assiarment Sh9et #8--Draw an Arc Tangent to Two Arcs
9. Assignmgnt Sheet #9.-Construct a Triangle with Sides Given
~10. Assignment Sheet #10--Construct a Rigt Triangle

11. Assignment Sheet #11-.Construct an Equilaterai Triangle with Oné
Side Given ’

< 12. Assignment Sheet #12--Inscribe a,Hexagon Inside a Circle

13. Assignment Sheet #13--Construct a Hexagon With the Distance Across
the Flat Sides Given

14. Assignment Sheet #14--Construct a Circle Through Three Given Points
15,Assagnment Sheet #15..Construct a Pentagon by Inscribing

16~ Assignment Sheet #16--Draw an Arc Tangent to an Acute Angle and
an Obtuse Angle

17. Assign}nent Sheet #17--Draw an Arc Tangent to a Right Angle

18. Assignment Sheet #18--Draw an Involute of a Circle




v )l

19. Assignment Sheet #19--Dra  an Ellipse Using the Approximate Ellipse
with Compass Method .

20. Assignment Sheet #20--Draw a Parabola

21. Assignment Sheet #21-Join Two Points with a Parabolic Curve

E. Test

F. Answers to test

References:

A. Berg, Edward. Mechanical Drawing. Milwaukee, W|: Bruce Publishing Co.,
1962.

B. Spencer, Henry C. and John T. Dygdon. Basic Technical Drawing. New
York: Macmillan Co., 1968.

C. French, Thomas E. and Carl L. Svensen. Mechanical Drawing. Dallas:
McGraw-Hill Book Co., 1966.

D. Wright, Lawrence Sidney. Drafting Technical Communication. Bloomington,
IL: McKnight and McKnight Publishing Co., 1968,

E. French, Thomas E. and Charles J. Vierck, Engineering Drawing. St. Louis:
McGraw-Hill Book Co., 1966.

G. Giesecke, Frederick E., et. al. Technical Drawing. New York: Macmillan Co.,
1974,

H. Spencer, Henry Cecil and Ivan Leroy Hill. Technical Drawing Problems.

New York: Macmillan Co., 1974.
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UNIT 11

INFORMATION SHEET

Basic geometric terms and definitions

A.

Point-A small dot or small cross on a drawing or in space that does not have
length, height, depth, or width (Transparency 1)

Line--A connection between two or more points (Transparency 1)

Straight line-The shortest distance between two points (Transparency
1)

Curved line--A line in which no segment s straight (Transparency 1)
Line segment- Any part of a line (Transparency 1)

Plane figure--A flat, ievel, even surface such as a piece of paper lying flat on a
table (Transparency 1)

{(NOTE: This i1s sometimes referred to simply as a plane.)
Intersect -To cut across each other {Transparency 1)

Vertex--The common point where lines or surfaces intersect (Transpar-
ency 1)

Perpendicular--At 90° angles to a given plane or line (Transparency 1)

Parallel -Straight i‘nes that do not meet or intersect and are an equal distance
apart at all points (Transparency 1)

Projection line--Line used to extend from one view to another view (Trans-
parency 1)

Skew (oblique) lines-Straight hnes that do not intersect and are not parallel
or in the same plane {Transparency 2)

Bisect--To divide into two equal parts (Transparency 2)

Vertical -A line straight up and down perpendicular to the horizontal plane
{Transparency 2)

q

Honzontal--Parallel to the plane of the horizon {Transparency 2)

Edge--What appears as a line when a plane surface 1s perpendicular to a plane
of projection (Transparency 2)

f quilateral -All sides are equal




INFORMATION SHEET

Types of angles and descriptions (Transparency 3)

mm o O ® >

Angle-Figure formed by two intersecting lines
Right angle--A 90° angle

Acute angle--An angle less than 90°

Obtuse angle--An angle greater than 90°
Complementary angles--Two angles whose sum 1s 90°

Supplementary angles--Two angles whose sum 1s 180°

Types of triangles and descriptions (Transparency 4)

A.

m o O @

Triangle-A plane figure bound by three straight sides, and three interior
angles which equal 180°

Equilateral triangle--A triangle with three equal sides and three equal angles
Isosceles triangle--A triangle with two eaual sides and two equal angles
Scalene triangle-A triangle with no angles or sides equal

Right triangle--A triangle with one 90° angle

(NOTE: The side opposite the 90° angle of a right triangle 1s the hypo-
tenuse.)

Circular shapes and descriptions

A.
B.

Circumference--The distance around a circle (Transparency 5)

Radus-The distance from the center point of a circle to the outside circum-
farence (Transparency 5)

Diameter--The distance across a circle passing through its center point
{Transparency 5)

Circle- A closed curve all points of which are an equal distance from the
center (Transparency 5)

Arc-Any portion of the circumference of a circle (Transparency 5)

Sphere--A round body such as a ball which has all points of its circummference
an equal distance from its center (Transparency 5)

Concentric circles-Having the same point as center (Transparency 5)

Eccentric circles- Having different points as center, one within the other
(Transparency 5)

Symmetrical- The same on both sides of a center line (Transparency 6)

LA

LIVIE
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Ir ‘ed -A figure drawn within another figure so as to touch in as many
places as possible (Transparency 6)

Circumscribed--A figure encircled so as to touch in as many places as possible
(Transparency 6)

Axis--A straight line passing through the center of a geometric body upon
which the geometric body rotates (Transparency 6)

Torus--A solid figure generated by a circle which is revolving on an axis
which is eccentrical to the circle (Transparency 6)

Ellipse--A foreshortened circle having a major diameter and a minor diameter
(Transparency 6)

Cylinder-A solid figure obtained by taking a rectangle by its edge and

rotating it around to its parallel edge, making the ends parallel, and the
circles equal (Transparency 6)

Tangent--Meeting a curved line or surface, touching '+ one and only one
point, but most definitely not intersecting {Transparency 7) .

(NOTE: To make better tangencies, draw the circular object first, when
possible; then draw the straight line from it.)

Chord--Any straight line across a circle that does not pass through the center
Semicircle--One-half of a circle

Circular segment--Less than a semicircle

Quadrant-One-fourth of a circle

Sector--L.ess than a quadrant

Four-sided shapes, cones, and special figures and descriptions

A

Square--A plane figure bound by four equal sides, and having four 90°
angles (Equilateral parallelogram) (Transparency 8)

Rectangle--A plane figure bound by parallel sides of different lengths to form
opposite sides that are equal, and having four 90° angles (Transparency 8)

Cone-A solid figure with a circle as its base, and a curved surface tapering
evenly to the veriex, so that any point on the surface 1s in a straight line
between the circumference of the base and the vertex (Transparency 8)

Conic sections-Curves produced by a plane when it intersects a right circular
cone (Transparency 8)

(NOTE: Types of curves produced are the circle, ellipse, hyperbola, and
parabola.)

DI-4
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Parabola--A curve generated by a point moving so that its distance from a
fixed point is equal to its distance from a fixed line (Transparency 8)
Helix-Generated by a point moving along and around the surface of a
cone or cylinder with a uniform angular velocity about the axis, and with a

uniform linear velocity in the direction of the axis (Transparency 9)

Cycloid--A curve generated by a point located on the circumference of
a ci-cle as the circle rolls along a straight line {Transparency 9)

Quadrilateral--A plane figure bound by four straight sides (Transparency 10)

Parallelogram--A plane figure bound by four straight sides with the opposite
sides parallei {Transparency 10)

Prism-A solid figure whose plane bases are parallel equal polygons and
whose faces are parallelograms (Transparency 11)

Pyramid-A solid figure with a polygon for a base, with triangular lateral
faces that intersect at a common point called a vertex (Transparency 11)

Involute--A curve traced by a point on a thread or string, as the thread or
string unwinds from a line (Transparencies 12 and 13)

Polygons and diagonals and descriptions (Transparencies 14 and 15)

A,

B.

E

F.

Polygon--A plane figure with more than three straight sides
Diagonals--Lines connecting opposite nonsymmetrical corners of a polygon

Regular polygon--A plane figure with equal straight sides and equal angles; 1t
can be circumscribed around, or inscribed in a circle

Pentagon--A polygon that has five equal sides and five equal angles
Hexagon--A polygon that has six equal sides and six equal angles

Octagon--A polygon that has eight equal sides and eight equal angles

Basic geometric shapes

A

Straight angle--

'
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B. Acute angle--

C. Obtuse angle--

D. Isosceles triangle

ya
N
A
€. Scalene triangle- \
AN

‘ F. Rught triangle--

G. Eqguilateral triangle-- i j

oin-
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H.  Circle

| Sphere -

@

D
N
7

K Hexayon
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B O

M. Quadrilaterals
1. Trapezium--

2. Trapezoid--

3. Rectangle--

D Il - 4
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4, Square-

N. Parallelograms

1, Equilateral

a.  Square--

b. Rhombus
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INFORMATION SHEET

2. Rhomboid--

3. Rectangle--




INFORMATION SHEET

Pyramuds

1. Right triangular-

2. Right square--

Pentagonal--

Elhipse




INFORMATION SHEET

S. Cylinder--

- - -
- -

i
» T. Cone--

Parabola--

u.
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V. Helix-

W. Involute of a line--




DIl-56

. INFORMATION SHEET

*  X. Involute of a square--

Y. Involute of atniangle--

™
W

()
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V4 invoiute of a circle- P R N

AA Cyclod
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Vill Geometric terms and Ssymbols

A. Perpendicular- L

.

B Parallel- ||

C. Angle (singular)-- »
D Angles(plural). /.S
E  Lessthan (

F. Greater than- >

G Diameter - Q)
H  Radius R

I X Three elements needed for measuring parts of a circle

A. Diameter 1s measQred on a straight hne passing through the center point of
the circle and extending to the citcumference

B. Racius 1s measured on a straight line from the center of the circle to any
point on the circumference; equals one halt the diameter

C  Circumference 1s measured by mulitiplying the diameter of the circle by 7
(31415926 or 3 14)

X Three elements needed for interpreting degrees in a circle
A A full circle has 360 degrees, written as 360°
B. Each degree is divided inta 60 minutes, written as 60’
C  Each minute 1s diided into 60 seconds, written as 60"

Example 52° 14’ 5" would be read as Bty two degrees, 14 minutes,

. 5 seconds




Basic Geometric Shapes and Terms

. + f
Point Lines
Plane Figure

Straight Line

v

Curved Line

S S

Line Segments

?l< Rarallel

ntersect

Perpendicular-

Projection  Lines,

yd




D1l-61

Basic Geometric Shapes & Terms

(Continued)

Bisected Angle

X

3

Bisected Line

N

X

N

X
N

Bisected Arc

Vertical

Horizontal

/

- —
Skew

Edge

™ 2
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¢ Types of Angles
Angle Right Angle

AN

Acute Angle Obtuse Angle

Supplementary Angles




Types of Triangles

ANERYA\

Equilateral Triangle Isosceles Triangle

Scalene Triangle

Hypotenuse

Right Triangle
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@ Circular Shapes

Circumference Radius
o Arc
Diameter Circle
. ain
@ 7
Sphere Concentnc Circles Eccertric Circles

T™ 5




Circular Shapes
- (Continued)

AN aN
NN

Inscribed Circle Circumscribed Ciicle

e [
N

————
-
- ~

Cylinder
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® ~ Circular Shapes
(Continued)

O

~ Tangent
@

Not Tangent

™ 7
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Four-Sided Shapes, Cones,
and Special Figures

/_\ 4Circle

Ellipse I’X
Square /
L
Parabola <~ Hyperbola
Conic Sections
Rectangle

Cone
Parabola




DIl-75

¢ Special Figures

71

Cycloid

Helix

Q . ™ 9
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¢ Quadrilaterals

(TWO SIDES PARALLEL) (NO SIDES PARALLEL)
Trapezoid Trapezium
. Parallelograms

Equilateral Parallelograms

Square Rhombus

T we
-

-
T -

Rectangle Rhomboid




Pyramids

Pentagonal
Right Triangular Pyramid
Pyramid

Righ't Square
Pyramid
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Involute of a Line

¢

Involute of a Triangle

Involute of a Squaie

e

€ ¢y . .
- : ™ 12
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o Invokte of a Circle

Ry

T™ 13




- Polygons and Diagonals

Rectangle

——__Diagonals
"

! Rectangle

‘; Diagonal Diagonals

Pentagon Octagon

(J’\
"~ -

DIl-85

™ 14



Polygons

Regular Polygon

ERIC

PN
N

Hexagon

Pentagon

Octagon

DIu-87

™ 15
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GEOMETRIC CONSTRUCTIONS
' UNIT 11

ASSIGNMENT SHEET #1--BISECT A LINE AND AN ARC
Premise: A hine and an arc can be bisected with a triangle and compass by using the proced-

ure in the following example.

Example:

1. Usegiven line AB

2. From A and B use compass to draw equal arcs '
with radius greater than half A B

' 3. Join points D and E with triangle

4. Mark pointatC

KD

N¢

(-\
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ASSIGNMENT SHEET #1

Direvtions Biseet the hines AB and arc AB below. Leave all construction lines

Problem A

A T—~.B
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'ASSIGNMENT SHEET #1

Directions- Draw construction lines lightly and do not erase them,

Problem B:

DRAW 2 DIA HOLE AT INTERSECTION OF PERPENDICULAR BISECTORS
OF LINES AB AND CD

NOTE. DRAW HORIZONTAL AND VERTICAL
CENTER LINES ONLY THROUGH THE HOLE

GRINDER ADJUSTING ARM

\
'




GEOMETRIC CONSTRUCTIONS
UNIT !l

ASSIGNMENT SHEET #2-BISECT AN ANGLE

Premise: An angle can be bisected with a triangle and compass by using the procedure

1n the following example.
Example:

1. Use given angle BAC

2 Strike a rad:us using a compass
at any radius with point A as vertex

3. Strike equal arcs r with radius
larger than half the distance from
EtoF

4. Draw a line from arc intersection D
to vertex A

8

0

B

Any Angle
A C

s Any Radius
A T C

A ( Fr C
\

Equal Angles

DIl-93



ASSIGNMENT SHEET %2

Directions. Bisect the angles below, Leave all construction lines,

Problem
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: GEOMETRIC CONSTRUCTIONS
UNIT U

ASSIGNMENT SHEET #3--DRAW PARALLEL LINES
Premise: Parailei lines can be drawn with a triangle, compass, and scale by using the proced-

ure in the following example.

Example: . A B

—— 1. Usegiven line AB
2. Set compass any desired radius CD (> \“ (2 -
and swing two arcs anywhere along
AB
A ¢ &% g

3. Construct line GH tangent to arcs G — o - D‘d
CD (radius CD required distance
A—2S Y g

between parallel lines)

Directions: Construct a line parallel to line AB 1" below line AB. Leave all construction lines,

Problem:

91
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N S

GEOMETRIC CONSTRUCTIONS
UNIT I

) ASSIGNMENT SHEET #4-CONSTRUCT A PERPENDICULAR LINE
TO A LINE FROM A POINT

Premise: A perpendicular line can be constructed to a line from a point with a trniangle and
compass by using the procedure in the following example.

Examp!e: «C
1. Use given line AB and point C A B
2. Swing any radius from point C as c
long as 1t touches two points on
\L/
C
3. Swingradius DF and radius EF equal A D E B
‘ to radwus DC
F
C
4. Connect point C with point F A | p:
_ 1 B
(NOTE: LineC Fis90°to A-B.)
F

Direction. Construct a line perpendicular from point C to line AB. Leave all construction
lines.

Problem.
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GEOMETRIC CONSTRUCTIONS

UNIT 1l

ASSIGNMENT SHEET #5 DIViDE A LINE INTO EQUAL PARTS

I3

Premise A line can be divided into equal parts with a 45° and 30° 60° triangle and a scale by

using the procedure in the following example

Example

1.

Use given hne AB to divide into
five equal parts

»

Draw a line at any anyle and any
length and tabel point C

Use: scale to lay off five equal
divisions on line AC, label the
fast divisson D

Set triangle to project division
hack to line AB from point D

Set triangles to be parallel to
e BD, mark divaisions on line AB
parallef to me BD

A B
A B '
c

A‘\\
DC
Awa
piC
D;C

B
‘B
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ASSIGNMENT SHEET #5
Directions: Divide Line Amto seven equal divisions Leave all construction lines
Problem A
b \
¢ .
/o
A B
L]
P
¢
e ~ Directions Diwvide honizontal hne into five equal parts per ainch starting at pomnt A Draw
60 V's as shown m the followmng threaded rod Draw construction hines hghtty and do not
orase them Complete section fines .
4
THREADED ROD
5 THREADS PER INCH
: Praobiem B
-




‘ GEOMETRIC CONSTRUCTIONS
UNIT (I
. i J\ v
ASSIGNMENT SHEET #6--DRAW A LINE PERPENDICULAR THROUGH A
POINT ON A LINE ~. »

Premise: A line can be drawn perpendicularly through a point on a line with a triangle,
compass, and scale by using the procedure in the following example.

Example:
1. Use given line AB with point C located c
on line AB A 7 B
¢ /
2. Set compass at any radius r and [L, c \
swing arc through line AB from A =g B
point @ \ /

L 3. Set cémpass at distance greater P
than DC and swing arcs from D and E
to form points F and G w
¢ &

. A \ B
~". | i | W
' 2 G
F
4. Connect points F and G through C %
) ' A (D < % B
>k

Directions: Draw a line perpendicular through point C on line AB. Leave all construc-
tion lines.

Problem: Iy




N

~

GEOMETRIC CONSTRUCTIONS
' UNIT i \

>
-

ASSIGNMENT SHEET #7 DRAW AN ARC TANGENT TO A STRAIGHT
LINE AND AN ARC

-
.

Premise: An 4rc tangent can hie drawn to a straight line and an arc with a triangle, compass, '
and scale by using the procecude in the following example ’
i

H

Example. | h u]’ . .
{ . G
7. Use given arc with radius G and i . .

straight line AB .

i
J A e
bl .
o
2 Swingqwen arc r from point # and d /
draw o paraliel ine tangent o are r \L// e § \/
| a Farallel
| S TN
A 8
3 Addradius G to radius r and swing . . Gty
o G to point C from point G s C
o
4  Draw hine from the center pomt of N jG P [ ~N
radius G and GHr to point C to T r
obtain tangency point . A 8

5  With center C and given radius r,

‘

i
draw requered tangent arc between
the LneAB and arc

96
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ASSIGNMENT SHEET #7

Directinns: Connect line AB to arc OG with 1" R arc. Leave all construction hines

Probilem A

g

J4/

+

Directions: Complete the drawing of a wing nut and mark all points of tangency Draw
construction hnes hightly and do not erase them.

)
Qe |
s Point of Tangency ‘\

7
Probtem B \6\‘1/
I f
! h
ol
| 'I
JlJ h 'u R
There are __ points of tangency \

or this wing nut

)y 97

Q \ -
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ASSIGNMENT SHEET #7

Directions: Draw arc tangent to line AB at B, and through point C, as shown in the follow-
ing bracket. Draw construction lines lightly and do not erase them.

L
&
N AN

Problem C:

-105
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| GEOMETRIC CONSTRUCTIONS
‘ ‘ UNIT I

ASSIGNMENT SHEET #8 DRAW AN ARC TANGENT TO TWO ARCS
Premise. An arc tangent can be drawn to two arcs with a triangle, compass, and scale by
using the procedure in the following example,
Example:

1 Use qiven arcswith centers & and B,
and required i s 1 A

3 Swing arcs r using any point
cn eircles as center pomt

b Swingarc AC and arc BC
tangent to given r arcs

2 Draw lines of centers AC and BC to
jocate points of tangency T, and
draw required tangent arc between
the points of tangency, as shown
from center C

o 99
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ASSIGNMENT SHEET #8 .

Directions. Connect the two circles with 1,2" diameter cucle. Leave all construction hines

Problem A,

Directio, s Cemplete the drawing of a toggle link as shown in the following drawing.
Draw on size "A' vellum using title block determined by the mstructor Mark points of
tangency. Do not use arithmetic to add or subtract radn, do 1t graphically. Draw construc-
tion hines lightly and do not erase them.

35
175 DIA

75 DIA

112 DIA i
35R 2.5 DIA - .

Scale. Full size on vellum

Problem B:

B

There are —__ tangency points
on this view
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. ASSIGNMENT SHEET #8

Directions: Complete the drawing of an operating arm as shown in the following drawing.
Draw on size "A" vellum ing title block determined by the instructor. Mark points of
tangency. Draw construction ines lightly and do not erase them.

Scale! Full size on vellum

Problem C;

178 4

2R
125 R "

> o s ﬁ{ -

There are .. tangency points on this view .
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* GEOMETRIC CONSTRUCTIONS
UNIT I

ASSIGNMENT SHEET #9--CONSTI¥JCT A TRIANGLE WITH SIDES GIVEN

Premise: A triangle can be constructed with sides giverr with a triangle and compass by using
the procedure in the following example.

Example:

1. Use given sides A, B, and C

2. Draw one side, the length of C, in
desired position, and strike arc
with radius equal to given side A

3. Strike arc with radius equal to

_given side B

4. Draw sides A and B from intersection
of arcs, as shown

2 EA] 7

4

Directions: Construct a triangle using the three lines given below. Leave all construction
lines.

Problem:

m
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- GEOMETRIC CONSTRUCTIONS

. s UNIT 11

ASSIGNMENT SHEET #10- CONSTRUCT A RIGHT TRIANGLE

Prenise A right triangle can be constructed with a triangle and compass by using the
nrocedure in the following example.

£xample:
R
1. Use given sides R and S )
S
I
»
- ‘ S
2  Draw in hne S with triangle
3. Swing arc with radius length as R
R
. »
4. Find the middle of lne S and use
that point with radius 1/2 length
of S to swing arc
I1/2 S
T
5. At point of arc intersection 90° Angle

connect to end points of line S as
shown
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ASSIGNMENT SHEET #10

Directions: Construct a right triangle using the two lines given below. Leave all construction

lines.
-]

Problem:

104
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' GEOMETRIC CONSTRUCTIONS
‘ UNIT I

ASSIGNMENT SHEET #12--INSCRIBE A HEXAGON INSIDE A CIRCLE

Premise: A hexagon can be inscribed inside a circle with a 30° 60" triangle by using the
procedure in the following example.

ol

Example! .
1. Use given circle diameter equal to
required distance across corners of .
hexagon .

r )

2. Draw vertical and horizontal cenwer / \
lines through circle
3. Use 30° triangle to construct c B
. diagonals AB and CD at 30" with
& ! horizontal through center point .
[ ]
4, Use 30° triangle to construct sides K} (Y

Directions: Draw a hexagon in the circle below. Leave all construction lines.

Prt;b lem:

ERIC 1u6
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: »
. GEOMETRIC CONSTRUCTIONS
J UNIT I

L
) -r

ASSIGNMENT SHEET #13--CONSTRUCT A HEXAGON WITH THE
DISTANCE ACROSS THE FLAT SIDES GIVEN

“« . ! /
Premise: A hexagon with the distance across the flat sades given can be constructed with a
30° 60" triangle, compass, and parallel bar or drafting machine by using the procedure in the
following example.
Example:

1. Use given circle diameter or dustance
across hexagon flats (1 3/16")

2. Putin vertical and horizontal <>

center lines

3. With the 30° 60" triangle and
parallel bar or drafting machine, Fiots on top ond bonom

draw the six sides tangent to the

circle; flats can be on sides or
on top and bottom
Flats on sides /N
) \ | /
1 X

ERIC - ve
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> ASSIGNMENT SHEET #13

Duections  Construct o hexagon using this circle as the distance across flats. Leave all
construction hines,

Problem A: Put flats on top and bottom

Problem B: Put flats on sides




|
|
‘ , Diul-121
?

‘ ASSIGNMENT SHEET #13

Directions: Draw hexagons and omit holes for the following hex turret. Scale is 1/8 size (1
1/2" = 1'.0"). Have 16" across external flats and 13" across internal flats. Draw construc-

tion lines lightly and do not erase them.

VIE‘W

Problem C: ~

/, [

) 103
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. GEOMETRIC CONSTRUCTIONS
UNIT 1

ASSIGNMENT SHEET #14-CONSTRUCT A CIRCLE THROUGH THREE
GIVEN POINTS

Premise: A circle can be constructed through three given points with a triangle and compass
by using the procedure in the following example.
Example:

-

1. Use given points A, B, and C which are
not in a straight line

h L)
8
C
2. Connect lines AB and BC \/
8

A c
3. Find perpendicular bisectors of lines N
.‘ AB and BC; swing arcs as shown
B

4. Extend bisector lines until they
intersect; this wiil be center
point of circle A C
B
5. Use this point as center of circle

radius C RADIUS

AR
A\>é
B
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ASSIGNMENT SHEET #14

Directions: Gonstraet a arcle helow that wall pass through the three points qiven Leave all
construchion fines

Problem A

+c

@+

111
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‘ ASSIGNMENT SHEFT #14

Directions: Complete the view of the bracket by findir.g the center of the circle through the
three points given, Draw all center lines in pictorial. Scale is 1/2 size. Draw construction

lines hghtly and do not erase them.
" L

A
- 32
! - v,
¥ L
-2 DRILL 3 HOLES
EQUALLY SPACED
Problem B:

Q 112
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' GEOMETRIC CONSTRUCTIONS
UNIT Il

ASSIGNMENT SHEET #15--CONSTRUCT A PENTAGON BY INSCRIBING

Premise: A pentagon can be constructed with a triangle and compass by using the inscribing
procedure 1 the following example.

Example: /\
1. U en circl
se given circle !_J

2, Busect radius OD at C C-}-jD

3. With C as center and CA as radius,
strike arc AE E

4. With A as center and AE as radius,
strike arc EB

5. Draw line AB; then set off distances
AB around the circumference of
the circle using compass and draw
the sides through these points
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ASSIGNMENT SHEET #15

Directions Insenbe a pentagon in the circles below. Leave all construction Lines.

T
N,

Directions Inscribe a pentagon 1in a 2" circle {(within hexagon) as used in the following
drawing, Draw construction hines ightly and do not erase them.

» Problem A-

Problem B+ VIEW
PENTAGON

HE XAGON
el B

SQUARE

CIRCLE - 8

HEXAGON "” T
\/
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GEOMETRIC CONSTRUCTIONS
®

ASSIGNMENT SHEET #16--DRAW AN ARC TANGENT TO AN ACUTE
< ANGLE AND AN OBTUSE ANGLE

Premise: An arc tangent can be drawn to an acute angle and an obtuse angle with a trianab,
compass, and parallel bar or drafting machine by using the procedure in the following .

example. ACUTE ANGLE

Example:

N
OBTUSE ANGL:
1. Use given acute angle and obtuse angle
(NOTE: in this example every step will be

performed on the acute angle on the left
and on the obtuse angle on the right.)

2. Draw lines parallel to given lines < FT
at distance R from them, to inter- R R

. sect at C, the required center

3. From C drop perpendiculars to the

given lines respectively to locate
points of tangency T T
’ T \

T T
4, With C as center and with given RADIUS RADIUS
radius R, draw required tangent arc
between the points of tangency
T (o C
T
AT T

115
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ASSIGNMENT SHEET #16

Directions Connect the sides of the angles below with a 1/2% radius are. Leave all construc

tion hines,

. Prablem

L

11¢ .
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GEOMETRIC CONSTRUCTIONS
UNIT Il

ASSIGNMENT SHEET #17.-DRAW AN ARC TANGENT TO A RIGHT ANGLE

Premise: An arc tangent can be drawn to a right angle with a triangle and scale by using the
procedure in the following example.

Example:
1. Use given lines at right angles to 90°
each other, any radius required \'
2. With given radius R, strike arc L
intersecting given lines at tangen
points T B — .
i :
T C
L J
3. With given radius R again, and with
points T as centers, strike arcs
intersecting at C IT
T C

4. With C as center and given radius
. R, draw required tangent arc

Durections: Draw a 3/4" R arc in the right angles below. Leave all construction lines.

Problem A:

117
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ASSIGNMENT SHEET #17

\

Directions: Draw arc tangents to complete the drawing as shown in the following bracket.
Mark points of tangency. Draw construction lines lightly and do not erase them.

v
Problem B:
+
Center point of arc
i hnfadenienbedentenianbatteth b T*T
l 1y (I
[ v
I
BRACKET
Scale. Full Size
There are
points of ‘tangency
on this view
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GEOMETRIC CONSTRUCTIONS
UNIT Il

ASSIGNMENT SHEET #18--DRAW AN INVOLUTE OF A CIRCLE

Premise: An involute of a circle can be drawn with a triangle, compass, and irregular curve
by using the procedure in the following example. ,J

Example: / \
1. Use given circle diameter +

133

I
2. Divide circle into a given number 2
of equal parts; in this case six / 3
equal parts 4
L)

3. At each of these divisions, put in
lines tangent to circle and perpen-
dicular to radius lines

119
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ASSIGNMENT SHEET #18

. 4. Lay off the length of the arc from
point 1 to point 2; using 2 as
center point, swing arc from
2 to 2', lay off the length of the ~
arc from 2' to 3 and swing arc 3-3'

»

6. Continue in like manner for each 2
point; sketch a light line through |
the points and darken the curve,

using an irregular curve «3
N

\ly/ i %
7?7 6
1 7l

Directions: Construct an involute of the following circle. Leave all constructions lines.

Problem:
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GEOMETRIC CONSTRUCTIONS
UNIT Il

ASSIGNMENT SHEET #19-DRAW AN ELLIPSE USING THE APPRNXIMATE
ELLIPSE WITH COMPASS METHOD

Premise: An ellipse can be drawn by the compass method with a triangle, compass, and
parallel bar or drafting machine by using the procedure in the following exa'r\nple.
Example: c

1. Use given axis AB and axis D

A B
’ D
2. Draw line AC // E
3. With O as center and OA as radius, / ¢
strike arc AE ) e
. Al ° :
\ 4. With C as center and CE as radius,
strike thearc EF
D
E
\; 2
c
. , F -
5. Draw perpendicular bisector of the ></
line AF; the points T,K, and J where A< X 0
it intersects the axes, are centers of
the required arcs
N\
(NOTE: If needed, refer to Assignment Sheet R,J
#1 for drawing a perpendicular bisector of a °

line.)

e : :



/ ASSIGNMENT SHEET #19 >

6. Find center M by measuring OJ with
compass

7. Set compass point at O and strike
point M

8. Find center L by measuring OK with S ' {
compass . .

9. Set compass point at O and strike

point L

10. Draw line M through point K to form

\ point U

11. Draw line M through point L to form \d .
point V

12. Draw line J through point L to form .
point W

13. Keep arcs tangent as shown

14. Using K as the center point, swing
arc KA from point U to point T

16. Using L as the center point, swing v
arc LB from point W to point V . -

16. Using J as the center point, swing i ’ -

~arcJC from point T to point W

17. Using M as the center point, swing
arc MD frem point V to point U

Directions: Construct an approximate ellipse of the axis lines AB and CD. Leave all constr-
uction hnes. )

Problem A:

(@]
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ASSIGNMENT SHEET #19

Directions: Draw an approximate ellipse 1 1/4" x 2 1/8" as shown in the following bracket.
Draw construction lines lightly and do not erase them.,

L ‘ J

isirections: Draw an approximate ellipse as shown in the following cam. Draw construction

w.nes lightly and do not erase them.
Y

1N
¥

Problem C: - +
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GEOMETRIC CONSTRUCTIONS
UNIT I

ASSIGNMENT SHEET #20-DRAW A PARABOLA

Premise: A parabola can be Grawn with a triangle, compass, irregular curve, and parallel bar
or drafting machine by using the procedure in the following example.

Example:

1. Use given lines ABCD A 8 .

2. Divide line AD into some number of
equal parts

[

Divide line AB into an equal number
of parts amounting to the square of
that number

Example: If A-D is divided into 4
equal spaces, then AB will
be divided into 16 equal
spaces
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ASSIGNMENT SHEET #20
4A

4. From line AD, every point on the
parabola is determined by the |
number of spacing units equal to ‘
the square of the number on AD 3
starting from point D which is
also O .

Example: 1=1,2=4,3=9,4=16

5. Sketch a light line through the
points and darken the curve, using
an irregular curve

——
D
(@]

Sl

Directions: Construct a parabola in the given area. Leave all construction lines,

Problem:




I A
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GEOMETRIC CONSTRUCTIONS

UNIT I

ASSIGNMENT SHEET #21--JOIN TWO POINTS WITH A PARABOLIC CURVE

Example:

1.

Use given lines ABCD

Divide line AD into an equal number
of spaces

Divide line DC into the same number
of equal spaces

Number the points on AD starting at
A as 0 and number the pointson DC
startingat D as O

Draw a straight line from point 1
on line AD to point 1 on line DC

Then do this for each point

Darken the curve, using an ifregular
curve

Premise: Two points can be joined in a parabolic curve with a triangle, scale, irregular curve,
and parallel bar or drafting machine by using the procedure in the following example.

A B

0 L

(7]

D I,

4567390“RC




ASSIGNMENT SHEET #21

Directions: Construct a parabolic curve from point B to point D. Leave all construction
lines. .

Problem:




Match the terms on the right with their correct definitions,

-

GEOMETRIC CONSTRUCTIONS

UNIT II

-~ NAME

D1l-143

TEST

a. A small dot or small cross on a drawing

or in space that does not have length, height,
depth, or width

A connection between two or more points
The shortest distance between two points

A line in which no segment is straight

. Any partofa I}ne

A flat, level, even surface such as a piece of
paper lying flat on'a table

To cut across each other

. The common point where lines or surfaces

intersect
At 90" angles to a given plane or line

Straight lines that do not meet or intersect
and are an equal distance apart at all points

. Line used to extend from one view to another

view

Straight lines that do not intersect and
are not parallel or in the same plane

. To divide into two equal parts

. A line straight up and down perpendicular

to the horizontal plane

. Parallel to the plane of the horizon

. What appears as a line when a plane surface is

perpendicular to a plane of projection

. All sides are equal

-—
.
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Intersect
Skew lines
Edge

Bisect

Point

Vertex

Line
Projection line
Perpendicular
Horizontal
Curved line
Plane figure
Vertical

Equilateral

. Straight line

Parallel

Line segment
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2. Match types of angles on the right with their correct descriptions.

a. Figure formed by two intersecting lines 1. Obtuse angle
b, A 90" angle 2. Right angle
____c. Anangle less than 90° 3. Supplementary angles
______d. Anangle greater thar 90° 4. Angle
_____e. Two angles whose sum is 90° 5. Complementary angles
f. Two angles whose sum is 180 6. Acute angle

3. Match types of triangles on the right with their correct descriptions.

a. A plane figure bound %y three straight sudes‘ 1. Triangle
and three interior angles which equal 180

. Right triangle
b. A triangle with three equal sides and three

equal angles Scalene triangle

c. A triangle with two equal sides and two
equal angles

Equilateral triangle

o & w N

. Isosceles tnangle
d. A triangle with no angles or sides equal

e. A tniangle with one 90° angle

-4. Match circular shapes on the right with their correct descriptions,

_a. Thedistance around a circle 1. Tangent
[ N
b. The distance from the center point of a 2. Chord
circle to the outside circumference
3. Sector
c. The distance across a circle passing through its
—— T P 9 9 4. Circumference
center point
. 5. Arc
d. A closed curve all points of which are an
equal distance from the center 6. Quadrant
e. Any portion of the circumference of a circle 7. Symmetrical

f. A round body such as a ball which has all
points of its circumference an equal distance
from its center

g. Having the same point as center

h. Having different points as center, one within
the other

.. The same on both sides of a center line
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A figure drawn within another figure so
a. to touch in as many places as possible

A figure encircled so as to touch in as many
places as possible

A straight line passing through the center of a
geometric body upon which the geometric
body rotates

Meeting a curved line or surface, touch-
ing at one and only one point, but most
definitely not intersecting

A solid figure generated by a circle which is
revolving on an axis which is eccentrical to
the circle

A foreshortened circle having a major dia-
meter and a minor diameter

A solid figure obtained by taking a rectangle
by its edge and rotating it around to its
parallel edge, making the ends parallel, and
the circles equal

Any straight line across a circle that does not
pass through the center

One-half of a circle
Less than a semicircle
One-fourth of a circle

Less than a quadrant

10.
(AR
12.
13.
14,
15.
16.
17.
18.
19.
20.
21,

Torus
Semicircle
Radius

Axis

Ellipse
Eccentric circles
Sphere

Circle

Diameter
Cylinder
Inscribed
Circumscribed
Concentric circles

Circular segment

Match four-sided shapes, cones, agd special figures on the right with their correct
descriptions.

A plane figure bound by four equal sides,
and having four 890" angles :

A plane figure bound by parallel sides of
different lengths to form opposite sides
that are equal, and having four 90° angles

A solid figure with a circle as its base, and a

curved surface tapering evenly to the vertex,,

so that any point on the surface is in a
straight line between the circumference of the
base and the vertex

Curves produced by a plane when it intersects
a right circular cone

130

1.

Helix

2. Cycloid
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e. A cufve generated by a point moving so 3. Quadrilateral
that its distance from a fixed point is equal to ‘
its distance from a fixed line 4. Square
. . . Involut
f. Generated by a point moving along and 5. Involute
around the surface of a cone or cylinder 6. Parabola
with a uniform angular velocity about the .
axis, and with a uniform linear velocity in the 7. Prism
L he axi
direction of the axis 8. Rectangle
g. A curve generated by a point located on +9. Parallelogram
the circumference of a circle as the circle rolls
along a straight line 10. Cone
h. A plane figure bound by four straight sides 11. Pyramid
1. A plane figure bound by four straight sides 12. Conic sections
with the opposite sides parallel
j. A solid figure whose plane bases are parallel
equal polygons and whose faces are parallel-
ograms
k. A solid figure with a polygon for a base, with
triangular lateral faces that intersect at a
common point called a vertex
. A curve traced by a point on a thread or -
— ~  string, as the thread or string unwinds from a
line

6. Match polygons and diagonals on the right with their correct descriptions,

_a. A plane figure with more than three straight 1. Hexagon
sides .
Diagonals
b. Lines connecting opposite nonsymmetrical
corners of a polygon

Octagon

c. A plane figure with equal straight sides
and equal angles; it can be circumscribed

areund, or inscribed in a ¢ircle

2

3

4. Regular polygon
5. Polygon

6

Pentagon
d. A polygon that has five equal sides and

five equal angles
e. A polygon that has six equal sides and six
equal angles

f. A polygon that has eight equal sides and
eight equal angles
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. 7. Identify the following basic geometric shapes.
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K.

m. Quadrilaterals

3)

n. Parallelograms

1) Equilateral

4)




’
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q. Pyramids

1)

3)

-
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" . 8. Match geometrif: terms on the right with their corréct s-}mbols.
g A < ) 1. PerpenQic;la‘r LY

__b R 2. Parallel '
I 4 3. Angle“
____d ” 4, Angles \ : L
e @ 5. Le.ss‘than f\ . -t
___f L . 6.. ‘Grefte: than .
g &Ls 7. Diameter

. - h. > N 8. 'Radius .

g. List three elements needed for measuring parts of a circle.

d.

b.

C.

10. Lsst three elements needed for interpreting degrees in a circle.
LS
. ’ a. , ?

b.

C.

11. Demonstrate the ability to:
a. Bisect alineand an arc.
b. Bisectanangle. °

c. Draw parallel lines. °

d. Construct a perpendicular line to a li: © “"om a point.
e. Divide a line into equal parts.

f. Draw a line perpendicular through a point on a line.
g. Draw an arc tangent to a straight line and an arc.

,./‘ -
h. Dr%n arc tangent to two arcs. .

‘ i.  Consikuct a triangle with sides given.

126
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Construct a right triangle.

Construct an equilateral triangle With one side given.

Inscribe a hexagon inside a circle,

Construct a hexagon with the distance across the flat sides given.
Construct a circle through three giver points.

Construct a pentagon by inscribing

Draw an arc tangent to an acute angle and an obtuse angle.

Draw an arc tangent to a right angle.

Draw an involute of a circle.

Draw an eilipse u:f.ing the approximate ellipse with compass method.
Draw a parabola.

Join two points with a paraboiic curve,

(NOTE: If these activities have not peen accomplished prior to the test, ask
your instructor when they should be completed.) '

I3
-




GEOMETRIC CONSTRUCTIONS
UNIT 1

ANSWERS TO TEST

o o

oo

.oa
b.
C.
d.
e.
f.

oo ow®

@

e.
f

Straight angle
Acute angle
Obtuse angle
Isosceles triangle
Scalene triangle
Right triangle
Equilateral triangle
Circle
Sphere
Pentagon
Hexagon
Octagon
Quadrnilaterals
1.} Trapezium
2.) Trapezod
3.) Rectangle
4.} Square

—x— - Te mpaAONOW®

3
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n. Parallelograms
1.) Equuiateral
a.) Square
b.) Rhombus
2.) Rhomboid
3.) Rectangle
o. Prism
p. Torus
g. Pyramids
1.) Right triangular
2.) Right square
3.) Pentagonal
r Elhpse
s. Cylinder
t. Cone
u. Parabola
- v. Hehlix
w. Involute of a line
x. Involute of a square
y. Involute of a triangle
2. Involute of a circle
aa. Cycloid
8. a 5 e. 7
b. 8 f 3
c. 1 g 4
d. 2 h, 6
9 a Diameter s measured on a straight line passing through the center point of
the circle and extending to the circumference
. Radius 1s measured on a straight {ine from the center of the circle to any pointon
the circumference; equals one half the diumcter
c. Circumference is measured by multiplying the diameter of the circle by =
10 a. A full circie has 360 degrees, written as 3§0°
b Each degree 1s divided into 60 minutes, written as 60’
¢ Each minute is divided into 60 seconds, written as 60"
- 11. Evaluated to the satisfaction of the instructor

139
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ORTHOGRAPHIC VIEWS
UNIT I

UNIT QBJECTIVE

After completion of this unit, the student should be able to identify planes and lines, and

thographic views. This knowledge will be evidenced by correctly performing the procedures
outlined in the assignment sheets and by scoring 85 percent on the unit test. -

construct missing hidden and visible lines, various views, and points, planes, and lines in or-

2.

SPECIFIC OBJECTIVES

Match terms related to orthographic views with their correct definitions.

Distinguish between the types of projection systems.

’ After completion of this unit. the student should be able to:
1

10.
11.
12.
13.
14.

15.

16

Identify the ISO projection symbols.

Arrange in order the steps in visualizing an orthographic projection
List the six views possible in orthograpiiic projection.

List the three most commonly used views in orthographic projection.
Select true statements concerning the steps in selecting correct views of an object.
List the basic dimensions of an object.

List the most common met:ods of transferring dimensions.

Select the projection of lines in orthographic views.

Identify types of planes.

Select the correct usage of hidden lines. \

Select correct line precedence in an orthographic drawing.

Identify line thicknesses used in orthographic drawings.

State the purpose of runouts.

Demonstrate the ability to:

a Identify types of planes in orthographic views.

b. Identify projection of lines in arthographic views.

140 ~




p.

q.

Construct a top view.

Construct a front view.

Construct a right side view.

Construct missing hidden lines.

Construct missing visible and hidden lines.
Construct circlés and arcs using a template.
Make a two-view sketch.

Make a three-view sketch.

Construct a one-view dl:awing.

Construct a two-view drawing.

Construct a three-view drawing.

Construct a runout.

Construct a point in an orthographic view.
Construct a line in an orthographic view.

Construct a plane in an orthographic view.

17. Construct various orthographic drawings.




VI
\ALR
VIII.
tX.

ORTHOGRAPHIC VIEWS
UNIT Il

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information and assignment sheets.

Make transparencies.

Discuss unit and specific objectives.

Discuss information and assignment sheets.

Construct a model in a "Glass box" and discuss orthographic projection.
Use blocks to show various angles and use blocks for sketching.

Construct blocks, if necessary.

DIl-157

Assignment sheets suggest the use of vellum. Other media may be substituted.

Give test.
INSTRUCTIONAL MATERIALS

Included in this unit:
A. Objective sheet
B. Information sheet
C. Transparency masters
1. TM 1--Compariscn Between First and Third Angle Projection
TM 2--Orthogragnic Projection
TM 3--Orthographic Projection (Continued)
* TM 4--Orthographic Projection {Continued)
TM 5--Orthographi:-Projection {Continued)
TM 6--Principal Views in Orthographic Projection
TM 7--One-View Drawings
TM 8--Two-View Drawings

© ® N o o0 & N

TM 9--Three-View Drawinys
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10.

1.

12.

13.
14,
15.
16.
17.
18.
19.
20.
21,

22.

1.
2.

10.
1.

12.

13.

TM 10--Positioning of Views

TM 11-Position of Side View

TM 12--Methods of Transferring Dimensions
TM 13--Visualization of Lincs

TM 14--Projsctiun of Lines in Orthographics
TM 16--Visualization of Planes

TM 16--Planes in Orthographic Projection
TM 17--Visualization of a Point

TM 18--Usage of Hidden Lines

TM 19--Line Precedence

TM 20--Line Thickness in Orthographic Drawing

TM 21--Fillets, Rounds, and Runouts

TM 22--Projection of Fillet and Round Edges

D Assignment sheets

Assignment Sheet #1--Identify Types of Planes in Orthographic Views

Assignment Sheet #2--dentify Projection of Lines in Orthographic
Views

Assignment Sheet #3--Constructa Top View

Assignment Sheet #4--Construct a Front View

Assignment Sheet #5--Construct a Right Side View .

Assignment Sheet #6--Construct Missing Hidden Lines

Assignment Sheet #7--Construct Missing Visible and Hidden Lines
Assignment Sheet #8--Construct Circles and Arcs Using a Template
Assignment Sheet #9--Make a Two-View Sketch

Assignment Sheet #10--Make a Three-View Sketch

Assignment Sheet #11 -Construct a One-View Drawing

Assignment Sheet #12--Construct a Two-View Drawing

Assignment Sheet #13--Construct a Three-View Drawing

113




14. Assignment Sheet #14--Construct a8 Runout
15. Assignment Sheet #15--Construct a Point in an Orthographic View
16. Assignment Sheet #16--Construct a Line in an Orthographic View

17. Assignment Sheet #17--Consgyct’,| Plane in an Orthographic View

E. Answers to assignment sheets

F. Test

G. Answers to test

References:

A. Brown, Walter C. Orafting for Industry. South Holland, IL 60473:
Goodheart-Willcox Co., Inc., 1974.

®

B. Dygdon, John Thomas and Henry Cecil Spencer. Basic Technical Drawing.
New York, NY 10022: Macmillan Publishing Co., Inc., 1968.

C. Giesecke, Frederick E., et al. Technical Drawing. New York, NY 10022:
Macmillan Publishing Co., Inc., 1980.

D. Jensen, Cecil and Jay Helsel. Engineering Drawing and Design. New York:
Gregg Division/McGraw-Hill Book Co., 1979.

E. Spence, William P. Drafting Technology and Practice. Peoria, IL 61615:

Chas. A. Bennett Co., Inc., 1973.
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ORTHOGRAPHIC VIEWS
UNIT il

INFORMATION SHEET

i Terms and definitions .

A. Orthographic projection--Method of representing the exact shape of an
object in two or more views on planes at right angles to each other

B. First-angle projection--All views are projected onto planes located behind the
object

C. Third-angie projection--All views are projected onto planes lying between the
object and viewer

D. Projection lines--Lines used to extend from one view to the next view
E. Height--Distance from bottom to top piane

F. Length--Distance from left side to right side plgne

G. Depth--Distance from front to back plane

H. Normal plane-True size plane that is parallel to one principal viewing plane
and edge view in other two principal planes

I.  Foreshortened--To appear shorter to the eye than it actually is

J. Inclined piane--A plane that is foreshortened in two principal viewing planes
__ang edge view in one other principal viewing plane

K. Oblique plane-A plane that is foreshortened in all three principal viewing
planes

L. Visualize--To form a mental picture or image

Frontal view--Front view

Profile view--Left side or right side view

Horizontal view--Top view

P.  True size--A surface or line that is shown in its actual size

Q. Fold line-A theoretical line between two views where viewing planes fold
(NOTE: This is used as a reference line on drawings.)

R. Line of sight--Direction from which an object i1s being viewed

3

1.

4
4




INFORMATION SHEET

Transfer--Take from one point of view and put in another view
Coincide--To match up identically

Line precedence--Lines that are more important to show than others

< c o ©

Skew (oblique) lines--Nonintersecting lines, not parallel to each other or to
the principal views

=

Runout--Intersection of a fillet o’ round with another surface
Fillet--Sm?II rounded inside corner of an object

Y. Round--Small rounded outside corner of an object

(NOTE: Fillets and rounds are normally 1/4" radius or less.)

Z. Line--Straight element that is generated by a moving point and has extension
only along the path of the point

II.  Types of projection systems (Transparency 1)
A. First-angle--Used in European and Asian countries
B. Third-angle--Used in the United States, Canada, and other countries
I"i. ISO (International Standards Organization) projection symbols (Transparency 1)

A. Firstangle

|
L |

B. Third angle

(NOTE: Location of symbol i1s in lower richt hand corner of drawing an<
adjacent to title block.)
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INFORMATION SHEET

Steps in visualizing an orthographic projection (Transparencies 2, 3, 4, 5, and 6)
A. Visualize by looking at the actual object or picture of the object

B. To obtain views, project the lines of sight to each plane of projection from
all points on the object

C. Rotate all planes until they align with front plane of projection

D. Visualize the six possible views of the object that are revolved into the same
plane as on a drawing surface

E. Inspect views and determine those needed to adequately represent the
object

Views possible in orthographic projection (Transparency 4)
A. Top

B. Front

C. Right side

D. Left side

E. Bottom

F. Rear

Most commonly used views in orthographic projection (Transparency 5)

A. Top
8. Front
C. Rightside

Steps in selecting correct views of an object (Transparencies 6,7,8,9 10, and 11)
A. Select view necessary to best describe contour shape in front view

8. Select the view that contains the least number of hidden lines

C. Select alternate position for right side view if drawing area is crowded

D. Select only needed views necessary to present an understanding of an object




INFORMATION SHEET

E. If there is no other option, select the view that best describes the object
F. Select view positions to avoid crowding of dimensions and notes
Vill. Rasic dimensions of an object {Transparencies 2 and 6)

A. Length
B. Height
C. Depth

IX. Most common methods of transferring dimensions‘ {Transparency 12)
A. 45" mitre line

(NOTE: This is used for projecting depth dimensions.)
B. Dividers
C. Scale
X. Projection of lines in orthographic views (Transparencies 13 and 14)

A. Point .
B. Truelength
C. Foreshortened

Xl. Types of planes (Transparencies 15 and 16)

A. Normal
B. Inclined

(NOTE: True size is determined by auxiliary views.)
C. Obligue

(NOTE: True size is determined by auxiliary views.)
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X111,

XIV.

XV.

DIl-165

INFORMATION SHEET

Usage of hidden lines (Transparency 18)

A. Correct | T TT1T
— | |

|
|
_|._
I ,L.\
B. Incorrect | | ——t—— _________ ’

C. Correct —{‘>
.

A

\
l/
D. Incorrect b

Line precedence in an orthographic drawing {Transparency 19)
A. Visible line -

B. Hidden line

C. Cutting plane line

D. Center line

Line thicknesses used in orthograpf\ic drawings (Transparency 20)

A. \Visible line-- {thick)

B. Hiddenline- __ _ (thin)
C. Center line- (thin)
D. Phantom line- _{thin)

Purpose of runouts--Intersection of fillets and rounds are used to eliminate prob-
lems in castings (Transparencies 21 and 22)




Compa

rison Between First and Third

Angle Projection

/ Object Between
Plane and Viewer

First Angle

=)

Symbol

/&$NT

Viewing PlaneR

Between Object and Viewer

Third Angle
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Orthographic Projection

Projectors perpendicular

\

Line of Sight

7 Top View l

to planes of projection. /

Line of Sight

Front View

ﬁ\/@\

R. Side View
153

Line of

Sight
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Orthographic Projection
Continued

All planes revolve until they align
with front plane of projection.
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Orthographic Projection

Continued
]
Top
| | =) -
l Fronit
Rear L. Side R. Side
_____ED )
Bottom

The six planes are layed on a flat plane as on a drawing surface.

eL-11a
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Ofthographic Projection
Continued .

Top View §J

L
— B & \' ey

Draftsman should be able to rotate views
in his mind as pictured below.

, - - Height
Front Vlew‘ \

~7 R. Side View
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Principal Views in Orthographic Projection

Right angled notch
Eliminate Views Not Needed EE] shown in frent view
and side view.
Top
\__ C— .
/ \ / \ 1 L 1
Rear L. Side _:%
1
7\
Bottom 161
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- One-View Drawings

Objects with very little thickness

Top | .
Q l
’ ‘ require only one view.

eLL-11ag -
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Two-View Drawings

O

Some objects require only two views.

-
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~ Three-View Drawings
Top

Top View
,9/.
Q \\9/}/‘5’/.
Q\Q// %
Some objects require three )
views to describe their shape. J
Front Right Side :
2 150 157 é




Top l

Positioning of Views

| Front

1 ']

AR

Top

I

R SideF

Top Should Be
Above Front

INCORRECT

1 H |
Top [:] ]
R. Side|
| Front  yiews Not
1 11 Lined Up

Top

|

_Efif} Front R.SMe[:
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teg . INCORRECT

CORRECT

é8L-)la




N

Position of Side View

__Top View/l  Shape of object determines
@ / best location for side view.
L . S .
™ RSide view R. Side vueV\{ can be pro1ectefi off
the front view or the top view. .
; | %1 T : | lr » Space limitation requires altemate
L '
Ll iy 4 ) ]; location.
Front View T
NORMAL LOCATION L ] '
i ! {%) sl
N 1t
I
REE
N
111 1|
| L |
5 _ ALTERNATE LOCATION °
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Metﬁods of Transferring Dimensions
| /]

F BE /
45° Mitre LineI / L
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[ |
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Visualization of Lines

N
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Projection of Lines in Orthographics
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Visualization of Planes
. | N
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Inclined Plane
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Planes in Orthographic Projection

Normal Inclined Oblique
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Visualization of a Poi

Space Picture

]
1HOI3IH 11_ a

DEPTH _,

LENGTH

{ LENGTH

V Hid3g0 ! LHOI3NH V_l_

G N

Orthographic View

™ 17
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Usage of Hidden Lines

Correct incorrect

Correct Incorrect

i S N
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| |2
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Correct
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Incorrect
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@ Line Precedence

Visible line :
| precedes hidden line i

Visible line
precedes center line

a5 [

|
E i : Lol
l/"{ 1 E | E
Hidden line precedes Cutting plane line L1 | |
center line precedes center line =7
(M (15
® _I
| 1S
Ic ™ 19




Line Thickness in Orthographic Drawing

Thick Solid Lines Used to
Indicate Visible Lines

Q

3 - Approx. 1/4"" Min.

&

) —

< Center Line Thin Dash Lines

Should not be Broken Used to Indicate
When it Extends \ Hidden Edges

Beyond Visible Line Phantom Lines Used to Indigate
\\ \\ Alternate Position

\
N\

T T
| !
{ ]
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Fillets, Rounds, and Runouts

Fillet

Casting Surface Rough

Round

Finish Surface Smooth

Rounded Corners Round
/ /

' | AN

——— —

@
S
.
N

. rad

— 1 Point of Tangency
Lr+; ! 2. /"/—1 Rounded Corners T
jiSaiSu -
! | ) A |

J |

- — ——

Runout Intersection Runout Intersection
Between a Cylinder Between a Cylinder
and an Elliptical Part " and Rounded Part

™ 21



Projection of Fillet and Round Edges
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ORTHOGRAPHIC VIEWS -
UNIT 111

ASSIGNMENT SHEET #1--IDENTIFY TYPES OF PLANES IN ORTHOGRAPHIC VIEWS

Directions: Identify the types of planes in the drawings by writing normal, inclined, or

oblique in the chart provided. -
{
f
)
}
. I
\‘; PLANE| TYPE
Y Problem A
A
Ay ]
c
F € °
/ €. (
F
6.
B ° ’ c
e ¢ -
 Problem B. FpLane TYPE]
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ORTHOGRAPHIC VIEWS
‘ : UNIT I

ASSIGNMENT SHEET #2--IDENTIFY PROJECTION
OF LINES IN ORTHOGRAPHIC VIEWS

. Directions: Identify correct projection of lines in the drawings by writing point, true jength,
| or foreshortened in the chart provided.

Problem A: . LINE TOP FRONT | R SIDE '

FERE IR A I R,

LINE [ TOP | FRONT [ R SIDE

CAC- TR K EE N R
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ORTHOGRAPHIC VIEWS
UNIT I

ASSIGNMENT SHEET #3 -CONSTRUCT A TOP VIEW

Premise The top view is first viewed on an im.aainary plane, and then drawn in 1ts correct
position using mitre method of transferring dhiy sions

Example

Top

Directions Align views with drafting machine and tape down. Construct top views of
the following objects. Do not show hidden lines. l Top

Problem A. Top Here

g

ll()

3 ) e
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Probiem B

Problem C

Problem D

ASSIGNMENT SHEET #3

-y

— TO°P

. _TO¥

Ay

TOP

123

TOP
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ORTHOGRAPHIC VIEWS
UNIT 1l

ASSIGNMENT SHEET #4.-CONSTRUCT A FRONT VIEW

hY

Premise: The front view is first viewed on an imaginary plane, and then drawn in 1ts correct
position.

Example:

Front

o —

-

4

Directions: Construct the front views of the following objects. Align, tape down, and
do not show hidden lines.

Problem A:

Front

\ ,

Front Here
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P.roblem B

Probiem C:

T

-

Problem D.

ASSIGNMENT SHEET #4

FRONT

2\

FRONT

FRONT

FRONT

()~
PRV
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‘ ORTHOGRAPHIC VIEWS
UNIT L
ASSIGNMENT SHEET #5--CONSTRUCT A RIGHT SIDE VIEW

Premise: The end view is first viewed on an imaginary plane, and then drawn in its cor-
rect position (right or left).

Example:

Side

Directions Ahgn views with drafting machine and tape down Construct the right side
. view In the space provided.

Problem A-

R SIDE

‘ R SIDE

ERIC | 105
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ASSIGNMENT SHEET #5 ‘

Problem B:

R SIDE
N

R vioe

Problem C.

R SIDE

R SIDE

Problem D
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‘ ORTHOGRAPHIC VIEWS
UNIT LIl

ASSIGNMENT SHEET #6-CONSTRUCT MISSING HIDDEN LINES

Example: ~
7~ l

i
Directions: Construct the missing hidden lines in the views below. Align and tape down.
Problem A:
-]
ol |
L
Problem B:

e




222 -

ASSIGNMENT SHEET #6

Probiem C:

Problem D.

129
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"

A
Vv

. ' ORTHOGRAPHIC VIEWS
UNIT 11

ASSIGNMENT SHEET #7--CONSTRUCT MISSING VISIBLE AND HIDDEN LINES

7 .
Directions: Study the views belo?,‘?nd construct the milssing visible and hidden lines.
Align and tape down. oy

Problem A Problem 8.

— @@}

l
, . 11
~ \ ' | I
I I |
1 | |
I
‘ H Iirlﬁﬁ!
/— . B HE
: L L]l
- Problem C: Problem D: i "
—_5
r—/
==
| -
' e d
AN

- 22
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ASSIGNMENT SHEET #7

-t
Problem E- . Problem F: Problem G:
i .

Problem H. Problem ! Problem J:

—

Problem K: : Problem L: Problem M:

Al A

Problem N: Problem O: Problem P:

e | T+

— y— - -+

1
%'r

_i
|
-
|
—1
|

v

¥

_#_




3. Select correct hole diameter on /

DIl

ORTHOGRAPHIC VIEWS
UNIT lil

ASSIGNMENT SHEET #8--CONSTRUCT CIRCLES AND ARCS USING A TEMPLATE

O

Premise: Using circle templates in constructing small circles and arcs will save time. The
templates have four alignment marks that will coincide with the center lines. The tempnate
hole openings will allow for width of lead. A 3/4" hole will actually measure about 13/16".

Make sure pencil is perpendicular with template Use thp procedure in the following
example for zircles and arcs.

L

Example:

1. Block in object with light con-
struction lines

(‘l‘

2. Locate and construct light center
lines for circles and arcs

circle template

.,
Ao ' ~

’
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ASSIGNMENT SHEET #8

Align marks on template with
center lines, and construct the
required circle lightly

{NOTE: Alignment marks on

some templates are not

printed accurately.)

Select correct hole on circle
template for arc radius

NVOTE- Radius is equal to
/2 dham: =r.)

Align marks on template with
center lines, and construct the
required arc lightly

Erase all construction lines not
needed

Darken in circles and arcs first,
then straight lines

(NOTE- Arcs tangent to
straight lines should meet and
align smoothly.)

TANGENT >




Froblem A.

1.

Example:

Construct the three views
showing circle or curve and
angle of inclired plane

Divide the curve into an
equal or random number of

points

(NOTE: Several points are
needed for a smooth curve.)

ASSIGNMENT SHEET #8

Directions: Align bottom of paper with drafting machine and tape down. Construct a
one-view drawing of the gasket in the space below using a circle template. Erase construc:
tion lines and darken in visible and center lines. Do not dimension.

Premise: The intersection of a hole or cylinder with an inclined plane will be shown as
an ellipse or elliptical curve. Ellipses can be constructed with templates or by hand. Ellipse
templates are available in ellipse angles at 5° intervals, such as 15°, 20°, 25°. If an ellipse
template is not available, use the procedure in the following example:

/
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ASSIGNMENT SHEET #8

3. Project point marked No.
4 on curve to other views
to intersect in top view

4. Project the other marked
points to intersect, represent-
ing inclined edge

5§ Sketch a light curved line
through the ntersection of
points

6 Erase construction hnes and
darken 1in curve line with the
aid of an rreqular curve

i i i
2 - 2
3‘ T 13
e o 7
s 7l e’
T I
N, >~

[ VY

&
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ASSIGNMENT SHEET #8

Directions: Construct three views of the following object full size on available media.
Leave construction lines. Do not dimension. Leave 1" of space between views.

Problem B:
|
3 i ——

_..|

Ll

T

~lev

-

~ ik

)
2
~sk
Sl

Directions: Construct three views of the following object full size on available media.
Leave construction lines. Do not dimension. Leave 1" of space between views.

Problem C:

SO .
~_|-21-—-|
\ .}
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ASSIGNMENT SHEET #8

Directions. Construct three views of the object below full size on available media. If el-
hpse template 1s not available, use 45° inclined plane angle. Erase construction hines. Do
not dimension,

Problem D




ORTHOGRAPHIC VIEWS
UNIT il

ASSIGNMENT SHEET #9-MAKE A TWO-ViEW SKETCH

DIl

Premise: A two-view sketch can be made by using the procedure in the following example.

Example:

1.

r

Sketch the horizontal lines to locate the height of the
object

(NOTE: The distance at the top and bottom of the
paper should be the same.)

Sketch the verticat lines to locate the width and depth
of the object

(NOTE. The distance at the left side and right side of
the paper should be the same. The distance between the
views can be the same as that on the left side and
right side or slightly less than that space.)

Block in details using diagonals to locate centers, and
lightly sketch the circles and arcs

Use an artgum eraser to dim construction lines and
darken in visible lines

Directions: Make a two-view sketch of the following object.

Problem

8

1

A




ORTHOGRAPHIC: VIEWS
UNIT i

ASSIGNMENT SHEET #10--MAKE A THREE-VIEW SKETCH
Example:

1. Sketch the horizontal lines to locate the height of the WIDTH
object ) : o

(NOTE: The distance at the top and .bottom of the
paper should be the same. The distance between the top
and front views can be the same as that on the top and
bottom or slightly less than that space.) LR

A
c
) e
2. Sketch the vertical lines to locate the width and depth «LT__—L
of the object .

(NOTE: The distance at the left side and right side of
the paper should be the same. The distance between the
views can be the same as that on the left side and right
side or slightly less than that space. In the top and —

side views, the depth must be equal; this can be done by g o \
’ marking a piece of paper with depth.)
3. Block in details using diagonals to locate centers, if U

necessary, and lightly sketch the circles and arcs

\
4. Add line features to the views of the object

5. Use an artgum eraser to dim construction lines and |
darken in visible lines

B
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ASSIGNMENT SHEET #10

Directions: Sketch three views of the object using grids for measurements.

Problem.

T
! i .
[ ] RN
! . NI . L
1 — - +
! i \ : ! i '
M 3 4
i s M LR 1 i
| . ; w _
' D! * * IR d +
t 13
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! 1 H -~ . .
AR S LIS IR SRS I
. i . { | ' i : ! '
Ts'.bll!.l.l‘l'.ol_ — -+ - — hv —— - ,h|| T
‘ ' i ' \ -
} J , .
L n k. - .Jll,_ﬂ!y*, T 4;|4!l QI»F. ltllA
e T T T mamae thS S
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AR SR B S &
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\ Lo |
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ORTHOGRAPHIC VIEWS
UNIT HlI

ASSIGNMENT SHEET #11-CONSTRUCT A ONE VIEW DRAWING

Premise: It is impprtant for good appearance that views be well balanced on drawing media,
yvhether the drawing shows one, two, three views, or more. Use the procedure in the follow-
ing example for spacing a one-view drawing.

Example: A
v o X

1. Locate the center of the working
space by constructing diagonals

|
b
3
(Figure 1) ‘ Sule CEMTER
21

womkine sPact

—

FIGURE 1
= 2. Block in lightly horizontal construction B
lines by measuring the distances x:\{ CeweTh couaLs 13-
(Figure 2) j\\"”' :1 .
——
~ FIGURE 2
3. Block in lightly vertical construction W
lines by measuring the distances g NEIONT EAUALS 1T ’;
(Figure 3) "‘S*'(' ; - !
X - |
[

FIGURE 3

D Il - 23¢




ASSIGNMENT SHEET #11

— ==
i

4 Construct the necessary light center lines,
circles, arcs and then straight lines

(Figure 4) 1 2
-

fon - PO - o —

FIGURE 4

5 Erase construction lines not needed (Figure 5) o
6 Darken circles and arcs first, then straight i( —_\
lines {Figure 5 n t
ine gure 5) | WQ-
7. Fiiin title block 1 T
‘ MATL | T
;[ IY TLE BLOCK
L T
FIGURE 5

Directions: Center and constru.t the gasket full size on A size vellum. Use standard title
blogk. Do not dimension.

Problem:

to

-
o



ORTHOGRAPHIC VIEWS
UNIT I

ASSIGNMENT SHEET #12--CONSTRUCT A TWO-VIEW DRAWING

Premise: It is important for good appearance that views be well balanced on drawing media.
The drafter must determine the size of the object to be drawn, number of views, scale used,
and space between views. Space between views should be allotted for notes and dimensions.
Use the procedure in the following example for allotted space for a two-view drawing.

Example: . | DIA

FIGURE 1
o e 'o* - - -y
rry 1 -
A L
1. Calculate the spacing of views : 1 |
for object shown in Figure 1 N —
. A . .
(Figure 2) |y !
! zl‘ : !
#WNOTE: Spacing is assumed K b e i ]
between views when drawing LT -'}: T ]
is dimensioned.) ~ j‘ .- 4 ¢ "
23 . G
2. Block in views. with light z; O FIGURE 2

horizontal and vertical .3 ° F-31gen
construction lines through '

[
spacing marks (Figure 2) ‘.L oF
: 'S -s§
3. Locate center lines, and then GL.- s%- o

(Figures 2 and 3)

— e -
4. Add light visible and hidden ' @ . L

lines {Figure 3)

construct light arcs and circles - 1
|
|

|
i -
(NOTE: Do not complete LE .
|

!
one view before starting on ! f
another.) .

FIGUREJS '
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oF ASSIGNMENT SHEET #12 ' /

5. Erase unnecessary construction

lines, and then darken in_
circles, hidden lines, and vis- <
ible lines (Figure 4) '

|
(NOTE: Hidden and center |
lines should be thin in contrast T jb
to the visible lines, but should
isi | T

be dark enough to reproduce,
well.)

o 6. Letter in title block FIGURE 4

Directions: Construct two views full size on A size vellum. Use standard border and title
block. Do not dimension. ’

l
J

Problem:

13 DIA
2"HOLES

13 R TYP

N
Sl

g
-
ea
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. ORTHOGRAPHIC VIEWS
UNIT 111

ASSIGNMENT SHEET #13--CONSTRUCT A THREE-VIEW DRAWING

Premise: A drafter should space views so that they will give the drawing a balanced appear-
ance. Before drawing an object, the number of views needed must be decided and a three-
view drawing is sometimes required. To construct a three-view drawing use the procedure in
the following example.

Example:

the front view for object shown in
Figure 1 :

o [
1. Select the proper surface to represent j_ E ___1_4 (/ n-',
L

2. Construct a three-view sketch to
determine dimension for blocking in
and to clear up any uncertain
details

3. Select a sheet’size and scale that will
avoid crowding of views, dimensions,
and notes

N,

(NOTE: For this procedure the
‘ scale, dimensions, notes, and title
¢ block are omitted.)

4. Calculate the spacing of the wiews
for a standard drawing sheet
(Figure 2)

5. Block in views with light horizontal
and vertical construction lines through ¢
spacing marks _ (Figure 3)

N

.{NOTE: Check measurements care-

) o e —
‘ fully when blocking in views.) FIGURE 3

-

3
[ X
ot
@,




.
¢

ASSIGNMENT SHEET #13

Construct mutre line for transferring

of measyrements in top and right
side vnei»S\(Figure 3)

Locate center lines and construct
light arcs and circles, straight visible
lines, and hidden lines (Figure 4)

(NOTE: Check,layout carefully for

_missing lines, notes, or special shapes

required.)

Erase unnecessary construction lines
and gve drawing a good cleaning
(Figure 5)

Darken in arcs and circles, and then
center lines, hidden lines, and visible
lines (Figure 5)

.. Letter notes and title block

Check finished drawing carefully for
spelling, lineweight, and general
appearance

—

J

FIGURE 4
—
FIGURE 5
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ASSIGNMENT SHEET #13

Directions: Construct three views of objects shown full size on B size vellum. Do not dimen-
sion,

Problem A: Normal surfaces




| ORTHOGRAPHIC VIEWS
. UNIT 111

ASSIGNMENT SHEET #14--CONSTRUCT A RUNOUT

freehand, with irreguiar curve, or with a circle template. The circle template procedure is

\
|
|
\
' Premise: The arc of the runout is the same radius as the fillet or round. It may be drawn
F used in the following example.

Example:
1. Project point of tangency from top to front view& Point of
(Figure 1) Tcn.ancy
T T )
! | | 14
' -
'l - .
FIGURE 1

2. Construct 45° line through fillet's center to locate \
point A, and then project to point A' (Figure 2)

3. Center B is found by projecting from A' to 45° to the
horizontal projection through B' (Figure 3)

FIGURE 3

|
!
+ -+
4. Use circle template to construct runout arc from A’ kj
using center B (Figure 4)
R
; +
il
T 3

‘FIGURE 4

i

L g
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ASSIGNMENT SHEET #14
Directions: Align the horizontal center line of the object below with drafting machine.
Tape down. Construct the runouts. Do not erase construction lines.

R\ —
VA

Problem.

-" FILLETS &
ROUNDS

- - -
J——

e e _— - — -y

i
|
|

N
|
|
|
|
|
!
L f
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ORTHOGRAPHIC VIEWS
UNIT 11t

ASSIGNMENT SHEET #15--CONSTRUCT A POINT IN AN ORTHOGRAPHIC VIEW

Premise: A point in space has position but no extension such as the intersections of two
lines. Three dimensions are necessary to fix its position in space. The procedure for the
orthographic projection of one point will be used in the following example.

Example:
1. Use given point A in two views (Figure 1)

2. Project perpendicular lines from point A to reference
lines RL1 and RL2 (Figure 1)

(NOTE Light projected lines perbendicular to reference
lines should be used to align the projections.)

3. Construct mitre line to project depth dimension from
top to right side or right side tc top (Figure 1)

(NOTE: This is needed only to establish position in top

view or right side view.)

4. Project point SoT and AF to intersect in right side view
o establish point in third view (Figurc 2)

MITER
-AT > LINE A
o —F
RLI T
= ["TF |rs RLI_ _h__ T
F IRS
e ——
A ° T .
F
: . AF [] ARS
" RL 2
rLI2
FIGURE 1 FIGURE 2




ASSIGNMENT SHEET #15 ‘

Directions: Align drafting machine with reference hine and tape down for the following
problems. Leave construction hnes. Construct the points in the third view. Label points

in third view.

Problem A:
RL ! . ﬁT_
.8 F RS B
Ce o C
.‘A\ : Ao
rtl?
Problem B:
D‘
.E 2
f o .F +
RLI __ T X
F |RS s
o F
s E
|
1 . D
RL|2 )




ORTHOGRAPHIC VIEWS
UNIT I

DIl -247

ASSIGNMENT SHEET #16-CONSTRUCT A LINE IN AN ORTHOGRAPHIC VIEW

Premise: Lines are grouped into types as normal, inclined, or oblique,

exampte for gblique lines can be used for inclined or normal lines.

they are positZoned with relationship to the reference lines. The procedure in the following

depending on how

\

Example:
/ .T

1. Use given line AB in two views (Figure 1) R T T

~

2. Project perpendicular lines from pnints A and B to ref-
erence lines RL1 and RL2 (Figure 2)

3. Construct mitre line to project depth dimensions from
top to right side or right side to top view (Figure 2)

\

FIGURE 1

<
a2
o
—_
»
4
-~

;

4: Project points AT, BT and Af, Bf to

night side view, locating points ARs, Baé (Figure 3) .

\

FRU 2
FIGUTE 2

il

|

A\ 1
4 |

;

l.l)
b

r ]
R.L| 4 o

FIGURE 3



ASSIGNMENT SHEET #16 . ‘
5. Connect points ARg, BRg with a line (Figure 4) /l
g , —F /\
L
. \
-1 RS
ST\
. ‘ o l' .
RL| 2
FIGURE 4

Directions: Align drafting machine with reference line and tape sheet down. Construct
the third view of the line or lines given in the space provided.

Problem A: \

4 RS




Problem B:

Problem C:

ASSIGNMENT SHEET #16

CT DT
T —_— ]
F IRS
c Dg 1
F Fi
Ay
By
. Cr D+
T
—F "7 |ss
A¢ D¢
)
|
Ce Be
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ASSIGNMENT SHEET #16 ) ‘
Problem D.
. Ly .
Ky
|- " :
T .
VR
F < RS
v LF
U .
-
Mg .
Ke
. -

A LS R
A




ORTHOGRAPHIC VIEWS
UNIT 11

DIi-

ASSIGNMENT SHEET #17-CONSTRUCT A PLANE IN AN ORTHOGRAPHIC VIEW

Premise: Planes are without thickness. A plane may be constructed by intersecting lines, two
parallel lines, a line and a paint, three points, or a triangle. The procedure in the following
example is for constructing the third view when two views are given.

Example:

1.

Use given plane ABC in two views (Figure 1)

O
FIGURE 1
Project perpendicular lines from points A, B, and
C, to reference lines RL1 and RL2 (Figure 2)
Construct mitre line to project depth dimension from
top to right side or right side to top view (Figure 2) .
Project points AT, BT, Ct, and Af, Bf, Ct, to right
side view, locating points Ags, BRs, CRs (Figure 3)
[ 8t
\ Ay
A
T Q -
(]
AL 1T T THDN S I S
Ce LAELE Cg RS
Ar
| —=Ae > '
[ 1
. ! 4
'r £ .F
FIGURE 2 FIGURE 3
ARTY
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ASSIGNMENT SHEET #17 , '

’

v

5. Connect poinfs. ARs, BRrs, CRs with lines to form
plane (Figure 4) .

r NS ‘
FIGURE 4 '

Directions: Align ‘drafting machine with reference line and tape sheet down. Construct
the third view of the plane given in the space provided. .

Problem A: =~

"0
<27

&




‘ ASSIGNMENT SHEET #17 ‘

Problem B; D¢
v
Qy
P
T 4 __
Of o
B |
L ) OF
Problem C:
Er
)
Fr
T Gy
Fo—




ASSIGNMENT SHEET #17 ‘

Probtiem D.
J
By
O+
c T
F - .
Br RS
)
A O
Cr
’
¥
» 22:
. = %
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ORTHOGRAPHIC VIEWS
UNIT i1

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

A.

PLANE TYPE

A Normal

B Normal

C Normal
D Normal

€ Normal

F Inclined

G Inclined

.

Assignment Sheet #2

A.

o 0 b W

Line

1

Top Front  R.Side

TL Point  TL
TL Point  TL
FS TL FS -
TL FS FS
TL TL Point
Point  TL TL
TL Point  TL
Point  TL TL
FS TL FS

PLANE TYPE
A Normal.
B Normal
C Normal
D Inclined
E Oblique
F Oblique
G Normal
Line Top Front
1 TL TL
2 FS FS
3 FS FS
4 CTL Point
TL FS
6 TL TL
7 TL FS
8 TL FS
| 9 FS FS

o

()

R.Side -
Point

FS

FS

TL

FS

Point

FS

FS

FS



Assignment Sheet #3

A.

C

e - — - n

Assignment Sheet~#4

A.

T_\ |

231
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Dl

Assignment Sheet #5

Assignment Sheet #6

e e e e e o

e e e e et s e g

e e s > = e e

e e e n —— p—

I

-t —— ——|~1

k- ————ﬂ-d

— — a— — — —

i

7

4

e
Id

.——L/:———-i

b e e s o

Ao

Dy




Assignment Sheet #7

pse  w— cvmee @— v

e —— — — c——

s . — —

e | e — e b

M

LIS




‘ Assignment Sheet #7
E. F. G.




Assignment Sheet #8

A. Evaluated to satisfaction of the instructor

1

\
\ £
™

\
C. /

e ———————

™~

+




o

Assignment Sheet #9

ﬁlluln

e

ﬁ"l

Assionment Sheet #12
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Assignment Sheet #13

o - > - - - -

- ans o e ens e

1

Assignment .'?,heet #14 /*\ ‘__:@_
Ny

-
I
4




Assigment Sheet #15

A, A
-v-—.—r_‘
-
il Lo
F
[ ]
®

Assignment Sheet #16

A

/

Ars

—

IRS

RS

 Crg~Ors




Assignment Sheet #17

|
3




ORTHOGRAPHIC VIEWS
UNIT 1

NAME

TEST

Match the terms on the right with their correct definitions.

Method of representing the exact shape
of an object in two or more views on planes at
right angles to each other

*

All views are projected onto planes located
behind the object

All views are projected onto planes lying
between the object and viewer

Lines used to extend from one view to
the next view

Distance from bottom to top plane
Distance from left side to right side plane

Distance from front to back plane

. True size plane that is parallel to one principal

viewing plane and edge view in other two
principal planes

A plane that is foreshortened in two principai
viewing planes and edge view in one other
principal viewing plane

A plane that is foreshortened in all three
principal viewing planes

To appear shorter to the eye thar it actually
is

To form a mental picture or image

. Frontview

. Left side or right side view

Top view

A surface or line that is shown in ts actual
size

A theoretical line between two views where
viewing planes fold

w

10.
1.

12.
13.
14.

15.
16.
17.

® N o0 o &

Skew lines
Fold line

Horizontal
view

Frontal view
Oblique plane
Line

Round

Profile
view

Fillet
Length

First-angle
projection

Coincide
Visualize

Projection
lines

Runout
Height

Line
precedence




Distinguish between the types of projection systems by placing an

Direction from which an object is being
viewed

Take from one point of view and put in
another view

To match up identically

Lines that are more important to show
than others :

Nonintersecting lines, not parallel to each
other or to the principal views

. Intersection of a fillet or round with another,

surface
Small rounded inside corner of an object

Small rounded outside corner of an object

Straight. element that is generated by a
moving point and has extension only along
the path of the point

type used in the United States.

a. First-angle

R b. Third-angle

Identify the ISO projection symbols.

-

18.
19.

20.

21,
22.

23.
24,
25.
26.

Foreshortened ‘

Orthographic
projection

Inclined
plane

True size

Third-angle
projection

Depth
Normal plane
Line of sight

Transfer

"X" next to the




o

4. Arrange in order the steps in visualizing an orthographic projection by placing the

correct sequence numbers in the appropriate blanks.

a. To obtain views, project the lines of sight to-each plane of projection from’
all points on the object

b. Inspect views and &termine those needed to adequately represent the object

c. Visualize by looking at the actual object or picture of the object

d. Rotate all planes until they align with front plane of projection

e. Visualize the six possible views of the object that are revolved into the same
plane as on a drawing surface

List the six views possible in orthographic projection.

a. d.
b. e.
c. f.

List the three most commonly used views in orthographic projection.

a. N

b.

C.

Select true statements concerning the steps in selecting correct views-of an object
by placing an "X" in the appropriate blanks.

a. Select view necessary to best describe contour shape in right side view

b. Select the view that contains the greatest number of hidden lines

c. Select only needed views necessary to present an understanding of an object

d. If there is no other option, select the view that best describes the object
i

e.. Select view positions to avoid crowding of dimensions and notes~ ]

(

J




8 List the basic di.ensions of an object )

10 Select the projection of fhes in he et 1S vy & Dy lgeing an "X" in the appro-

priate blanks,

A
v

a Forechort nea
b Skew . \%

c. Point

d True length ] i
g .-

11 ldennufy types of plancs ‘

A
a Fooonagnes 3 ) ] . L B

b B planes

C planes
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13. Select correct line precedence in an orthographic drawing by placing an "X" in the
appropriate blanks. o

c. cutting plane hine

. . \ .
d. center line g. center line

/ h. hidden line .

e. wisible line

"

f. hidden line’

RS ——

o - o -

LA B

gt
)

-
L
e = 4
- o
i
—
&l
r
+i-
L1

a. center hine

b. wisible hine

o)
-a
-




14 1dentify line thicknesses used 1n orthographic drawings.

- - o e e — a e e e e e mmtmn = e e am o - e ee e e le e -
b L ~ o )
. _ C ) o
____________ d e e e e e e et o st e i et e e
15 State the purpose of runouts.
16 Demonstrate the ability to
d identify types of planes in orthographic views

h  identify projection of lines in orthographic views

(3 Construct a top view

d  Construct a front view. *
e Construct a right side view
t Construct missing hidden lines R
g  Construct mussing visible and hidden lines
h Construct circles and arcs using a template
Make a two-view sketch. ‘
] Make a three view sketch
k Construct a one view drawing
' Construrt g two view drawing
m Construct a three view drawing
n Construct & runout
o Construct a point in an orthographic view
i Construct a hine in an orthoyraphic view
Q Conslruvt a plane i an orthographic view
(NOTE  If these activities have l\‘()t Beot qeeoms, . b et et CoLoat

mstructor when they stiould be completed




17. Construct various orthographic drawings.

a. Complete the missing lines and views.

L

—

R
N\

DIl-2

VAN

1 2 3)
——2 :——+
‘ L L

4) 5) 6)

b. Construct three views of the object
using the corners given. Each mark is

full size shown in pictorial. Begin the views
equal to 1/4".
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c.  Construct three views of the object full size shown i pictonal Each mark s

f«

|
5 DIA HOLES

d Construct a runout Leave
construction lines

© (. oastiact ponts A and B in night

sde ey

8
.
A
Y]
T
FIRS
A [ ]
v v '
! |
1 ' |
! i | l ®
| v ] J a
1 - 1 .-
¢ Construct oo s in i Constract piane ABC o nightt
frort view ‘

Seob e




10.

1

a 19 m.

b. N n.

c. 22 o.

d 14 p.

e. 16 q.

f. 10 r.

g 23 s.

h. 24 t.

i 20 u.

;. b V.

k. 18 wW.

. 13 X.
Y.
Z.

b

a  Third-angle

b. Firstangle

a. 2 d.

b 5 e.

c. 1

a. Top

b. Front

c Right side

a Top

b Front

c. Right side,

c d, e,

a. Length

b. Height

c. Depth

a. 45 mitre line

b. Dwiders

c Scale

a,cd

a. Oblique

b Inclined

c. Normal

ORTHOGRAPHIC VIEWS
UNIT I

ANSWERS TO TEST

Left side
Bottom
Rear

rd
-a

(V.

P X
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12' ar dr fr ir kr mr n

13. b,c,eh
14. a. Phantom line {thin) c. Center line (thin)
b. Visible line {thick) d. Hidden line (thin)

15. Intersection of fillets and rounds are used to eliminate problems in castings

16. Evaluated to the satisfaction of the instructor

17. a
I
| |
: | L/ \_
) 1B
| 1
| |
| |
1 i
1) 2) 3)
] ) )
TTT Ty
[ ey,
— t— _/
|
|
' —
1 |
4) 5) 6)
b
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DIMENSIONING PROCEDURES
UNIT IV

UNIT OBJECTIVE

After completion of this unit, the student should be able to relate dimensioning to correct
size, shape, and location and be able to identify lines and correct line placement. The
student should also be able to relate arrowheads, dual dimensions, finish marks, and mating
dimensions to their purposes, and draw various illustrations that show how to properly
apply the rules of dimensioning. This knowledge will be evidenced by correctly performing
the procedures outlined in the assignment sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1.

— emd emd embh embh  oemb ambh emb b
©® N o ¢ A~ W M -

© © ® N o 0 & W N

Match terms related to dimensioning procedures with their correct definitions.
Distinguish between size description and shape description.
Differentiate between the types of dimensions.

Match the systems of placing dimensions with their correct definitions.
Match common abbreviations with their correct meanings.

Name and define three systems of writing dimensional values.

Identify four basic tynes of lines used in dimensioning.

Select true statements concerning rules for lines used in dimensioning.
Differentiate between correct and incorrect placement of leader lines.
State how to draw arrowheads,

List two rules concerning arrowheads.

Select true statements concerning rules for dimensional figures.

State the purpose for using dual dimensioning.

Match the methods of dual dimensioning with their correct definitions,
Select true statements concerning rules for placement of dimensions.
Arrange in order the steps in applying dimensions to an object.

State the purpose of finish marks.

Draw four types of finish marks.
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19. Select true statements concerning rules for finish mark’s,
20. State the purpose for i ‘otation on a drawing. ’
21. Select true statements concerning rules for notations.
22. Name and define the two types of notes used on a drawing.
23. Select true statements concerning rules for dimensioning common machine
manufactured features.
24. Select true statements concerning methods of dimensioning arcs in available
spaces. ’
25. Draw an illustration that shows how to correctly dimension angles.
26. Draw an illustration that shows how to correctly dimension curves.
27. Draw an illustration that shows how to correctly dimension rounded end shapes.
28. Draw an illustration that shows how to correctly dimension a spherical object.
29  Draw an illustration that shows how to correctly dimension cylindrical objects.
30. Draw illustrations that show how to ccrrectly dimension cones, pyramids, and
prisms.
- 31. Draw an illustration that shows how to correctly dimension features on a circular
center line.
® 32. Draw an illustration that shows how to correctly dimension a theoretical point
of intersection,
33. State two reasons for avoiding superfluous dimensions. .
34. List ways to avoid superfluous dimensions,
35. List two factors concerning mating dimensions.
36. Draw a illustration that shows how to dimension an object using a selected
coordinate system.
37. Identify various standard machine manufactured features.
38. Write proper dimension notes for standard machine manufactured features.
39. Demsnstrate the ability to:
. a. Construct arrowheads. ’
h. Dimension arcs.
c. Dimension angles.
. d. Dimension curves.
250
Q
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Dimension rounded end shapes.

Dimension spherical objects.

Dimension cylindrical objects.

Dimension cones, pyramids, and prisms.

Qimension features on a circular center line.

Dimension a theoretical point of intersection.

Dimension an object using a rectangular coordinate system.
Dimension an object using a polar coordinate system.
Dimension an object using a tabular coordinate system.
Dimension an object using an ordinate dimensioning system.

Dimension an object using proper dimensioning rules and correct tech-
niques to completely describe the object.

("'J

by s N
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DIMENSIONING PROCEDURES
UNIT IV

SUGGESTED ACTIVITIES

Provide student with objeIt:c sneet.

Provide student with infofmation and assignment sheets.

Make transparencies.

Discuss unit and specific objectives.

Discuss information and assignment sheets.

Arrange for the test to be presented one half at a time to facilitate 1ts length.

Have file drawings or working drawings available to demonstrate dimensioning to
the class.

Give test. o
INSTRUCTIONAL MATERIALS

Included i1n this unit:
A. Objective sheet
B. Information sheet
C. Transparency masters
1. TM 1-Descriptions and Dimensions
TM 2-Aligned System
TM 3 -Unidirectional System
TM 4.-Types of Lines
TM 5-Rules for Lines
TM 6-Arrowheads
TM 7 -Rules for Figures
TM 8-Staggered Numerals

© ©® N o v &> W N

TM 9--Dual Dimensioning Methods

—
©

TM 10-Placement of Dimensions




11. TM 11.Steps in Applying Dimensions
11A--Overlay
1 1\8;:0verlay5
11C--Overlay
11D--Overlay
12. TM.12--Rules Pertaining to Dimensioning Common Features
13. TM 13--Dimensioning Arcs
14. TM 14 Dimensioning Angles
15. TM 15.-Dimensioning Curves
16 T’N‘ 15- Dimensioning Rounded End Shapes
17. TM 17--Dimensioning Spherical Objects
18. TM 18--Dimensioning Cyhindrical Objects
19. TM 19-Dimensioning Cones, Pyramids, and Prisms
20. TM 20--Dimensioning Features on a Circular Center Line
21  TM 21-Superfluous Dimensions
22 TM 22--Superfluous Dimensions (Continued)
23. TM 23-Superfluous Dimensions {Continued)
24. TM 24--Mating Dimensions
25. TM 25--Hole Operations
D Handout 1-Abbreviations
£ Assignment sheets

1. Assignment Sheet #1--Write Proper Dimension Notes for Standard
Machine Manufactured Features

Assignment Sheet #2--Construct Arrowheads

Assignment Sheet #3--Dimension Arcs

Assignment Sheet #5--Dimension Curves

2

3

4. Assignment Sheet #4--Dimension Angles

5

6. Assignment Sheet #6- Dimension Rounded End Shapes
7

Assignment Sheet #7 -Dimension Spherical Objects

)~ -

ERIC i
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v
‘ 8. Assignment Sheet #8.-Dimension Cylindrical Objects
9. Assignment Sheet #9--Dimension Cones, Pyramids, and Prisms
10. Assignment Sheet #10--Dimension Features on a Circular Center Line
11. Assignment Sheet #11.-Dimension a Theoretical Point of Imersec.tion

12. Assignment Sheet #12--Dimension an Object Using a Rectangular Coor-
dinate System

13. Assignment Sheet #13-Dimension an Object Using a Polar Coordinate
System

14. Assignment‘Sheet #14--Dimension an Object Using a Tabular Coordin-
ate System

15. Assignment Sheet #15--D|mer\ision an Object Us:ng an Ordinate Dimen-
sioning System

16. Assignment-Sheet #16--Dimension an Object Us}ng Proper Dimension-
ing Rules and Correct Techniques to Comnpletely Describe the Object

F. Test
G. Answers to test
. References:

A. Brown, Walter C. Drafting for Industry. South Holland, IL 60473: Good-
heart Willcox Co., Inc., 1974,

* B. Dygdon, John Thomas and Henry Cecil Spencer. Basic Technical Drawing.
New York 10022: Macmillan Publishing Co., 1968.

C. Giesecke, Frederick E., etal Technical Drawing. New York: Macmillan
Publishing Co., Inc., 1980.

D. Jensen, Cecil and Jay }Telsel. Engineering Drawing and Design. New York:
Gregg Division/McGraw-Hill'Book Co., 1979.

-4
E. Spence, William P. Drafting Technology and Practice. Peoria, IL 61615:
Chas. A. Bennett Co., Inc., 1973.

. Additional reference-Oberg Erik and F. D. Jones. Machinery's Handbook.
New York, NY 10016: Industrial Press, Inc., 1978.

)




DIMENSIONING PROCEDURES
UNIT IV ) '

LY
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INFORMATION SHEET

Terms and definitions

A
B.

Superfluous--Exceeding what is suffic‘ent or necessary

Datum--Points, lines, or other geometric shamé assumed to be exact from
which the location or geometric features of a part may be established

Tabular--Set up in rows and columns, by means of a table

Reference dimension-A dimension used for information purposes only;
it does not govern production or inspection operations

Actual size--Measured size of a complete object 4
Finish mark--A symbol used to indicate a surface to tse machined
Taper--A gradual decrease or change of diameter from one end to th.e other

Bevel--A slanted flat surface not at 90° to another surface

Chamfer--A shight bevel removed from an edge

Drill-A tool with a pointed cutting edge used to make a hole in hard surfaces

Rove-To enlarge a hole with a boring bar or tool in a lathe, drill press,
or boring mill ' . :

Ream -To enlarge a finished hole slight'y to a very precise diameter with .
a reamer

Counterdrill--A second, larger drill along the same center line as a first drill,
but not as deep g

Countersink A funnel-hke bevel at the surface end of a drilled hole; standard
included angle s 82°

Counterbore--An enlargement of the end of a hole to a specified diameter
and depth

Spot face-A machined circular spot on the surface of a part to provide "
a flat bearing surface for a bolt head

Knurl--The process of rolling depressions in the surface of an object
Relief groove- A shallow groove that allows for a thread relief

Blind hole -A hole not drilled all the way through




INFORMATION SHEET

T. Tap-A tool used to cut internal threads

U. Die--A tool used to cut external threads
L]

V. Boss-A raised flat, cylindrical surface providing a flat surface for bolts

W. Radial--Moving along a radius

X. Nominal-Designated or theoretical size thatdmay vary from the actual
H Size and shape dcscription (Transparency 1)
A. Size description-The notes and dimensions that tell the size of an object
B. Shape description--The views that illustrate the shape of an object
¥ Types of dimensions (Transparency 1)

A. Size dimension-Any type of dimension that tells how large or small an
object 1s '

B. Location dimension-Any type of dimension that locates a feature on an
object

Example:
- -—-- = SIZE - , - - SIZE -

= LOCATION =~ LOCATION -~ — LOCATION

| i

) LOCATION: ST
Q Q ’ SlZE 7 P

‘- SIZE CSIZE SIZE
v Systems of placing dimensions and definitions

A. Aligned system--All dimension figures are aligned with the dimension lines so
’ that they may be read from the bottom or from the right side of the sheet
(Transparency 2) )

. (NOTE- Dimensions and notes shown with leader lines are aligned with

the bottum of the page.)

l)..‘
~4,J
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INFORMATION SHEET
B. Unidirectional system -All dimension figures and notes are lettered hortzon-
tally on the sheet and read from the bottom of the drawing {Transparency 3)-

(NOTE: Never letter dimensions or notes In either system tc read from
the left of the sheet.)

Common abbreviations and meanings (Handout 1)

ANSI--American National Standards Institute

A,

B. ASSY--Assembtly
C. BEV--Bevel

D. B/M Billo
E.

BC--Bolt circle

F Cl-Castron
G  CS--Cast steel '
H CL -Center ligfe )
! ter to center
J. CH -Lhamfer
K Id rolled steel
L. ’ RE--Counterbore
. ‘ ClSRILL--Counteran_

CSK- Countersink

o z

DEG--Degree

—~—

P DIA Diameter

Q DIM. Dimension

R DWG Drawing

S.  FAOQ Finish all over

T ID Inside diameter . '
U KST keyseat

V  KWY Keyway

W. LH Left hand

2
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INFORMATION SHEET

X. MATL--Matenal

Y MI‘L-STD--Mllltary standard

2 OD:-Outsidg diameter

AA. R--Radius

BR SAE--Society of Automotive E ngineers
CC. SF--Spot faced

OD THD--Thread

EE. TOL -Tolerance

{(NOTE: Refer to Handout 1 or ANSI Y1.1.1972 for other standard
abbrewviations.)

Vi Systems of writing dimensional values and their definitions

A. Fractional-System of units and common fractions used primarnily in struc-
tural work ’,

B. Decimal -System of units and decimals used in machine drawing where
extreme accuracy is required

\

{NOTE: The decimal Sys‘\tem Is compatible with the calibrations of machine
tonl controls and numeridally controlled machine tools.)

\
C Metric--System of umits \pn.d decimals based on "The Internatior il Sys-
tem of Units", where the millimeter is the linear unit of measure

\

{(NOTE: Industry 1s moving rather rapidly to conform with this universal
system. Many companies are requiring drawings to be dual dimensioned
in millimeters and decimatl inches.)

Vil Basic types of lines used in dimensioning {Transparency 4)

A Dimension line-A line, with arrowheads, that shows the direction and
length of what 1s being measured

Exarmple. | _F 250 l
DIMENSION LINE (THIN LINE)

B Extension line- A line used to indicate the extension of a surface or a point
to a location outside the part outline:

—2.50- —~— :l
E)fample
—EXTENSION LINE (THIN LINE)

0y
‘v*;”
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INFORMATION SHEET

Center line--A hine used to indicate the center of a cylindrical feature

Example:

CENTER LINE
(sYmBoL ¢ )

Leader line-A thin sohid line that "leads" from a note or dimension and 1s
terminated by an arrowhead touching the part to which attention is directed

Example: a3_ DIA
LEADER LINC

Rules for lines used 1n dimens:oning (Transparency 5)

A

B

G

|

K

L

-

Extension lines show what is to be measured

Extension lines show the location of other details

Extension lines start or stop 1/16" away from visible lines and are extended
approximately 1/8" beyond dimension lines

Extension |:nes may cross each other or visible lines without a break
Extension lines are ciassified as thin lines

Extension lines may cross each other but they can never cross dimension
lines

Center lines mdy be used as extension hnes but never as dimension lines

D mension hines should not be less than 40" away frorm visible lines or 24”
JwNay from each other

(NOTE Refer to ANSI Y145 1973)

Dimension lines are classified as thin lines

Dainensaon lines are broken to allow space for the dimension
Keep dimensions in hine

Dimunision hines are drawn as drcs to show anqguiar measurement

LS A
“‘l‘




INFORMATION SHEET
Leaders are usually drawn at a 45°, 30°, or 60° angle to the horizontal,
but never vertical or horizontal
The leader arrowhead touches the arc and points toward the center point

The leader arrow is placed on the outside of small arcs and on the inside of
larger arcs

A horizontal "shoulder" approximately 1/8" long should extend from end
of leader

Leaders should extend past the visible hines to keep the dimensions of
notes off the object; leaders and notes should be added last so that a neat
drawing will result

A leader always points toward the center of a circle, but it stops at the
circumference of the circle

A leader should always point to the beginning or the end of a note
Normally, a leader terminates in an arrowhead; however, where 1t 1s intended

for a leader to make reference to a surface by ending within the outhine of
that surface, the leader shouild terminate in a dot

Correct and incorrect placement of leader lines

A

Dimensions are specified individually to avoid complicated leaders
—12R

Example:

¥- 12R

Recommended Not recommended

If too many leaders would impair the legibility of the drawing, letter sym-
bols shouid be used to identify features

311- 316 3 HOLES . 311- 316 3 HOLES
DESIGNATED Y

Example:

\
Nomol

S0
o¥ol

32- 33 3i2 - %3
3 HOLES 3 HOLES

Recommended Not recommended
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INFORMATION SHEET

C  Where a leader s directed to a circle or arc, its direction should be toward
the center
Example.
* +
Recommended Not recommended
D Avod small angles between leaders and the lines where they terminate
Jnple
Recommended Not recommended
X How to draw arrowheads- Arrowheads are drawn with two sharp strokes toward

or away from the point, length will vary depending on size of drawing, but
width should always be 1/3 of the length {Transparency 6)

Example.

"

/—AVERAGE (3mm)

/l P | | ——
“\ZE 2— E 2~ (

X| Rules concerning arrowheads ( Transparency 6)
A. Arrowheads always touch esxtension hnes
B Arrowheads are reversed when space for the dimension is too small
A Rules for dimensional figures (Transparency 7)
A All lettering, letters, and numerals must be perfectly legible
B _Numerals should be large eriough to be easily read, standard height s 1/8"
C  Fractions are two times the height of whole numbers

)y )
b V7
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X

XIV.

INFORMATION SHEET
inch marks (") are omitted unless a dimension may be misunderstood,;
thus, 1" DRILL should be written 1 DRILL

The fraction bar is always in line with the dimension line; the fraction bar 1s
never drawn at an angle

(NOTE: An exception to this may be made in crowded places, such as
parts lists, but never in dimensioning on a view.)

The numerator and denominator of a fraction should never touch the
fraction bar

Never letter a dimension figure over any hine on the drawing; break the hne if
necessary

Make all decimal points boid

in a group of parallel dimension lines, the numerals should be staggered,
not stacked one above the other (Transparency 8)

Purpose for using dual dimensioning-To show dimensions in millimeters and
inches: it 1s especially applicable to the manufacture of interchangeable parts on
an international basis

Three methods of dual dimensioning (Transparency 9)

A

Position method-The millimeter value js placed above the inch dimen-
sion and separated by a dimension line (A}, or an aliternative arrangement is
to place the millimeter dimension to the left of the inch dim~nsion separated
by a slash {B)

Examples:

| 68.134:0.076 |
| 2.681:.003 l

(a)

| 68.134:0.076 / 2.681£.003 |

| |

o

(b)

1

(NOTE- Placement of the inch dimension above or to the left of the milli-
meter 1S not acceptable.)
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' INFORMATION SHEET

8. Bracket method-The millimeter dimension Is enclosed in square brackets,
and the location of this dimension is optional, but should be uniform on any
drawing

Examples:

6813440,
. [88134:0.076] IL 2.684 [68.210

2678 [68.058
68.210

68,058 [—2.681t 003 [6813420.076)—
. 2684
2.678

(NOTE: Drawing should include a note to identify the dimension value in
the brackets.)

Example: NOTE: All dimensions in [ ] are millimeters.

C Chart method--One dimension value 1s given for each dimension on the
drawing, and elsewhere on the drawing a conversion table lists in two
columns the millimeter values and the inch equivalents

. CONVERSTON CHARI

min tinch) mm (1nch) mim {1nch) mm (inch)

0.025%  .0010 6.6 .26 18.44 L7126 43.7 1.72
TS 0015 7.1 28 28.70 1.130 45.62 1.796
T 002, 7.92 3L 28.83% 1.135 45.77  1.802
0 076 0030 8.13 L 320 29.08 1.14H 50.67  1.995
oJo2 0040 10.03 . 395 29,21 1.150 50.80 2.000
0 127 L0050 10.29 L4005 34,5 1.36 6©3.5 2.50
Lo 010 10.7 42 5.6 1.400 3. 72  3.375
(W 0) 30 10.9 43 4.2 1.70 101.6 4,00
bl 12 18.29 .720

X\ Rules for placement of dimensions (Transparency 10)

A Each dimension should be given clearly so that it can be interpreted in only
one way

8 Dimensions should not be duplicated or the same information be given
in two different ways, dual dimensioning excluded, and noc dimensions
should be given except those needed to produce or inspect the part

C Dimensions should be given between points or surfaces that have a func-
tional relation to each other or that control the location of mating parts

D Dwmensions should be given to fimished surfaces or important center lines in
‘ preference to rough surfaces wherever possible
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XVIL,

INFORMATION SHEET

E. Dimensions should be so given that 1t will not be necessary for the machinist

M.

to calculate, scale, or assume any dimension

Dimensions should be attached to the view where the shape is best shown
{contour rule)

Dimensions should be placed in the views where the features dimensioned
are shown true shape

Avoid dimensioning to hidden lines wherever possible

Dimensions should not be placed upon a view unless clearness is promoted
and long extension lines are avoided

Dimensions applying to two adjacent views should be placed between
views unless clearness is promoted by placing some of them outside

The longer dimensions should be placed outside all intermediate dimen-
sions so that dimension lines will not cross extension lines

Do not expect the worker to assume that a feature is centered (as a hole
on a plate), but give a location dimension from one side

Horizontal and vertical center lines may be used as reference (base) lines for
dimensions

Steps in applying dimensions to an object (Transparency 11)

A,

D.

E.

Draw extension lines and extend the center lines o1 the hole to be used in
the same manner as extension lines (Overlay 11A)

Use scale to measure dimension line locations with adequate space betweer
each and gaps for dimension figures (Overlay 118)

Draw in arrowheads (Overlay 11C)
Draw 1n guidelines for figures

Letter in dimensions {Overlay 11D)

Purpose of finish marks--To indicate a surface on an object that 1s to be
finished or machined

[ AR
oo,y




INFORMATION SHEET

XVIiL. Four types of finish marks

B. va
WA

VA,

Examples:
- * DAILL § OMICL
Finished
surtece
S N . L ) -
surface Meter ¢l rameved :w e Meter el
n mechmng " m.t’:lc.m:n.n':"“
r—\u._.__] N
b
XIX. Rules for finish marks
A.  Fimish marks should be placed on the edge views of all finished surfaces,
including hidden edges and the contour and circular views of cylindrical
surfaces

B. Finish marks should be omitted on holes or other features where a note
specifies a machining operation

C. Finish marks should be omitted on parts made from rolled stock

D. If a part is finished all over, omit all finish marks, and use the following
general note: FINISH ALL OVER, or FAQ

xXX. Purpose for a notation on a drawing -To provide in concisely worded state-
ments information that cannot be given by standard dirmensions

.

XXI. R+ les for notations
A Notes are always placed paraile! to the bottom of the drawing
B  Notes should be brief and clear and contain only pertinent data

C. Notes should be spaced far enough from the views not to crowd, but still
close enough to eliminate the need for a long leader

D. Notes should always be composed so that the various shop Operations
are listed in the order in which they should be performred
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XXI1

E.

INFORMATION SHEET

Use upper case letters for all notes on machine drawings

Two types of notes used on a drawing and their definitions

A,

General note-Consists of information which applies to the entire drawing
Example: All fillets and rounds 1/8 R unless otherwise specified

Local (specific) note-Refers to one particular feature and requires the use of
a leader

E xample:

"7(201) DRILL, g - 20 UNC- 2B TAP

Rules for dimensioning common machine manufactured features (Transparency 12)

A

"R" follows all radii dimensions; the center is shown by a cross and only one
arrowhead is used; available space determines whether the dimension figure
goes inside or outside the arc

In general, a circle is dimensioned by its diameter, an arc by its radius

Avoid diagonal diameters, except for very large holes and for circles of
centers; they may be used on positive cylinders when clearness is gained
thereby

A metric diameter dimension value should be preceded by the symbol 0
and the diameter dimension value in inches should be followed by DIA
except when either dimension i obviously a diameter

The letter R should always follow a radius dimension figure; the radial
dimension line should have only one arrowhead, and it should pass through
or point through the arc center and touch the arc

A}

Cylinders should be located by their center lines

Drill sizes are preferably expressed in decimals; for drills designated by
number or letter, the decimal size must also be given
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H. Cybnders should be located in the circular views, if possible

I.  Cylinders should be located by coordinate dimensions in preference to
angular dimensions where accuracy is important

J.  When there are several rough noncritical features obviously the same size
such as fillets or rounds, it is necessary to give only typical dimensions, or to
use a note

K. When a dimension is not to scale, it should be underscored with a wavy
line or marked NTS or NOT TO SCALE

Example:

L. Mating dimensions should be given respondingly on drawings of mating
parts

/
+ ~~ MEANS NOT TO SCALE

M. Pattern dimensions should be given in two place decimals Or in common
whole numbers and fractions to the nearest 1/16"

N. Decimal dimensions should be used when accuracy yreater than 1/64" is
required on a machine dimension

Methods of dimensioning arcs 1n available spaces (Transparency 13)
A An arc s dimensioned in the view In which its true shape s shown

B The center should be indicated by a smail cross to locate exact center
point

(NOTE Center cross should be omitted for small or unimportant radu.)

C  Inleast imited shace, keep figure and arrowhead 1nside

[ X AN
A \ s
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D. Inlimited space, move figure outside

E. In most limited space, move figure and arrowhead outside

Example:

Move Niere Move beth errow

« nNecessery ard tigwe outside

\, / if neceasery
\? |

>4 R _1lg

X 8 R
XXV. How to correctly dimension angles (Transparency 14)

A. By means of coordinate dimensions of the two legs of a right triangle

(NOTE: Coordinate dimensions are preferred when a high degree of accuracy

\« is required.) I-u.noa j

: Example:
' \ 2110

8. By means of a linear dimension and an angle in degrees

Example:
|-ss 10+

\ \Z}o.

.- mere

- -

o~ g

o

. Ay
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Variations of degrees and arrowhead placement should be as follows.

Example: 15e = Vs. i\@o
-]

(NOTE: The circular dimension lines are always drawn with the compass
center at the vertex of the angle.)

For a long radius with center point outside available space, the dimension
leader is drawn toward the actual center, but a false center is indicated and
the dimension line is jogged to it _Acus) canter_— Falss conter
- * —————

7 80R

How to correctly dimension curves (Transparency 15)

A. Continuous curves made up of a series of circular arcs with known cen-
ter points

1. Dimension all arcs with leader lines

2. Locate all center points from each other and from some common
datum point

Examole:

(NOTE: For extremely large radii, such as the 12 1/2" radius in the
example above. The center may be drawn closer to the arc than actual
size, the actual location dimension s still given even though 1t 1s not to
scale.)
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B. Irregular curves with unknown center points can be dimensioned by means
of coordinate dimensions or from two datum base lines, a method which will
provide a series of points which can be connected with an irregular curve
Example: i ‘ DATUM BASELINE —; |

e 97 |=8G }=?8 =88 =38 =48 33123 ! |-

ST

32 ,4

10

DATUM BASELINE NETRIE

(NOTE: Values in upper line 1n example are not accumulative, yet they
are all in one line.)

XXVil  How to correctly dimension rounded end shapes (Transparency 16)
A. By giving C to C dimension and radius of rounded end

(NOTE: Thic method is used when precision is not necessary.)

Example:
© 50 2 HOLES fo——8.122 0 02
i Pl l
1 __1
\ 13
+ | R
I SR

30
N

B ° By gwving averall dimension and diameter of feature ‘

(NOTE: This method is used when precision is required.)

XXVIIl How to correctly dimension a spherical object (Transparency 17)

[
A. A spherical end is dimensioned by a radius, followed by "SPHER R" (exam- -

ple a)
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B. A sphere 1s dimensioned by giving its diameter.{(example b)

£ xamples.

g

SPHER

(a) (b)

XXIX. How to correctly dimension cyhindrical objects- g.ve both the diameter and
the length in the rectangular view {Transparency 18)

(NOTE: Th . radius of a cylinder should never be given.)

. ~13 .
Example: T {(Not recommended)
- -_‘_N
!
® T
XXX. How to correctly dimension cones, pyramids, and prisms (Transparency 19)

A Cones
-
1. Diameter and height in the trianqular view (example a)
i 2 Diameter and the angle (example b)

3. Gie two diameters and the height (example c)

4. Diameter ¢ '.rge end, and the height and the taper {exaraple d)

~ETECC

R R TAPER 3 PER FT
’ I i ’“—\ .
40" Z{‘* \ B \ -
, M__B ! nd !
o2 14 4 , ?
(@) - -3 = bV § = dc) - G - g -
(NOTE: The appropriate method to use depends on fhi o 1 reguind

‘ and the process that will b2 used to make the cone.)
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B. Pyramids

1. Give dimensions of base in rectangular view and the height in the
other view (exampie a)

2. Give dimensions of base and locate center point in rectangular view and
give height in the other view (exampie b)

Examples: T n -
»;n- | J K17
= R
VAT AL
1 J L]
L .
(o) (c) (d)
C. Prisms

1. Give the height, width, and depth

2. Two of the dimensions will be 1n one view and the third dimension
will always be in the next view

Exampies:- :I: T

| - —

(a) (b)

XXX How to correctly dimension features on a circular center line (Transpar-
ency 20)

A Holes equally cpaced are dimensioned by giving the diameter of the center
line or bolt circle and specifying "equally spaced” in a note {example a)




D
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B. Holes unequally spaced are dimensionzd by giving the diameter of the
center itne plus angular measurements with reference to one of the
center lines (example b)

C. When precise accuracy is required, coordinate dimensions should be given
using the center lines as datum lines (example c)

{(NOTE: Circular center line will be marked "REF" to indicate that it is
to be used only as a reference line,)

Examples:
@ 125%0-8 HOLES 2 1250
EQUALLY SPACED - 4 HOLES

(a) (b) (c)
METRIC
XXXI{ How to correctly dimension a theoretical point of intersection -Project extension

lines unti! they cross, forming a point that can be dimensioned

( e,

\
e
T
L

(a) (b) (¢)

T2
- !
‘\..‘

.3
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XX XIl}. Reasons for avoiding superfluous d.mensions
£. Duplication of effort (wasted tin e)
B. Increased chance of error for drafter and workers
XXXIV. How to avoid superfluous dimensions (Transparencies 21, 22, and 23)
A. Cwe dimensions in the most direct and simple way
B. Always dimension to shop operation requirements

C. Never give a dimension more than once in the same view or in different
views

D. Remember that the worker should never have to do any calculations from
a drawing to find a necessary dimension

XXXV. Factors concerning mating dimensions (Transparency 24)

A. On two mating parts certain dimensions must correspond to make the
parts fit together; these are mating dimensio..s

B W.ile the base size will remain the same, the actual values of two correspon-
ding mating dimensicns may not be exactly the same because the difference
wii' depend on the accuracy of fit required

XXXV! How to dimension an object using coordinate dimension systems

A Rectangular coordirate system

1. All horizontal dimensions are from a common datum line

2 All vertical dimensions are from a common datum line

Examples:
i
T 1 ¢‘ ?’
33
R
20 !
:t;b” 19
J n L. .
" T T T T *
fL T
-t t
DATUM o [aliali) B |
— -2 - '
; i
- 267 -
- - -y -= '
L e -

(NOTE This method s used to draw parts that are to be numerically
machined.)
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Poiar coordinate system

DIl-

(NOTE This is used when holes or other features to be located lie in a

circular or radial pattern.)

1. Give a radial dimension from the center of the pattern in the form of a

diameter

2 Give angular dimensions from a datum

Example:

Tabular coordinate system

1

Dimens:on placement 1s the same as for rectangular coordinate dimen-

-

’

si0ning, using honizontatl and-vertical ddtum planes

L 3
2 Dimension figures are not applied directly to the views but are placed in
a table and the holes are labeled with a code letter

O

ERIC

Aruitoxt provided by Eic:

() =1
v o o

Examples:
l A3 BI B T R D a 1T o[ 1] 3
| A4 THOLE Dia 1250 1 3171000l 125
‘ ; POSTTION HULE SYMBOL
ci X -~ Y 4 A 18 1. D
| Oi 250 625 Al
-Q 1 600 250 Al
200 1 004 1 750 Ad
Al B2 2 Ih0 1 560 Al
M ‘ D?G} 1750 1 500 1
! - 1 750 625 2
10U 1 J00 (1
l A2 03 L 150 1 000 0l
2750 625 N
—_ . ' 2 100 250 D3
300
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D. Ordinate dimensioning
(NOTE: Other names for this system are zero plane or arrowless.)

1. Dimension placement is the same as for rectanguiar coordinate in
that i1t uses perpendicular datum planes

2. The datum planes are indicated as zero coordinates

3. Dimensions from these planes are shown on extension hines without
the use of dimension lines or arrowheads

200
A
|75——<}
i 50
106
62
o
=9

DATUMO—ZI I

. 0 25 93 183 271 30
SIZE SYMBOL A B C
HOLE DIA 250 .312 375

XXXVii. Vanous standard machine manufactured teatures
A Hole operations (Transparency 25)
1. Dnli, bore, ream

2. Counterdnll

3. Countersink
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4. Counterbore
5. Spot faced

(NOTE: Refer to terms and definitions for descrintions,)

DRILLN  ORILLA ca:one CSK — CORILL
550000
e pos o
M

. SECTIONAL VIEW

B Taper
NO 4 AMER NATL
STD TAPER
Examples: 2 30 50
B
- TAPER 0125 1 ON T ‘
DIA FIT TO GAGE 0624— - —— 1 % 20°
p=-175 ]
3hé -3000— l-asno-l
4&--——@1«[32 - =
—75 00 —
TAPER 0125 | ON
OIA FIT TO GAGE
METRIC T O
VA LL ! )
B O (- 375
GAGE

7z
|—7s 00—

ERIC T
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Knurl

C.

Diamond pattern

1.

SN
Qo ol
W e
QXAXAXXXAN
0”'0’0’0. 0»0.0.0.0\

96 DP DIAMOND
KNURL

Example:

2. Straght hne

96 DP STRAIGHT

Example:

KNURL

23

D.

Chamfers:

METRI

Examp'es.

3 x 45° CHAMFER

METRIC

Y

.
~ o
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E  Threads
1 internal
2. External
Examples:
o /—M20125

Vi

b ~ -

b——— —
F. Keyways and keyseats
1. Square
. 2. Flat
3. Gib head

w
4. Pratt and Whitney

5. Woodruff

(1) SQUARE KEY (2) FLAT KEY (3) GI6 HEAD KEY

(4) PRATT & WHITNEY KEY (8) WOOORUFF




| 310

INFORMATION SHEET

G. Relief groove

Examples:
|
RELIEF = WIDE !
[ [
DEEP 13
T
USING A NOTE USING DIMENSIONS
H. Neck
. o L
Examples: _ yecx § WIDE ‘1 8
1 i
i§ DEEP e
—
JSING A NOTE USING DIMENSIONS

XXXVl Proper dimension notes for standard machine manufactured features

A. Hole operations-Holes are always dimensioned on the view in which they
appear as a circle

1. Drill--Hole sizes are always specified by diameter, never by radius, the
diameter i1s given 1n a common fraction or in decimal form and the
word dnll follows the size

(NOTE: For drills designated by number or letter, the decimal size
must Ee gwven.) DRILL x 5 DEEP

oo

Examples: ' :‘
- ry -

(NOTE: A drill that does not go ail the way through 1s a blind drill and
depth must be included.)

g
S
‘ i;

s
'
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2. Bore-Hole diameter is specified in decimal form and the word bore
follows the size

Example: — 1295 BORE
P |

- (NOTE: A bore is a more precise method of obtaining a diameter
. than a drill but not as precise as 2 ream.)

3. Ream--Predrill size is specified first, then the ream size in decimal form
followed by the word ream 1s applied to view in form of a note

Example: //— 25 DRILL, 3i25 REAM

fand

N

(NOTE: A ream 1s the most precise method of obtaining an accurate
diameter.)

Counterdrill--Diameter of first drill 1s given first, then the diameter of the
second drill by the depth

) 2 L
Example: : Vol DRILL, % DRILL x % DEEP

L)

| l‘——‘-'-— DEPTH

ro
"
oo
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(. Counterbore Diameter of the dnll is given first, then the diameter of the
bore by the depth 1ts to be cut

Example: ORILL C BORE x + DEEP
' /‘ % ! l% 2
/

- - -

'

770,

|

N Counteraink .Diameter of the dnll is aven first, then the diameter of the top
of countersink by the included angle of the countersink
£ xample,
2 DRILL, & x 82° C SK
‘ : \ 8 |

!

1 gz
7

(NOTE The standard countersink for manufacturing s 82°.)

t Spot faced Diameter of the drill s given first, then the diameter ts riven, the
depth 1s not normally given for a spot face

(NOTE Commen practice is for a spot face to be cut 1/16" deep.)

£ xample

%DRILL, 2 5F

WA

7y r r 7

%,

e,
LRV
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4
Tapers

(NOTE: There are three methods of dimensiohing a taper; the arcuracy
required and the machine process évailable to cut the taper witll determine
the method to use.) .

1. Standard machine lapers:-Thu diameter, usually at the large end,
and the length are applied to the view in the form of dimensions;
the actual taper is given as a note such as “No. 4 AMER. NATL STD

TAPER."

Example: NO 4 ,AMER. NATL STD TAPER

300
j

2. Non-critical tapers-The diameter at the large end, the-length, and the
included angle are applied to the view in the form of dimensions

Example:
1 ) .
8 oy’
g N 20 9
o ea £ 0°15' -
~ 'J-//-
i - ,
o———— 2 250 — - —— -y
2246 |
i
\,
=2

ro
('ﬂ
oA
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‘3 Cut:cal tapers--The diameter of the Iarge end and the length are applued
*to the view as dimensions and the "taper per unit on diameter” 1s
indicated.in a nete - 2500¢ 0005 TAPER ON

DiIA PER INCH OF LENGTH

Example:
938 ! 125
of | 26
j 125
1

(NOTE: Taper on diameter means the difference 1n diameter per

‘ : unit of length.)
B
G Knourl
1
1 Diamond pattern ¢
a. Coarse knur. (33 pitch)
ol (NOTE: Pitch is the distance betwen two points per inch.)
b. Medium knuti {21 pitch)
. c Fine knurl (14 pitch)

2 Straight pattern
:. Coarse knurl ‘(33 pitch) V
b . Medium knur! (21 pitch)
c. Fineknurl (14 pitch)

3. The putch, type of knurl, and the minimum cdiameter after knurling
are apphied to the view in the form of a note

| 21 DP Straight knurl 33 DP Diamond knuri
Example. Y 0.70 Min @

after knurlmg
( T e - !
~ 075

SO ICICICS
CSCSEECSCICS

O %etede e
IO

|
| 50—4‘ }-«-——ISO—*
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Chamfer--The length of the offset and the angle are applied to the view in
the form of a note

Example:
33—2 x 45° CHAMFER
—{ [=— LENGTH
Threads

1. Internal thread

a. Through-drill-The following items are applied to the view in the
form of a note

‘ 1) Tap drill size
2) Nominal thread diameter
3) Threads per inch
4) Thread series type
5) Class of thread fit

6) LH (if it is left handed)

c I :-% l;RlLL
xample: /— 7_
8 14 UNF - |
13/16 - Fractional size of tap dnill
7/8 - Nominal thread diameter
r—t 14 - Threads per inch
t [ UN - Unified thread form
ﬁ ll i; F - Fine thread series
| 1 - Class 1 thread fit

(NOTE: Tap drill size 1s determined by referring to American
National Standard Thread tables, Machinery Handbook, or vari-
ous textbook appendixes.)

DIl -
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¢
b, Blind drll ‘The following items are applied to the view in the form
of anote
1) Tapdrill size
2) Depth of tapdnill
3) Nominal thread diameter

4) Threads per inch

5) Thread seriec type

External thread- The following items are added to the view in the

6) Class of thread fit '
7) LH (if it s left handed)
8) Depth of thread
Example-
. OEEPR

Ve » 7 (201) DRILL ,

5 DPONC -2-LH, goeep

3
#7 Number size of tap dnll
(201) Decimal size of tap dnill
7/8 deep  Depth of tap drill
1/4 Nominal thread diameter
20 Threads per inch
N National thread form
C Coarse thread series
2 Class 2 thread fit
LH Left hand threads
3/4 deep  Depth of thread

form of a note

a.

Nonmunal thread diameter

b Threads per inch
c Thread series types
d Class of thread fit




DIl-

INFORMATION SHEET

e. LH (if itisleft handed)

%-uuwc— 28 LH
Example: /—

Key\ ays-The size and number of the required key is given in the form
of a note and the location on the shaft of the keyway is given in the form of
di ensions on the two views showing the keyway

——

Example: oIS
I.OIO DiA & 808 AMER STD

WOODRUFF KEYSEAT

1.000

g et

298
(NOTE: Notice the use of a dimension to center the keyway in the shaft.)

Keyseats--The size and location of the slot is given in the form of dimensions
applied to the view

(NOTE: The proper clearance for various keys can be obtained from a
machinists' handbook.)

Example:

A%‘tar_r%

a:R-VRZ-(18)2
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L. Relief groove- The width and depth of a relef can be qiven by placing
dimensions on the view or in the form of a note

Example:
1 RELIEF + WIDE
re . EI[;E 5
i 116 EEP
T
USING DIMENSIONS USING A NOTE

M Neck The width and depth of a neck 1s given 1n the form of a note

-~

b > mple:

NECK % WIDE

L
3 DEEP

USING A NOTE




Descriptions and Dimensions

Size Oimension

1

—

r~|c0

|

2 Drill—\

\g

Location Dimension

..__.1.1___.J
8

D 11 - 31¢

b2

oo —

™ 1
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@ Aligned System

N
a;im
|
o
{
\M—.

; VAR
OO
X }/ /
’ P WO~
o ‘C’tj‘_rﬁﬁ
{ ~
+
/
\* |
{
.9
3 1
- ’8 8]
. 3_&_
YA

™




Unidirectional ,System

:
| 5 5_ =D
I 16 - 2
) 7
30° /
P -
2
X T 1125
\/ § 1127 7
16 % 235
3/ ' 13
.‘ 4 16
L ‘ |
3 716 ]
°8 g8
3....
4

AR

DI-32

™
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@ o Tﬁﬂﬂflﬁﬂ&

Leader— Draw at any
convenjent radius angle
usually'45°, 30°, or 60°

Size Dimension Location Dimension
_a'f /Dimension Line
.25 Drill T a - 1134 Extension Line
Ok to Cross
Points to B
‘ Center Point | 3 yd 25 1 - — — — ——
- +_ hun ) -
T- ¢ T o Fo———= —1
2 g -
| 3|
] ] 1
_L —
‘ 3.13 e 63—
06 Gap// L T 1}
‘(:) S

Approx .135 Size Descriptio
Approximately .13

.40 Minimum Space
’ .25 Minimum Space

- B 2'§"
O ‘ [ ;
ERIC : ™ ¢

Aruitoxt provided by Eic:



] ’ Rules for Lines

[ Q 9
@ -'z-oren_\_ = 7 DRILL,FILE TO g R.
’.&_1 S\Zt.. )
14 _ |
% —— %@
Dy | &oE 4 e 'g%—*, — 5 D

Notes:
N\ \ 1.Material to be made of 3/16 carbon steel.

2.Six pieces reqafred.
3Heat treat after machining.




Incorrect Correct
(In Some Fields ).
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@ Rules For Figures

/I 7 OLE
.. 9-3 DR\L.L_ | MAc.HluE
» REAM
Y Zss
4 #

- TM 7
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(a)

Staggered Numerals
l——62 62 -
~—50 50—+

40— —— 40—
Preferred Poor Practice

(b)

[ JFI
) 0‘,’

™ 8
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o
)

mm

.025
.038
.064
.076
102
127
.25

15

Dual Dimensioning Methods

68.134:0.076

(inch)
.0010
.0015
.0025
.0030
.0040
,0050
010"
030
.12

68.134:0.076 7 2.6812.003

2.681:.003

———-———2.681*.003

Position Method

[68.134:0.076)

68.210
68.058
2.684

2.678

2.684 (68.210
2678 [68.058

[-—2.6812.003 [68134:0.076]—

Bracket Method

CONVERSION CHART

(inch) mm (inch)
.26 e 18.44  .726
28 '28.70 1.130
312 28.83 1.135
2320 - 29.08 1.145
.395 29.21 1.150

- .405 .34.5 1.36
42 35.6 1.400
.43 43.2 1.70
.120
Chart Method

Lo
<
[ )

43.7

45.62
45.77
50.67

63.3
85.72
101.6

buNNv—-n—-u—-ﬂ;




Placement of Dimensions

~—iet 1z

—-23
_.l —
2§ —
R
. | I Incorrect
7:9"’
L 5 |
23
Correct ) ‘
i ’I"z*
i 1
L‘ [ lz=
. ./ '
) Incorrect ' Incorrect
2 ,

« Jul | | S . 713




D1l-339

I

¢ Steps in Applying Dimensions

@

O \

Views of object completed

[l{fC Jul ™ 11
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e Add extension and center lines

@

C Overlay 114
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o Add dimension lines and leader lines $

Q JiH;
MC Overlay 118




D 11~ 348

|
/
yd
i
o ,
!
! i
- — - - /
o Add arrowheads
: ‘ 37
El{l\C Overlay 11C




D Il - 347

3
S
8 = DRILL
- N
-y
o -
-4
7 7
|
[ |3 1&
a4

* &

‘ Letter in dimensions

©

b )
« : . Overlay 11D
EMC . 3;;3 o verlay

Aruitoxt provided by Eic:
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o Rules Pertaining to Dimensioning
Common Features

f——18.122 0 02 —=

1

=T 5

R

9 .80 2 HOLES
wa l

L E
‘I') ) I.5R

’ -t 30
»
2500t 0005 TAPER ON
DIA PER INCH OF LEN(;TH
938 - 125
REF 124
126
125
2

,EC ™ 1

Full Tt Provided by ERIC.
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Dimensioning Arcs

Keep figures inside
if possible

figure outside if necessary

7 EL =

Move figure outside . e
X if necessary o / Move both arrow and




.
y .
[ .
| . . A
|
} : W :
L4 .
s - .

.. Dimensioning Angles

l-!..lo-d A

\ 2110 \,J |

—— . ‘%,
NG \
{ - _

'— 3810+

|5. e

Angles May be Measures in
Degrees °
Minutes ’

2 . Seconds "
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b DNl-35

Dmensioning Curves

.97 |-86

//

b7 6

DATUM BASELINE 2

=668 55 =45 =33 =23 =il
r.

——
!\\

32 8
22
{

e 37 37 3¢
32 ,g
a1
L
DATUM BASELINE METRIC
62R |
3.2R i
I07R R
| / o
e
i-—-ll. J4.9
. ]:5

- ~~ MEANS NOT TO SCALE

™ 1



Dimemsioning Rounded End Shapes

I [

0 80 2 HOLES
)|

§J - \
I 5R
30
R
—\0————200— -
27R
980
|
I9R
27R
317

hee—— 8122 0 02 —

$ <

:
: —sr
R

q—oq

DI1-35

.arsr-
75 DIA-2 HOLES
R [ 4 I .
875
B - 1 175
i
j——3 400——-—1
I 5160 ———
1125+00t HOLE CTR
1125%0I0 R CTR
—4 50t 00l HOLE cm-—~¥< 985 R
le——4 50% 008 R CTR —

™ 1



‘ i DH-3

‘ |12 SPHER R
3 SPHER
8 '
' v

T | f
H o
.--.t--L
St
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@ Dimensioning Cyfindrical Objects

'—
2
/ \6; recommended )
—N \4» ]







Dimension Features on a
Circular Center Line

@ 12.50-8 HOLES
EQUALLY SPACED

(a)

4 HOLES : 250 - 2%2 DIA 1831
3 HOLES
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® Superfluous Dimensions
; DRILL - 3 DEEP

/'_L DRI
C{ l

L i |
VT “$
Either Y2 is correct| |— & —
But Don't use Both
. Give drill depth in note
LY
. t
0|0
—.I.' + 46".\ 4
| N |
: I
¥ ../%. 25 e 3
3%
- | R |
(S L i
IR R | p
. o Omit one dimension in a chain
f ,. 320
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@ Superfluous Dimensions

(Continued)

. 50————-‘
S0°

\ |-.__——| 34 Omit one dimension of
C ) the four shown

.81 DIA.
' .
50
8l - //%
+

v/

Omit dimensions and use note for hole
321
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&

® Superfluous Dimensions
(Continued)

1
€O 1

2.16-

Omit width and overall length

350 OIA.

Omit diagonal diameter

322 !
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A
Absotute ABS
Accelerate ACCEL
Accesmry ACCESS
Account ACCT
Accunulate ACCUM
Actual ACT
Adapter ADPT
Addendum ADD
Addition ADD
Adst AD)
Advarue an?
Atter AFT
Apgregate AGGR
A r Conditton AIR COND
Aurplane APL
Allowanie ALLOW
Alloy ALY
Alteration ALT
Alternate ALT
Alternating Curtenr  AC
Alttude ALT
Aluminum AL
Ameran National
Standard

AMER NATL STD
Amencan Ware

Gage AWG.
Arount AMT
Ampere AMP
Ampliher AMPL
Annesl ANI
Anteni, ANT
Apattment APT
Apparatus APP
Appendin APPX
Approved APPD
Appoonaman APPROX
An Weld ARC W
Ares A
Armature ARM
Armor Ulate ARM P
Arnin Naw AN
Asrange ARR
Artitial ART
Asbestos ASB
‘sphalt ASPH
Assemble ASSEM
Acnenibiy ASSY
Asistant ASST
AL iate ASSOC
Assouiation ASSN
Atomu AT
Audibie AUD
Audie Frequenay Af
Suthotized AUTH
Automatic AUTO
Auto

Transtotmer AUTO TR
Avnilialy AUX
Avene Avi
A eraye AVG
A vy Avi
Apm 0 A

8
Babr o BAH
Ve el Rt
Haod Peranun BF
Bavb to hack BB
Bavktace Bf
Batanie BAL

Ball Bearing 88
Jarometer BAR
Base Line BL
Base P'late 8P
Bearing BRG
Bench Mark M
Bending Moment M
Hent 61
Beswemer BESS
Between BET
Between Centers 8C
Between Perpenduwulars BP
Bevel BEV
Bl of Material B M
Birmingham
Wire Gage BWG

Blank BLK
Rl h BLk
Blueprint 8pr
Buard 8D
Rotler BLR
Boiler Foed 313
Balor Horseponas BHE
Ratling, Point 2154
Bolt Canche 8o
Both Faces 2]
Roth Side s Bs
Both Vvass BW
Battom HOT
8 stton Chord BC
Bottany Face Ht
Rracke! HRRT
Erake Bh
Beake Dior cpoma HHP
Rian. BRS
Bz, BRI
Break HR®
o Hardne < BH

DIMENSIONING PROCEDURES
UNIT IV

HANDOUT #1--ABBREVIATIONS

Hutish Stosdard HR STH
ot h Thernal Cat BTLY

Broacn HRY)
Hionge HR/
Beoawn & “hins H&S
(Y% G
g as AW
Harlding, BLDG
Hulkhea d BHD
RBurmish BNH
Bu by BUSH
Butten BUT
C
Cabunet CAH
Caccalate CALL
Cahibaate CAL
Cap twtia APPSR
Capaaty CAP
Carbsrae e (ARH
o butgs CARH
ot (HG
Ca e Prann {H
Cot o @]
Cat St [N
[GIRIT LR
ot S As N
ot oue s A
Caopant CEM
[T ¢
Conter 1o .
Canter ot b ‘o
Caonter ot b (J4
Centes b Lontor ot
Center ny Th

 hamter CHAM
¢ hange CHG
Channes ( HAN
Chek CHK
Chedh Al v
Chord LHD
Carls CIR
Cuoubn CiR
Cinvular Ihtch cpP
Caroumborenc CIRC
Clear (LR
Clear e (W8
Chwhwre tw
Coared cTD
Cold Prasn ch
Cold Drann Steed cDsS
Cald Finish CH
Cold Punched CcP
Culd Rolled CR
Cold Rulled tedd CRS
Combinatien ComB
Combustion (OmMB
Commaonnd oML
Company <0
Complets COMPL
Compre sy COMP
Cuoncentre CON
Conanets CONC
Condition COND
Connet LONN
Constint CONST
Constiachon CONST
Contaut COUNT
Cantine CON#
Coppet LoP
Cornee Cor
Cadtporation CORE
[N (ORR
Cortuyat CURRK
Cotten COT
Coanten CIR
Gt Clarngn (]
Corbothon t BORE
Countordnll CDRHL
Connterprm b { PUNCH
Countet ik CSK
Conplug CPLG
Conate Cuv
oo St XSELT
Cnba U
Cuda Fone [QVRA)
Cabn b Cu N
Current CUR
Cutome CUsT
Cnomnde (YN

D

Devir a! D
Do d o OF
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thpn DG
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Double DBl
Dovetand DVTL
Dowed DWL
Down DN
Dogin Doz
1yattng, DFTG
Prattannn DF TSMN
Plrawig DWG
Pl or Dl Raod DR
IRITTY DR
Drone in Df
[RINTY D
Dt Fong DF
Dhuphe th DUP
E
Eah EA
tat t
toanton tec
LI Y EFE
flbow ELL
Electen ELEC
Llementan ELEM
Elevate ELEY
Elevation et
t g ENG
Enginees ENGR
Engineening ENGRG
Entrance ENT
tyual £EQ
Fquation tQ
Fyuipnunt FQUIP
tounalent EQUIV
[ stimate EST
Fxchange EXCH
Exhaust EXH
Exsting, EXIST
Patenet (3.3
Eatea theans X HVY
bt Stromy, X STR
Extrude ExXIR
F
\hhn\ah FAH
Face to bace frof
Fahriohos f
far Sude ES
Podernd FED
Feed fFOD
faut () FT
bigurs FIG
biblet FIL
Fallister i
bans b FIN
| SYETSS DO S FAQ
Flinge LG
st f
ot B FH
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Fludd FL
Fun s FOC
Foot L ET
Liee 4
Forged ity (134
Forging FORG
[orward tWD
Fovandr, HORY
Frogpas Rt
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DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #1--WRITE PROPER DIMENSION NOTES FOR
STANDARD MACHINE MANUFACTURED FEATURES

Premise: Proper dimension notes for standard machine manufactured features can be
written by using the procedure in the following example.

Example:
1. Determine what information goes into the note

‘e

{(NOTE: This may require using reference tables for features such as tap drill sizes or
key sizes.)

Determine in what order machining operations will be performed
Add leader lines to views

4. Add guidelines for lettering

5. Letter note

Directions; Dimension the following standard features correctly by adding all necessary
notes and dimensions to the views. Dimensions can be taken directly from the views.

Probiem A: Blind drill
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ASSIGNMENT SHEET #1 ‘

Problem B: Chamfer

Problem C: Ream

g, ‘

(T
N

AN,

f"t‘
< otl




o

Problem D;

Problem E:

Problem F:

ASSIGNMENT SHEET #1

Counterdrill
1
>
]
C
Counterbore
i

%

Countersink

W,

00
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ASSIGNMENT SHEET #1

Problem G:  Spot faced

Problem H: Non-critical taper

i\

J,2




. ASSIGNMENT SHEET #1

Probitem i Knirl

Problem J Thread




DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #2-CONSTRUCT ARROWHEADS

Premise: Arrowheads add much to a drawing if constructed correctly. They must be uni-
form in size and shape and the drafter must be able to construct them with speed, neatness,
and accuracy. Arrowheads can be constructed correctly by using either form in the followt
ing example.

E€xample:

1. Conventional ‘ﬁ*

2.+ USA Standard l<—

Directions: Place arrowheads at all intersecting lines below.

Problem:

\

i1
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DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #3--DIMENSION ARCS

¥

Premise: Arcs can be dimensioned by using the procedure in the following example.

. Examp‘le:

{ )
1. Determine if there is room inside the arc for either the numeral or the arc or both

2. Determine best location for leader line
3. Drawin lead” line and add arrowhead
4. Add guidelines for lettering
5. Letter dimension figures
6. Add arrowheads

Directions; Dimension the following arcs and radii using correct dimensioning procedures.

Problem A: Problem B:




Problem C.

S~

4

ASSIGNMENT SHEET #3

Problem D:.

&

Problem E: 20" Radius’

[ed




Problem F:
{
v’
Problem G:

;
ASSIGNMENT SHEET #3 .

/

ar




Problem H:

ASSIGNMENT SHEET #3

4?

N\
/A
P
9%

1 €
T 1 1 BRI
(Ill I|!j
NS P!
‘ R

)
[ XAX]
309
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DIMENSIONING PROCEDURES
UNIT

ASSIGNMENT SHEET #4--DIMENSION ANGLES

Premise: Angles can be dimensioned by using the procedure in the following example.
Example:

1. Decide which dimensioning method will be more appropriate to use

2. Add dimension and extension lines as needed

3. Addcircular dimension lines if needed

(NOTE: Use vertex of angle for compass center; circle template 1s not recommended
for this purpose.)

4. Add guidelines for lettering
5. Letter dimension fiqures
6. Add arrowheads

‘ Directions: Dimension the following objects using correct dimensioning procedures. Pay
particular attention to dimensioning the angles.

Problem A:

C
-

L .
PR
o




ASSIGNMENT SHEET #4

Directions: Dimension the following objects using correct dimensioning procedures Add

ALL necessary dimensions to describe the object.

Problem B:

Top

Front




. ASSIGNMENT SHEET #

Directions Measure and dimension all inside angles in degrees and minutes.

Problem C Scale 1"-100'
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DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #5- DIMENSION CURVES
Prenuse  Curves can be correctly dimensioned by using the procedure in the following
example

£ xample.

1 Detenmine f the curves have all center points given or if they can be located through
qeometric construction

72 Deade which dimensioning has to be used
(NOTE Refer to objective 26.)
3 Add dimension and extension hines as needed
4 Add leaders as needed
5 Add qudelines for lettering
6 Letter dimension figures
!/ Add arrowheads
Duections Dimension the following objects using correct dimensioning procedures,

Problem A

Probilom B




ASSIGNMENT SHEET #5 ‘

Problemn C

II‘,
4 .

w
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DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #6--DIMENSION ROUNDED END SHAPES

Premise: Rounded end shapes can be correctly dimensioned by using the procedure in the
following example.

Example:

1.

6.

7.

Determine if the objects have all center points given or if they can be located through
geometric construction

Decide what dimensions have to be added
(NOTE. Refer to objective 27.)

Add dimension and extension lines as needed
Add leaders as needed

Add guidelines for lettering

Letter dimension figures

Add arrowheads

Directions: Dimension the following objects using correct dimensioning procedures.

Problem A"

c O

& O,

()
- o
=)
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ASSIGNMENT SHEET #6

Problem B

~




DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #7- DIMENSION SPHERICAL OBJECTS

Premise. Spherical objects can be correctly dimensicned by using the procedure in the
following example

Example:

1

6

!

Determine 1f the objects have ail center points given or if they can be located through
qeometnic construction

Decide what dimensions have to be added
(NOTE Refer to objective 28.)

Add dimension and extension lines as needed
Add leaders as needed

Add gudelines for lettering

Letter dimension figures

Add arrowheads

Directions Dimension the following objects using correct dimensioning procedures.

Probiem A-

@

s
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@
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‘ DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #8--DIMENSION CYLINDRICAL OBJECTS
l Premise: Cylindrical objects can be correctly dimensioned by using the procedure in the
following example. -

Example:

1. Determine if the object has all center points given or if they can be located through
geometric construction

2. Decide what dimensions have to be added
(NOTE: Refer to objective 29.)
3. Add dimension and extension lines as needed
4. Add leaders as needeé .
5. Add guidelines for lettering
. 6. Letter dimension figures
7. Add arrowheads

Directions: Dimension the following object using correct dimensioning procedures.

Problem:




1

2

1.

6.

®

Directions: Dimension the following objects using correct dumensioning procedures.

D il - 405

Ny

v DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #9--DIMENSION CONES, PYRAMIDS, AND PRISMS

Premise: Cones, pyramids, and prisms can be correctly dimensioned by using the procedure
in the following example.

Example:

Determine 1f the objects have all center points given or if they can be located through
geometric construction

Decide what dimensions have to be added

{(NOTE: Refer to objective 30.)

Add dimension and extension lines as needed

Add leaders as needed Ly ——
Add guidehines for lettering

Letter dimension figures

Add arrowheads

Problem A: Cones

Diameter and height

Diarneter and angle

O
/\
O
A\

Y 4
NN




ASSIGNMENT SHEET #5 ( ‘

:'3. Two cdhiameters and height

4  Large end diameter beght, and taper

©
[\
©
[\

* Problem B. Pyramids

1 Dimensions of base in rectanqular view and height in the other view

27 Dimensions of base i square view and center point in rectangular view

[

9=




ASSIGNMENT SHEET #9

Problem C. Height, width, and depth of prisms

1 2.

DIl -4
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DIMENSIONING PROCEDURES
, UNIT 'V
— . .
ASSIGNh./IENT SHEET #10-DIMENSION FEATURES ON A
CIRCULAR CENTER LINE
. .
- Premuse: Features on a circular center line can be correctly dimensioned by using the
procedure in the following example. '
V
Example: )
' \
1. Determine if the objects have all center points given or if they can be located through
geometric construction
2. Decide what dimensions have to be added
(NOTE: Refer to objective 31.)
3. Add dimensjon and extension lines as needed '
4. Add leaders as needed
5. Add guidelines for lettering
‘ 6. Letter dimension figures N

7. Add arrowheads T

Directions; Dimension the fol.owing objects using correct dimensioning procedures.

Problem A. Holes eqi:ally spaced O
- \ ' ’
~ > \0 0

Problem B Holes unequally spaced indicate angular measurements
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Problen o Holes anegu by spdted, use coardimdie danensions
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"DIMENSIONING PROCEDURES
o ey

ASSIGNMENT SHEET #11 DIMENSION A THEORETICAL POINT OF INTERSECTION

. .
Premise A theoretical point of intersection can be correctly dimensioned bv using the
procedure in the following example

1 Determune if the objects have all center pommts given or 1f they can be located throdgh
geometric construction

\

i

Example,

1 2 Determine what dirnensions have to be added
INOTE Refer to objective 32 4

3 Addhmension and extension hines as needed

4 Add teaders as needed

5 Add gudelines for lettering

6. Letter dimenaion higurns

‘ 7 Add errowheads |

I
Directions Dimension the following objects using correct dimensioning procedures

1

Prohiem A \

Problem B




ASSIGNMENT SHEET #11

Problem C.

!
!
|
|
t+
i
!
|




DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #12- DIMENSION AN OBJECT USING A
RECTANGULAR COORDINATE SYSTEM

Premise. An object can be correctly dimensioned using a rectangular coordinate system
by using the procedure in the following example.

Example:

1.

6.
7.
Directions. Dimension the following ohjects using correct dimensioning procedures.

Problem A

Problem B

Determine If the objects have all center points given or if they can be located through
geometric construction

Decide what dimensions have to be added
(NOTE: Refer to objective 36.)

Add dimension and extension lines as needed
Add Iead.ers as needed

Add guidelines for lettering

Letter dimension figures

Add arrowheads
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DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #13--DIMENSION AN OBJECT USING A
POLAR COORDINATE SYSTEM i

Premise: An object can be correctly dimensioned using a polar coordinate system by using
the procedure in the following example.

Example.

1.

6.
7.

Determine if the object has all center points given or If they can be located through
geometric construction

Decide what dimensions have to be added
(NOTE" Refer to objective 36.)

Add dimension and extension lines as needed
Add leaders as needed

Add guidelines for lettering

Letter dimension figures

Add arrowheads

D:rections: Dimension the following object using correct dimensioning procedures.

Problem.

O O
OQO
o O

AL
3
e,y




1

6

7.

DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #14--DIMENSION AN OBJECT USING A
TABULAR COORDINATE SYSTEM

Premise: An object can be correctly dimensioned using a tabular coordinate systcm by
using the procedure in the following example.

Example:

Determine If the object has all center points given or If they can be located through
geometric construction

Decide which dimensioning has to be used
(NOTE. Refer to objective 36.)

Add dimension and extension lines as needed
Add leaders as needed

Add guidelines for lettering

Letter dimension figures

Add arrowheads

Directions: Dimension the following object using correct dimensioning procedures and
properly make a chart.

Problem:

o O o
OO

O
®
O

fy -

Du-




DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #15--DIMENSION AN OBJECT USING AN
ORDINATE DIMENSIONING SYSTEM

Premise: An object can be correctly dimensioned using an ordinate dimensioning system
by using the procedure in the following example.

Example.

1

@ ;

7

Determine if the object has all center points given or if they can be located through
geometric construction .

Decide which dimensioning has to be used
{(NOTE. Refer to ubjective 36.)

Add dimension and extension lines as needed
Add leaders as needed

Add guicdehines for lettering

Letter dimension figures

Add arrowheads

Directions Dimension the following object using correct dimensioning procedures.

Prohiem:
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DIMENSIONING PROCEDURES
UNIT IV

ASSIGNMENT SHEET #16 DIMENSION AN OBJECT USING PROPER DIMENSIONING
RULES AND CORRECT TECHNIQUES TO COMPLETELY DESCRIBE THE OBJECT

Premise An object can he correctly dimensioned and completely described by using the
procedure in the following example.
Example:

1 Deternunef the objects have all center points given or if they can be located through
geometric col bruction

N

Decide which dimensioning has to be used
(MOTE Reter to objectives 37 and 38 )
3 Add dimension and extension lines as needed
4 Add leaders as needed
5 Add guidelines for lettering
6 Letter dimension figures
7 Add drrowheads:
Directions. Dimension the following abjects using correct dimensioning procedures.
Problem A Dnili

1 Four methods of dimensioning an all the way through hole

] ]
| P
2 Four methods of dimensioning a blind hole
) l

Ol Lot | O] +6+
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ASSIGNMENT SHEET #16
f 4

Problem B 11 2" diameter bore

4
\ ,

Problem C 172" diameter dritl and 9/16" diameter ream

Problem D Size of counterdnill

Problem E Size of countarbore




DH-4

ASSIGNMENT SHEET #16

Problem F- Size of countersink ( :

Problem G Size of spot face

Problem H. Tapers '

1 Standard machine taper labeled with an American National Standard taper #4

r

-~

2 Size of non critical taper

Y _:::}.-‘

B }

Jul ‘




ASSIGNMENT SHEET #16

3. Size of critical taper

Problem | Size and type of coarse knuri

0000000000

et ey

Problem J. Size of metric chamfers

Problem K: Threads

Size of internal and external threads

1

1
L
|

St

Ly

—
—

b -
-

b — —— 4
e

O

IC

E
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l ‘ ASSIGNMENT SHEET #16

-

Probieni U Types of keyways

7 Left handed thread

Problem M Size of keyseat

’ ’I‘
\J 4
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ASSIGNMENT SHEET #16

Pronien Ty Sizes o e e grooves

i e () Siee ot neck

P
- ‘Il
N
| DS
;
.
’
L8 A
[




_—
Match the terms on the right with theirgorrecgdefinitions.

a.

\

DIMENSIONING PRPOCEDURES
UNIT IV

A NAME

on-

TEST
/ <

Exceeding what is sufficient or necessary

_b. Points, lines, or other geometric shapes

agsumed to be exact from which the loca-
tion or geometric features of a part may

be established -

Set up in rows and columns, by means of a
table ,

A dimension dsed for information purposes
only; 1t does not govern production or inspec:
tion operations N

Measured size of a complete object

A symbol used to indicate a surface to be
machined

A gradual decrease or change of diameter
from one end to the other

A slanted flat surface not at 90° to another
surface

A slight bevel removed from an edge

A tool with a pointed cutting edge used
to make a hole in hard surfaces

To enlarge a hote with a boring bar or tool in
a lathe, drill press, or boring mill

. To enlarge a finished hole slightly to a.very
precise diameter with a reamer

A second, larger drill along the same center
line as a first drill, but not as deep

A funnel-like bevel at the surface end of
a drilled hole; standard included angle is 82°

An enlargement of the end of a hole to a
specified diameter and depth

JLv.

-—

AN = b ed b ed b b e b
© © ® N o o & w NN =~ O

21,
22.
23.
24.

© ® N O O s W N

Tap

Drill
Counterbore
Boss
Chamfer
Spot face
Finish mark
Tabular
Superfluous
Countersink
Counterdrill
Radial
Ream

Actual size
Datum
Sevel

Die
Nominal

Relief groove

Reference dimen-

sion

Blind hole
Taper
Bore

Knurl
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p A machined circular spot on the surface
of a part to provide a flat bearing sutface for o
holt head

g. The process ot rolhing depfessions an the
surface of an object

r A shallov grgove that oilows o a4 tiread
rehief

s A hole not drdled all the way thiouah

t. A . viused to cut internal threaas
u A tool ussd 1o cut external threads

v A rameq fat, cylindrical surface providing a
fiat surtace furbolts

w Moy along a4 radius

x Designated or theoretical size  that mady
vary from the actual

2 Distinguish between size description and shape description by placing an "X next to
ths size description,

a The views that ilustrate the shave of an objec

6 The notes and dimensions that tell the size ot an object

T Differentiate between the types or dimensisns o the accompanying HIuslr’mn by
placimg an "X next to the location dimiensions

a Dimension A

A St
b Dimension B8
] B ( D
¢ DhmersonC [ - : - s s T mmm e . . :
i cot ;
o thmensonD o~ ™ - . ' . i
. . { } & i | ' . \ i
. | / \, /
¢ nension £ e :
£ Dwvension B . . ‘ ;
. q Dimension G H . J
b Dimension H
i UDanensinn |
i Dimension J
° L WA
Y

ERIC

Aruitoxt provided by Eic:
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. 4. Match the sysiems of placing dimensions on the rig..t with their correct definitions.
a. All dimension figures are aligned with the 1. Unidirectional
dimension lines so that they may be read system
from the bottom or from the right side of the
sheet : 2. Aligned system

b. All dimensicn figures and notes are lettered
harizontally on the sheet and read from the

bottom of the drawing
1

5. Match common abbreviations on the right with their correct meanings.

a. American National Standards |nstitute 1. CBORE
b. Assembly 2. THD
_c. Bevel 3. MATL

4. DW
d. Bill of materials OWG
" 6, CI
e. Boltcircle
6. ASSY
f. Castiron
—_— 7. CL
_g. Cast steel 8 MILSTD
h. Center line 9. DIA

‘ ____ 1. Centerto center ’ 10 SF
f ____ 1 Chamfer 11. ANSI
12. CHAM
k. Cold rolled steel
— 13. TOL
. Counterbore 14. BEV
, m. Counterdrill 15. ID
! n. Countersink 16. OD
o. Degree 17. CBS
18. DIM.
p. Diameter
- 19. B/M
. Dimension 20. CDRILL
__.__r. Drawing 21, KWY
s. Finish all over 22. CS
23. SAE

t. Inside di~meter

' u. Keyseat

ERIC 3.9
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__v. Keyway

24. R
w Left hand
25. C°K
x Material
T 26. KST
y  Mihtary standard
T 27. FAO
7 Outside diameter
T 28. BC
ad. Radius
o 29. LH
_____ bb.Soctety of Automotive Engineers
30. CtoC
cc. Spot faced
T 31. DEG

Add.Thread

ee Tolerance

6 Name and define three systems of writing dimen<ional values,

d

7 Identify four basic types of hines used in dimensioning

‘,..4 e 250 --——--~————°'—“‘ 230 ~ 7 j

L

Yy o,

v,




DII-

i 8. Select true statements concerning rules for lines used in dimensioning by placing
an " X" in the appropriate blanks.

a. Extension lines start or stop 1/16" away from visible lines and are extended
approximately 1/8" beyond dimension lines

—

b. Extension lines may never cross each other
c. Extension lines are classified as thin lines
d. Extersion lines may cross dimension lines

e. Center lines may be used as dimension lines

f. Dimension lines are classified as thick lines

g. Dimension lines are broken to allow space for the dimension

h. Dimension lines are drawn as arcs to show angular measurement

I. Leaders are usually drawn vertical or horizontal

). The leader arrowhead touches the arc and points toward the center point

__k. A leader should always point to the middle of a note

9 Differentiate between the correct and incorrect placement of leader lines by placing
’ an " X" next to the leaders that are placed correctly.
12R
4
12 R ‘ I2R ——% 12K
a. b. c. d.

10 State how to draw arrowheads.

11 List two rules concerning arrowheads.

b

12. Select true statements concerning rules for dimensional figures by placing an "X" in
the appropriate blanks.

a All lettering, letters, and numerals must be perfectly leg:ble

b. Standard height of numerals 1s 1"
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Fractions are four times the height of whole numbers
Inch marks "} should always be used
The fraction bar 1s always drawn at an angle on a view

The numerator and denomimator of a fraction should touch the fraction
bar

Never letter a dimension fiqure over any hine on the drawing, break the
line 1f necessary

Make all deciimal points bold

In a group of parallel dunension hnes, the numerals should be stacked
one above the other

14 it the purpose for using dual dimensioning,

.

11 AMateh the methods of dua? dimensiomng on the nght with their correct defimtions,

a The millimeter value 1s placed above the 1 Chart method
imch dumension and sezpdmtm!‘by a dimen
sion  line, or an alternative arrangement 2 Position method
s to place the mithmeter dinension to
the 1eft of the inch dimension separated 3 Bracket. method
by o slash

b The milhmeter dimension s endlosed i
squdre brackets, and the location of tns
dimension 15 optional, but should be un
form on any drawing

o One dimension value 1s guen for cach dimen
ston on the drawmg, and elsewhere on the
drawing a4 conversion table bists i two ool
wnns  the nulhmeter values and the anch
equivdlents

TG dert true statements concermng rutes for placernent of dinensions by plyeg arn "X

© ot eappropriate blanks

ERIC

Aruitoxt provided by Eic:

£ach dunension shonld Le pven Clearly so that it can be interpreted in onty
ONe Wdy

Dhimensions mday be duplicated ar oy time

Dimensions stoud he gqiven tetwern pomis o sutbaces that have g fune
tiong! relation to each other o that consral the focation of matimg pdrts

Jii
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d. Dimensions should be given to finished surfaces or important center lines
‘ in preference to rough surfaces wherever possible

e. Dimensions do not need to be complete enough for a machinist
f. Dimensions should be drawn to hidden lines wherever possible

g. Dimensions applying to two adjacent views should be placed between views
unless clearness is promoted by placing some of them outside

h. Do not expect the worker to assume that a feature is centered (as a hole
on a plate), but give a location dimension from one side

I. Horizonta!l and vertical center lines should not be used as reference lines for
dimensions

16. Arrange in order the steps in applying dimensions to an object by placing the correct
sequence numbers In the appropriate blanks.

a. Draw in arrowheads

b. Draw extension lines and extend the center lines of the hole to be used
in the same manner as extension lines

. c. Draw in guidelines for figures

. d. Letter in dimensions

e. Use scale to measure dimension line locations with adequate space between
each and gaps for dimension figures

17. State the purpose of finish marks,

18. Draw four types of finish marks.

a. b.

c. d.

19. Select true statements concerning rules for fimish marks by placing an "X" in the
appropriate blanks.

a. Finish marks should be placed on the edge views of all finished surfaces,
including hidden edges and the contour and circular views of cylindrical
surfaces

b. Finish marks should be used on holes and other features where a note
‘ specifies a machining operation

ERIC

Aruitoxt provided by Eic:
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20

21

22

23

ERIC

'

¢ Finish marks should aiways be used on parts made from rolled stock

d If a part s finched all over, omit all fimish marks, and use the following
generdl note FINISH ALL OVER, or FAO

State the purpose for a notation on a drawing.

Select true statements concerning rules for notations by placing an " X" in the approp-
rate blanks.

a Notes are always placed parallel to the side of the drawing
b. Nctesshould be brief and clear and contain only pertinent data

¢ Notes should be spaced far enough from the views not to crowd, but still
close enough to eliminate the need far a long leader -

d Notes should always be composed so that the various shop operations are
listed 1n the arder in which they should be performed

e Use lower case letters for all‘/notes on machine drawings

Name and define the two types of notes used on a drawing

h

Select true statements concerning rules for dimensioning common m-chine manufac-
tured features 9

a "R" folfows all radi dimensions, the xenter is shown by a cross and onty one
arrowhead 1s used; available space determines whether the dimension figure
goes mside or outside the arc

b A circle s always dimensioned by its radius

c A metric diameter dimension value should be preceded by the symbol D
and the diameter dimension value in inches should be followed by DIA
except when either dimension 1s obviously a diameter

{1 Cylinders should be located by their radsus

o Drill sizes are preferably expressed in fractions

f Cylinders should be located in the cicular views, if possible
y I



O
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g. Cylinders should always be located by angular dimensions where accuracy
is important

h. When a dimension is not to scale, it should be underscored with a bold
straight line

i, Decimal dimensions should be used when accuracy greater than 1" is
required on a machine dimension

24. Select true statements concerning methods of dimensioning arcs in available spaces
by placing an " X" in the appropriate blanks.

a. Anarc is dimensioned in the view in which its true shape 1s shown
b. A center cross can be omitted for all center points
c. In least imited space, move figure and arrowhead outside

d. In most limited space, move figure and arrowhead outside

25. Draw an illustration that shows how to correctly dunension angles.

26. Draw an illustraticn that shows how to correctly dimension curves.

3V

DIl-4
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27 Draw an lustration that shows how to correctly dimension rounded end “shapes,

~ege i an dlustration that shows how to correctly dimension a spherical objec.

"

S

)9 e an alustration that shows how to correctly dimension cyhindrical objects.

W Dy threse dlustrations that show how to correctly dimension cones, pyramids, and

[NESARAN

ryeq o

l\;

O

ERIC

Aruitoxt provided by Eic:
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31. Draw an illustration that shows how to orrectly dimension features on a circular
center line,

32. Draw an illustration that shows how to correctly dimension a theoretical point of
intersection,

33. State two reasons for avoiding superfluous dimensions.

b.

34. List three ways to avoid superfluous dimensions,

b.

C.

35. List two factors concerning mating dimensions,

b.

37
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S + an Jllustration that shows how te dimension an object using the rectanguiar
coordhinate system.

tientfy vanous standard machine manuta wurd features
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‘ 38. Write proper dimensioh notes for standard machine manufactured features.

39.

- -

C.

Ream--Drilled tc .20, reamed
to .2415

TV

Chamfer--Length of offset, 1/16;

=

i I—

Demonstrate the ability to:

b.

Construct arrowheads. .
Dimension arcs.

Dimension angles.

Dimension curves.

Dimension rounded end shapes.
Dimension spherical objects.

Dimension cylindrical objects.

Dimension cones, pyramids, and prisms.

b. Counterdrill-Diameter of second
drill, 3/4 and 7/16 deep; diameter
of first drill, 1/2

$
wrTH

d. Internal thread, through-drill--
1) 7/8-fractional size of tap drill
2) 3/4 - Nominal thread diameter
3) 1 - Class 1 thead fit
4) UN - Unified thread fit
5) 12 - Threads per inch
6) F - Fine thread series

Dimension features on a circular center line.

Dimension a theoretical point of intersection.

Dimension an object using a rectanyular coordinate system. .
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<>

| Dimepsion an object using a polar coordinate system,
o Dimension an object using a tabular coordinate system
N Dimension an object bsing an ordinate dimensioning system.

o Dimension an object using prope.r dimensioning rules and correct tectiniques
to compietely describe the object.

(NOTE If these activities have not been accomplished prior to the test, ask
your imstructor when they should he completed.) e

3V

e f

ERIC .-
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DIMENSIONING PROCEDURES

UNIT IV -
) ANSWERS TO TEST
-3
a. 9 h. 16 o. 3 u 17
b. 156 i. - B p. 6 v. 4
c 8 iy 2 q. 24 w12,
d 20 k.\ 23 r. 19 x. 18
e. 14 L 113 s. 21
f. 7 m.~ 11 t. 1
g 22 n. 10 *
L)

b
b,c d,f .
a. 2 e
b. 1
a 1N h. 7 % o 3 v. 21 co. 10
b. 6 . 30 p. 9 w. 29 < dd. 2
c. 14 i 12 g 18 x. 3 ee. 13
d 19 k. 17 r. 4 y. 8 .
e 28 l 1 s. 27 2. 16
f. 5 m. 20 t 15 2. 24
g 22 n. 25 u. 26 bb. 23
a. Fractional--System of units and common fractions used primarily in structural

work
b. Decimal--System of units and decimals used in machine drawing where extreme

accuracy is required -
c. Metric--System of units and decimals based on "The International System of -

Urlits", where the millimeter is the linear unit of measure
a. Dimension line
b. Extension line
c. Center line
d. Leader fine
acghj
a,d

Arrowheads are drawn with two sharp strokes toward or away from the point; length
will vary depending on size of drawing, but width should always be 1/3 of the length

Arrowheads always touch extension lines

a\

{
b. Arrowheads are reversed when space for the dimension is too gmall
a,gh




442

13.

14.

15.
16.

17.
18.

19.
20.

21,
22.

23.
24

To show dimensions in millimeters and inches; it is especially applicable to the manu-
facture of interchangeable parts on an international basis

a 2
b. 3
c. 1
a,cd,gh

To indicate a surface on an object that is to be finished or machined

a. }f b. \/
e e

To provide in concisely worded statements :nformation that cannot be given by
standard dimensions

b,c,d
a.  General note-Consists of information which appliies to the entire drawing

b. Local (specific} note-Refers to one particular feature and requires the use of a
leader

acf

a,d

25-32. Evaluated to the satisfaction of the instructor

33.

34.

a. Duplication of effort

b. Increased chance of error for drafter and workers
Any three of the following:

a. Give dimensions in the most direct and simple way
b. Alwaysdimension to shop operation requirements

Never give a dimension more than once in the same view or in different views

o

d. Remember that the worker should never have to do any calculations from a
drawing to find a necessary dimension

o

(W
-




35. a. On two mating parts certain dimensions must correspond to make the parts fit

together; these are mating dimensions

b. While the base size will remain the same, the actual values of two corresponding
mating dimensions may not be exactly the same because the difference will

depend on the accuracy of fit required

<

36. Evaluated to the satisfaction of the instructor
37. Taper

Diamond pattern knurl
Neck

Woodruff key
Chamfer

Flat key

~oapow®

/— .20 DRILL, .2415 REAM

1 3 VN
5 DRILL, = £
3 . 7 DRILL x = DEEP

o,

x 45° CHAMFER

)
9

S
16

|
~{ f~— LENGTH

39, Evaluated to the satisfaction of the instructor




BASIC TOLERANCING
UNIT V

UNIT OBJECTIVE

After completion of this unit, the student should be able to illustrate dimensioning toler-
ances on drawings. The student should also be able to determine clearance fits, interference
fits, transition fits, and assign tolerances from standard fit tables to drawings. This knowl-
edge will be evidenced by correctly performing the procedures outlined in the assignment
sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this ur , the student should be able to:

1.
2.

Match terms related to basic tolerancing with their correct definitions.

Illustrate the systems of dimensior.ing tolerances on drawings.

L.ist the general types of fits.

Complete a chart of standard fits.

Determine clearance fit tolerance of mating parts using standard fit tables.

Determine interference fit tolerance of mating parts using standard fit tables.

Determine the limit dimensions of mating parts using standard fit tables.

Distinguish between the types of dimensioning systems.

Demonstrate the ability to:

b.

Interpret decimal tolerance dimensions.

Calculate and dimension clearance fit tolerances of mating parts.

Calculate and dimension interference fit tolerances of mating parts.
Calculate and assign tolerances to mating parts using standard fit tables.

Construct a drawing using datum dimensioning.

D Il-445
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BASIC TOLERANCING

' . UNIT V t

SUGGESTED ACTIVITIES

I Provide student with objective sheet.
. Provide student with information and assignment sheets.
1. Make transparencies,
V. Discuss unit and specific objectives.

V. Discuss information and assignment sheets.

VI. Show available standard fit tables from Machinery's Handbook or textbook
appendixes and discuss how to use the tables.

VIl.  Provide part drawings which include specified tolerances.

VIlIL. Give test.
INSTRUCTIONAL MATERIALS

I Included in this unit:
' A. Objective sheet
B. Information sheet
C. Transparency masters
1. TM 1-.Types of Tolerances ¢
2. TM 2-Application of Dimensioning . -
3. TM 3--Typesof Fits
4. TM 4--Types of Dimensioning Systems
D. Assignment sheets
1. Assignment Sheet #1--Interpret Decimal Tolerance Dimensions

2. Assiynment Sheet #2--Calculate and Dimension Clearance Fit Toler-
ances of Mating Parts

3. Assignment Sheet #3--Ca!culate and Dimension Interference Fit Toler-
ances of Mating Parts

4. Assignment Sheet #4--Calculate and Assign Tolerances to Mating
Parts Using Standard Fit Tables

‘ 5. Assignment Sheet #5--Construct a Drawing Using Datum Dimensioning




E.

Answers to assignment sheets

F. Test

G. Answaers to test

References:

A, Giesecke, Frederick E., et al. Technical Drawing. New York, NY 10022:
Macmillan Publishing Co., Inc., 1980. o

B. Brown, Walter C. Drafting for Industry. South Holland, IL 60473:
Goodheart-Willcox Co., Inc., 1974,

C. Oberg, Erik and F.D. Jones. Machinery's Handbook. New York, NY 10016:
Industrial Press, Inc., 1978.

D. American Society of Mechanical Engineers. ANS/ Engineering Drawing and
Related Documentation Practices. New York, NY 10017, 1979, o

&
E. Spence, William P. Drafting Technology and Practice. Peoria, IL-61615:

Chas. A. Bennett Co., Inc., 1973.
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BASIC TOLERANCING
. UNIT V

INFORMATION SHEET

I Terms and definitionay

A. Tolerancir.g--System designed to control dimensions to allow interchange-
ability in manuwfacturing

B. Interchangeability--The condition that refers to a part made to limit dimen-
sions so thit it will fit any part similarly manufactured

C. Basic dimension-A theoretically exact value used to describe the size, shape,
or location of a feature

(NOTE: Basic dimensions are indicated on the drawing by the word BASIC
or the abbreviation BSC.)

D. Feature-A portion of a part, such as a diameter, hole, keyway, or flat
> surface

. E. Reference dimension--Untoleranced dimensions placed on drawings for
the convemience of engineering and manufacturing

(NOTE: Reference dimensions are indicated by the abbreviation REF.)

F. Datums-Points, lines, or other geometric shapes assumed to be exact from
which the location or geometric form of features of a part may be estab-

lished r

G. Nominal size--The classification size given to manufactured products such as
pipe or lumber

(NOTE: It may or may not indicate exact size of the product.)

H. Basic siz&he size of a part determined by engineering and design require- ’
ments from which the limits of size are determined

|.  An=tual size-The'measured size of an object

J.  Allowance--The minimum intentional difference in the dimensions of mating
parts to provide for different classes of fits

K. Fit--Degree of tightness or looseness between mating parts

L. Design size-The size of a feature after an allowance for clearance has been
‘ appliea and tolerances have been assigned

ERIC T




INFORMATION SHEET

Limits--The extreme permissible dimensions of a part resulting from the
application of a tolerance

Tolerance-The total amount of variation permitted in limit dimension
of a part p

Variation--The extent to which or the range in which a dimension orsize
varies

Uniiateral tolerance--The variation is in only one direction from the specified
dimensions

Bilateral tolerance--The variations permitted are in both directions from the
specified dimensions

Clearance fit--Limits of size are determined so that a positive allowance or
loose fit occurs between mating parts

Interference fit-Limits of size are determined so that a negative allowance or
tight fit occurs between mating parts

Transition fit--Limits of size are determined so that the allowance may be
either a clearance fit or an interference fit

Dimension--Measurements given on a drawing such as size and onOn

Limit dimensioning-Method of dimensioning where only the maximum and
minimum dimensions are given 1

- Cham\imensuoning--Successive dimensions that extend from one feature

to another, rather than each originating at a datum

{(NOTE: Tolerances accumulate with chain dimensions unless the note,
"Tolerances do not accumulate,” is placed on the drawing.)

Datum dimensioning--Method where features are dimensioned individually
from a datum

(N.OTE: System does not accumulate tolerances or dimensions from feature
to feature.)

-~
Basic shaft system--The basic size of the shaft i1s the design size and the
allowance s applied to the hole -

Basic hole system--The basic size of the hole is the design size and the
allowance s applied to the shaft

~1

€S
-



INFORMATION SHEET

Systems of dimensioning tolerances on gdrawings (Transparencies 1 and 2)

A.

B.

Limits

Pl
Plus and minus

1. Unilateral

2. Bilateral

Notes

1876

47.6%5

+.000

-002

4770

1878 o

[~ 47.70'000

-0.03 METRIC
+.002
1876 ‘0001

. +0.03

(NOTE: In cases where all tolerances are the same, it is more convenient
to list the information in a note than to list the tolerances separately.)

4
*

Example: Note: Tolerances are + .010 unless otherwise specified.

General types of fits (Transparency 3)

A

B.

Clearance

Interference

-C.  Transition

Co
(T
oo
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INFORMATION SHEET Sy .
oo IV.  Chart of standard fits
| LETTER  CLASS DESIGNED
SYMBOL NAME USE
Running bnd Sliding Fits )
RC1 Close sliding fir Parts that will assemble without
play
RC2 Sliding fit Greater clearance than RC1
RC3 Precision running Close fits for slow speeds and
fits light shaft pressure

RC4 Close running fit Accurate machinery with moderate

surface speeds

RC5 & RC6 | Medium running fit High running speeds or heavy shaft
pressures

RC7 free running fit Accuracy is not essential cr where
large temperature variations exist

RC8 & RC9 | Loose running fit Wide commercial tolerances if needed

Locational Fits \

LC1 thru Locational clearance Parts which can be freely assembled
LC1 fits or disassembled
LT1 thru Locational transition Medium fit between clearance and
LT . fits interference fit
LN1 thru Locational interfer- Provides accuracy of location for
LN3 ence fits parts requiring rigidity and align-
ment
' T T hssowiet oot --"'—_:"L—_‘W dhointiton. syt e pnisadilbpeiiinau it "N—“‘—_":":,.T__:_'
Force Fits (‘
FN1 Light drive fits Parts requiring light assembly pres-
/ sures
FN2 Medium drive fits For ordinary steel parts or shrink
, " fits on light sections
FN3 Heavy drive fits Heavier steel parts or shrink fits
in medium sections
e = e . - - — [ OON——
| FN4 & FN5 | Force fits Parts which can be hugh!y_s»t[e§sgqﬁ B
O . '2 C. Oj

ERIC o
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. ' . INFORMATION SHEET e

V. How to determine the clearance fit tolerance o mating parts '. . _/
A. Determine tolerance for ;h;h 4
B. Determine tolerance for hole
C. Determine allowance

D.  Determine maximum clearance

4 ALLOWANCE %
g 1

1.248 _ ‘ 1.250
1 L

f
1.2*47%»-—-__”_ l.fsn
Y/

Example; Tolerance for shaft = 1.248 - 1.247 = 001
Tolerancefor hole = 1.251 - 1.250 = .001
Allowance = 1,250 smallest hole diameter limit

- 1.248 largest shaft diameter limit
=002

Maximum clearance = 1.251 largest hole diameter limit
- 1,247 smallest shaft diameter limit
=.004

(NOTE: Allowance is the minimum clearance of mating parts.)

(g
]
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INFORMATION SHEET

How to determine the interference fit tolerance of mating parts

A. Determine tolerance forshaft
8. Determine tolerance for hole

C. Determine interference

D. Determine maximum interference

_ 1.2506 1.2519
1.2500 1.2513 -
i b

f o
Example: Tolerance for shaft = 1.2519 - 1.2513 = .0006

Tolerance for hole = 1.2506 - 1.2500 = .0006

Interference = 1.2513 smallest shaft diameter limit
- 1.2506 largest hole diameter limit
= ,0007

Maximum = 1.2519 largest shaft diameter limit

interference ;

- 1.2500 smallest hole diameter limit
=.0019

A ]
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. - INFORMATION SHEET
A VI How to determine the limit dimensions of mating parts from standard fit tables
Running and sliding fits
Class RC 1 Class RC 2 Class RC 3
Nominal Standard Standard Standard
Size Range -0 Limits - o Limits - o Limits
. inches °e o2 : o¢g
2 2§ 28 s
. E D £ 9 E D :
. 35 Hole | Shaft| = 8 Hole | Shaft = 8 Ho!e Shaft
. Over To H5 |g4 H6 gb H7 f6
- ("" e
| 0.0.12 0.1 +02 |01 (01 +0.25]| 0.1 |0.3 +0.4 | 03
0.45 -0 .25 |0.55 -0 0.3 |0.95 ) 0.55
- AT ,
0:12.0.24 0.15 +0.2 |-0.1510.15 | +0.3 | 0.15 (0.4 +0.51-04.
. 05 -0 0.3 |0.65 -0 035112 | -0 0.7
- . y
0.24.0.40 0.2 +0.25/~0.2 0.2 +04 | 0.2 105 0.6 |-05
0.6 0 0.35| -85 0 045 (15 -0 0.9
0.40.0.71 0.25 +0.3 |-0.256({0.25 | +0.4 | -®:25 |0.6 +0.7 | -0.6
/' . 0.75 0 |045(095| 0 | 055(1.7 |0 |10
A 071119 | 03 +04 |03 |03 | +05 [-03./08 |+08 |0
) 0.95 0 -1055(1.2 0 0.7 |21 0 -1.3
SR (R R SRR S SR ,
k . 119197 | 04 | +04]-04 (04 | +06 | 04 (1.0 |+1.0}-1.
~ 11 0 07 |14 0 08 (26 -0 -1.6
1.97.3.15 04 +05|-04 |04 +0.7 | 04 {12 +1.2}-1.2
1.2 0 {07 |16 0 09 |31 -0 -19
X .
N \\4

(NOTE: From ANSI B4.1-1967, R1974. For larger diameters and other tables see the
standards, appendsxes in drafting textbooks, or Machinery ‘s Handbook. )

A. To conserve space, all values for limits of holes and shafts in standard fit

' . ’ tables are expressed in thousandths of an inch

N L ) Example: Readifg of +0.2 would be plus two ten-thousandths of an
inch (+.0002); -1.4 would be read as minus fourteen ten-
thousandths (-.0014). .

-

(NOTE: These may be converted by multiplying by one thousandth; there-

’. . ' fore, +0.6 x .001 = +.0006.)

Jo
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INFORMATION SHEFT

How to use the standard fit table to determine tolerance

Example:

NOMINAL SIZE | %
BASIC DIAMETER

—
3 /

SHAFT

1.7800

1.7800

—~.0004 —.0008

k 1.7496

1.7492

HOLE

1.7800

1.7800

+ _.0006 —.0000

1.7806

C.

1.7800

[ 3

Find the limits if an RC2 fit is required for 1 3/4" nomnal

size

!

.

0

y

75

Locate the RC2 fit columnin the table

Le

?

\

%

——

Find the nominal size range of the hole and shaft; 1.750 falls

between 1.19 - 1.97

Read across to the RC2 column

From the limits given for the hole (+0.6 and 0), and shaft
(-0.4 and-0.8), add and subtract these to the basic size

{

. Assign limit dimansions to drawings

7

b

1.7496

1.7492

%

1.7506_
1.7800

How to check limits of clearance or inerference of fits after calculations
have been made

Example:

1. Allowance = 1.7500 - 1.7496 = .0004 = 0.4
Maximum clearance = 1.7506 - 1.7492 = .0014 = 1.4

2. Read from RC2 limits of clearance table; 0.4 and 1.4

3. Calculations are correct

Ny
309
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‘ INFORMATION SHEET

VI, Types of dimensioning systems (Transparency 4)

A. Chain-Features are dimensioned from point tu point, such as holes, and may
accumulate toierances that exceed specifications

(NOTE: This is not normally used.)
B. Datum--Features are dimensioned individually from a datum or zero line

and avoids accumulation of tolerances

-

- »

\ [4 ]
. 301




Types of Tolerances

b—2750%99% —~ j—2 750 2 002 —
828
——-l +000 }~— — 2730} 992
44 - 003
UNILATERAL " _-ATERAL
TOLERANCES TJLERANCES
NOTE
1827
forear 02— s e
OTHERWISE SPECIFIED
TOLERANCE TOLERANCE NOTE GOVERNING
EXPRESSED EXPRESSED AS TOLERANCE
AS LIMITS VARIATION

Indicating tolerances on drawings

I»— 2375 BASKC ——-‘
I-‘—— 2375 8SC —‘1

T |
| —{2 375}

Ls 6§28 BSC ‘I \_ 687 ¢ 003 DA

Indicating BAS_IC dimensions

o ©

e 3 750 2003 —ete——4 260 £005 —te 300 REF —od

Indicating reference dimensions

Ny
Vv

D Il-459
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ERIC 504

Full Tt Provided by ERIC.

‘ ‘

Application of Dimensioning

——

1.876

1.874

—_—

.499. 501 DIA.
3 Holes

L .374-376 DIA.

6 Holes

.531-529 DIA.

2 Places

1086 -1 M
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Types of Fits

Interference o

l A
( Z, 7

Clearance —

_é____ 1 1

\—Tolerance ——/ S,

N

Clearance Fit

o 39

%____ -

Interference Fit

\
E——- -
: )
AR

Interference =

Transition Fit

Q% -1l O
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@ Types of Dimensioning Systems

625 - 1.000 , .8750 , 1.0000

8750

D il-4686

Accumulates
1.000

*.001 | £.0003 ]: 0004

+.0003

+.001-

X 2750 =003 v

Point-to-Point or Chain Dimensioning

@ | 4750 * 001

2.875 * 001

1875 * 001
11000
i.om} |

625

~Datum 2750 & 001

e YRy

- Datum Dimensioning

™ 4
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BASIC TOLERANCING
UNIT V

ASSIGNMENT SHEET #1--INTERPRET DECIMAL
LERANCE DIMENSIONS

H

Premise: Limit dimensioning with decimals is used so that parts that require extreme accu-
racy can be held between very close maximum and minimum limits. Limits are also used
when parts can fit very loosely and still function properly. The dimension is called out as
liberal as possible leaving the machinist a margjn which increases production and lowers
cost. Decimal tolerance dimensions can be expressed by any one of the methods in the
following example.

4

Example: 1. A48T
. 488
.487 Maximum limit above line .

.485 Minimum limit below line

— 002 = Tolerance

2.
I, +.001 ,|
48€ _ 004

487 Maximum limit .
482 Minimum limit

3
+.002
"’" - 486 -.ooo—'i

.488 Maximum limit
.486 Minimum limit
4. Shaft basic size 0.750
NOTE: Tolerances + .002 unless otherwise specified
782
782 I

.004 = Tolerance
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ASSIGN(MENT SHEET #1

il

o
o|®

|

[

Directions: Defermin

Problem A:

Problem B:

Problem C:

&

+.000
sHAFT*-330

BASIC DIAMETER-0.623

-3 —

Maximum.limit
Minimum limit

Tolerance

L}

L}

%

}o— 1.740 ':.ooz—-|

Maximum limit
/

Minimum limit

Tolerance

L}

1]

+.008
1995 "-0'05

N
Maxisum limit
Minimum limit

Tolerance

i

re?)

YA
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BASIC TOLERANCING
UNITV

D Il-469

ASSIGNMENT SHEET #2--CALCULATE AND DIMENSION CLEARANCE
FIT TOLERANCES OF MATING PARTS

L 4

Directions: Calculate the tolerances and dimension the foliowing problems.

Lroblem A:;

3
- |

L

2

- —-

Lo A s -

>
‘8ASIC DIAMETER-1.00 /2%

sHafT -390

7

[

Tolerance for shaft

"

Tolerance for hole
. Allowance =
Maximum clearance =

/

403

| +
oo
Qo

HOLE



ASSIGNMENT SHEET 3#2

Problem B:

- | S
BASIC DIAMETER-0.873 ézziéi

sHAFT Z 993 noe £-893

i

Tolerance for shaft
L]

h

Tolerance for hole

3

Allowance =
A ] ) .——j——__———-

Maximum clearance =

Directions: Calculate the tolerances and dimension the following word problems.

Problem C: Dimension the shaft to have a tolerance of .004 and a clearance fit with an
allowance of .006

Mg

' f////'

* BASIC DIAMETER=-1.250 1//

T lerance for shaft = .004

f

2350
1.246

r—

Tolerance for hole =

Allowance = 006

4.9
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ASSIGNMENT SHEET #2

Problem D: Dimension the hole to have a tolerance of .010 and a clearance fit with an

allowance.of 012

0*0

: Ne

|

H

ka

1
|
{

BASIC DIAME rER-I.7O

Tolerance for shaft =

S

Tolerance for hole = .010

7

———Alowanee- = 012

-

LU



BASIC TOLERANCING
© UNITV

ASSIGNMENT SHEET #3--CALCULATE AND DIMENSION INTERFERENQE'
FIT TOLERANCES OF MATING PARTS .

}

Digections: Calgulate the talerances and dimension the following problems.

Problem.Ai | | . % .
BRI IT | |
o

- 7
BASIC DIAMETER-1.25 /% ’

L J

sHaFT E-98%5— wore*-388

Tolerance for shaft =

]
\.

Tolerance for hole

Interference

Problem B: ) | ///
i .
TN

‘° — T
S 1 b

/ 7 é%
BASIC DIAM‘ETER-C ~8 /

sty L woetg9y

Tolerance for shaft =

Tolerance for hole

Interference




ASSIGNMENT SHEET #3

A\ d

Directions: Calcvlats the tolerances and dimension the following word problems.

Problem C® Dimension the hole to have a-tolerance of .006 l_lnd‘an interference of .007

!

W,

497

8AS!IC DIAMETER~0.800

Tolerance for shaft =

.006

Tolerancs for hole

Interfere...e = 007

%

Problem D: Dimension the shaft to have a tolerance of .006 and an interference of .009

#

!
|
1

gls
NN

{

BASIC DIAMETER-2.28

Tolerance for shaft = 006

Tolerance for hole = ;

Interference = 009

C

7




BASIC TOLERANCING

. UNIT V

ASSIGNMENT SHEET #4-CALCULATE AND ASSIGN TOLERANCES
TO MATING PARTS USING STANDARD FIT TABLES

Directions: Caiculate and assign tolerances for the problems given below. Standard fit
tables are on the next page or use the Machinery's Handbook.

Problem A: Problem B: Problem C:

T
B =
—1 —

NOMINAL SIZE IS* DIA. NOMINAL SIZE IS ZDIA. NOUINAJ SIZE IS * DIA

TOLERANCE FOR FN2 TOLERANCE FOR LT2 TOLERANCE FOR LC2

§r =

ALY

NOMINAL SI DIA NOMINAL $1ZE I8 1} 0IA NOMINAL SIZE IS I DIA
‘ rounuc{ FOR RCI TOLERANCE FOR LN2 . TOLERANCE FOR FN2

Problem D: Problem E: Problem F:

[} 1 L}

E— g _—

R e s hp e ‘.l p—— —— —{

e e e .-.] IO —

)
]
|

4.




ASSIGNMENT SHEET #4

| Class RC 2 Class €2 | T Class LN 2
Norminal N i e e
! - v Standard omind o o] Standare Nominal . 1
i Size Range [ t Size Range 3 L - Standard
' Inches ] i bty Inches e i i Sue Pange |5 Limits
»
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BASIC TOLERANCING

ASSIGNMENT SHEET #5-CONSTRUCT A DRAWING

USING DATUM DIMENSIONING

Directions: Construct and dimension the following problem in the space below. Each
hole distance from datum is + .001. Change fractions to decimal dimensions and use datum

system.
A c D
I%DIA g-ouA %olA
.I.E .LG iH
1oa Lo o
¥

~lo ./
N ’ - -
S G €1y
(0]
% 7|
DATUM__ | -3 1
B

- % THICK MAT'L

SCALE: FULL




BASIC TOLERANCING

UNITV

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1
A. Maximum limit = 376
Minimum limit = 372
Tolerance * = 003
8. Maximum limit = 1,742
Minimum limit = 1,738
Tolerance = 004
C. Maximum limit = (0,996
Minimum limit = 0,990
~ Tolerance + .005
Assignment Sheet #2
A. Tolerance for shaft = .002
Tolerance for hole =.002
Allowance = 000
Maximum clearance = 004
8. Tolerance for shaft = 002
Tolerance for hole = .004
Allowance = 003
Maximum clearance = 009
C. Todlerance for hole =.004
D. Tolerance for shaft =0.010
Assignment Sheet #3
A. Tolerance for shaft = 002
Tolerance for hole = .002
Interference = 00
8. Tolerance for shaft = 001
Tolerance for hole = .002
Interference = 001
C. Tolerance for shaft = 006

shaft dimensions = 1,000
0.998

hole dimensions = 1:002
TO00

shaft dimensions = 872
B

hole dimensions = :879
shaft dimensions = 1,240
T1.238

hole dimensions = 1 698
T.688

hole dimensions = 1,250

A

shaft dimensions = 1:252

:

hole dimensions = 0.624
0822

_ shaft dimensions = 0,626
08285

hole dimensions = .490




D.‘ Tolerance for hole = .006

Assignment Sheet #4

Shaft = 508

Shaft = .625

621

Hole = .632

625

ANSWERS TO ASSIGNMENT SHEETS

shaft dimensions = 2,271

Shaft = .759
748
Hole =.762
.750

Shaft = 872
8695

Hole =.879
875

Shaft = 1.274
1.268
Hole = 1.260
1.250
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BASIC TOLERANCING

‘ ' ' UNIT V

NAME

TEST
1. Match the terms on the right with their correct definitions.

a. System designed to control dimensions to 1. Festure
allow interchangeability in manufacturing

2. Reference dimension

b. The condition that refers to a part made o

to limit dimensions so that it will fit any part 3. Nominal size

similarly manufactured

Y 4. Bilateral

c. A theoretically exact value used to describe tolerance

the size, sha_pe, or location of a feature 5 Fit
d. A portion of a part, such as a diameter, 6. Clearance fit

hole, keyway, or flat surface
7. Tolerancing
e. Untoleranced dimensions placed on drawings
‘ for the convenience of engineering and 8. Interference fit
manufacturing
9. Actual size

f. Points, lines, or other geome*-ic shapes .
assumed to be exact from which t e lpcation 10. interchangeability
or geometric form of features of a part may - .
be established 11. Transition fit
g. The classification size given to manufactured

products such as pipe or lumber

h. The size of a part determined by engineering
and design requirements from which ‘he
limits of size are determined

i. The measured size of an object

j. The minimum intentional difference in
the dimensions of mating parts to provide for

- different classes of fits

k. Degree of tightness or looseness between

.- mating parts

9=
p e
Ce

-




| The size of a feature after an allowance 12. Allowance
for clearance has been applied and tolerances
have been assigned 13. Dimension
m. The extreme permissible dimensions of a 14. Basic dimension
part resulting from the application of a
tolerance 15. Datums
) . 16. Variation
n. The total amount of variation permitted
in hmit dimension of a part 17. Limit dimensioning

0. The extent to which or the range in which a 18. Chain

dimension or size varies dimensioning
L p. The variation is in only one direction from 19. Basic size
the specified dimensions
20. Datum
_ q. The variations permitted are in both direc- dimensioning
tions from the ified dimension .
m spec s 21. Basic shaft
A . . . system
r. Limits of size are determined so that a posi- Y
twe.allowance or loose fit occurs between 22. Design size
mating parts
23. Basic hole
i s. Limits of size are determined so that a nega- system
tive allowance or tight fit occurs between
mating parts 24. Tolerance .

t. Limits of size are determined so that the 25. Unilateral tolerance
allowance may be either a clearance fit or an
interference fit 26. Limits

/

u. Measurements given on a drawing such as
size and location

v Method of dimensioning where only the
maxinum and minimum dimensions are given

w. Successive: dimensions that - extend from
one feature to another, rather than each
originating at a datum

x. Method where features are dimensioned
indwvidually from 3 datum

y. The basic size of the shaft is the design size
and the allowance is applied to the hole

2. The basic size of the hole 1s the design size
and the allowance is applied to the shaft ‘

.

414




2. llustrate the systems of dimensioning tolerances on drawings.

a. Limits

b. Plus and minus

c. Notes

<

3. List the general types of fits.

D 11-483
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ERIC

Aruitoxt provided by Eic:

4. Complete the following chart of standard fits.

LETTER
SYMBOI

C LASS
NAME,

DESTGNED
USFE

Running nd &

liding bits

RC1 Close sliding tat Parts that wil! assemble without
play

RC? Greater clearance than RC1

kC3 Preciston ranning Close fits tor slow speeds and

tat light shaft pressure

RC& Viose running it Accurate machinery with moderate
surface speeds

R s & Rt cam orunming it

Re bree runnming 4t Accurscy is not essential or where
large temperature variations exist

‘RiB & Kt 9 wide commercial tolerances 1f needed

Locational Fits

1¢l thru focational «ledarance Pirts which can be freely assembled
taty fats or divassembled

1Tt thru Medium t1t between clearance and

i TH interterence 3t

Tocational anterters
ence ity

¥
Provides accuracy ot locition for

parts requiting rigidity and align-
ment

Force bats

BN Parts requiring light assembly pres-
sures

kNS Medium draive faits tor ordinry steel parts or shrink
fits on light sections

BNt Heavy drave fats Heavier steel parts or shrink faits
in medium sections

Fha A ENS Parts which can be highly stiessed

L IR
a4 \J
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5. Determine clearance fit tolerance of mating parts using standard fit tables below for an
‘ RC4 fit with a basic diameter of 0.625". Dimension to four decimals. Place answers in
the drawing.
NOMINAL CLASSFN 2 NOMINAL CLASS LT 1 CLASS RC 4
SIZE RANGE STANDARD SIZE RANGE STANDARD STANDARD
INCHES % LIMITS INCHES LIMITS ) LIMITS
L |Hole | Shaft & |Hole | Shaft | X | Hole | Shaft
Over To = IH? [S6 |oOve: To o IH? | j6 = | HY |7
0.24-0.40 | 0.1 |+0.6 | +1.4 | 0.24-0.40 |-0.3|+0.6|+0.3 |0.5| +0.6 | -0,5
0.75/- 0 | +1.0 +0.7{- 0 |-0.1 |1.7 0 |-1.1
0.40-0.56 | 0.1 (+0.7 | #1.6 | 0.40-0.71 |-0.3}+0.7|+0.3 [ 0.6} +0.7 | -0.6
0.8(- 0-+1.2 +0.8/- 0 |-0.1 | 2.0 0 |-1.3 .
0.56-0.71 | 0.2 |+0.7 ]| +1.6 | 0.71-1.19 |-0.3|+0.8 |+0.3 | 0.8| +0.8] -0.8
0.9]-0 | +1.2 +1.0/-0 |-0.2 | 2.4 0 | -1.6
¢ T ‘
} b

6. Determine interference fit tolerance of mating parts using standard fit tables accomp-
anying question 5 for an FN 2 fit with a basic diametér of 0.56". Dimension to four
decimals. Place answer‘in the drawing.

Y
~in

»
)
-1
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/ 7. Determine the limit dimensions of mating parts using standard fit tables accompanying
question 5 for an LT 1 fit with a basic diameter of 0.750" Dimension to four decimals
Piace answers in the drawing. -

.

8. Distinguish between the types of dimensioning systems by placing an "X" next to the
chain dimensioning system.

a. Features are dimensioned from point to point, such as holes, and may
accumulate tolerances that exceed specifications

b. Features are dimensioned indwidually from a datum or zero line and avoid
accumulation of tolerances

‘g, Demonstrate the ability to:
a. Interpret decimal tolerance dimensions.
b. éalculate and dimension clearance fit tolerances of mating parts.
c. Calculate and dimension interference fit tolerances of rnating parts.
d. Calculate and assign tolerances to mating parts using standard fit tables.
e. Construct a drawing using datum dimensioning.

" (NOTE: If these actwities have not been accomplished prior to the test, ask your
“instructor when they should be completed.)

-
»>
-

e




7
10
14
1
2
16
3
19
9
12
5
22
26

-
o»

e ~eQn

-
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. BASIC TOLERANCING
UNITV

n 24
o. 16
p. 28
q 4
r. 6
s. B
t. N
u 13
» 17
w 18
x. 20
y. 2
2. 23

ANSWERS TO TEST ,l

2. Evaluated to the satisfaction of the instructor

3. a. Clearance
b. Interference
¢. Transition

»

4. [ CLASS DHSIGNED

LT (YT USE

Running and Sliding bits

Ll Cluse siading fat Parts that will essrmble withoat
play

RC2 Slidisg Vst Greater clearance then KUY

RCY Precision running Close fits for alow speeds and

titn light shatt pressure

RCe Close running fit Accurate machinery w2th moderate
surface speeds

RCS & RCe Medrum running it Nigh running speeds or heavy ahatt
pressures

RC7 Free running fit Accuracy 18 not essential or were
large temperature variations exiat

RCB & RCY Loose running fit Wide commercial tolerances 1! nreded

Lacational Fits

LCY thru Locational clearanc® Parts which 1an be {resly assembled
e fits or disassesbled

LT} thru Lecational trassition Medivm fit between ¢ learance and
1rTe fits isterference fat

LNt thru Lecatfanal isterfer-~ Provides accuracy of location for
un ence fits parts requiring rigidity and align~

[ 413

Force Fits

[ ] Light drive {its Partas requiring light assembly pres-
sures
w2 Mediwm drive {its For ordimary steel parts or shrank
. fits on light sections
m Neovy drive fits Neovier steel parts or sheisk fits
in medivm sections
L XN ) Force (ite Ports vhich can be highly strensed

413

3




é.. Hole .5608

§. Hole .6258
8250

5600
7. Hole .7600
7500

Shaft 6242
6234

Shaft 5616
- 5612

Shaft .7503
7358

9. Evaluated to the satisfaction of the instructor

420
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AUXILIARY VIEWS

. _ UNIT Vi

UNIT OBJECTIVE
b

After completion of this unit, the student should be able to label points and surfaces,
construct auxiliaries of lines, points, planes, and curved surfaces, determine true angle
between planes, and determine shortest distance between lines. This knowledge will be
evidenced by correctly performing the proced ires outlined in the assignment sheets and by
scoring 85 percent on the anit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:
1. Match terms related to auxiliary views with tneir correct definitions
2. Select true statements conce}rimg uses of auxiliary views
h 3. Name the views from which a primgry auxiliary can be projected.

i

4. Select true statements concerning projection of measurements in a primary

. auxiliary view.
5. List the different locations of a reference line.

6. Select true statements concerning projection of measurements in a secondary
auxiliary view.

7. Demonstrate the ab:lity to:
a. Label points and planes of a three view object.
b. Construct a primary auxiliary of an inclined plane.
c. Construct a true size auxiliary of a curved surface
d. Construct true length of an oblique iine.
e. Determine the true angle and slope of a line.
f.  Determine the t'rue angle between two planes.

g. Determine visibility of crossing skew lines in space.

h. Determine the visibility of a line ard a plane that cross in space.

1. Locate piercing point of a line and a planc.

. ’




ji.  Construct a secondary auxiliary view of an object.
k. Construct point view of a line. . ‘
I.  Determine true angle between two planes in a secondary auxiliary.
m Construct a true size auxiliary of an oblique plane.
- n. Determine shor.test distance between a point and a line.

o. Determine shortest distance between two skew lines.

8. Construct various auxiliary views.

41'::,
‘-
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" VIL.
VIII.

AUXILIARY VIEWS
UNIT VI

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Prov'ide student with information and assignment sheets.
Make transparencies.

Discuss unit and specific objectives.

Discuss informagion sheet.

Construct a "Glass Box Model" to demonstrate auxiliary projection.

. Bring in other blocks or objects.

Explain the use and need for auxiliary views.

Give test.

INSTRUCTIONAL MATERIALS

Included in this unit:
A. Obijective sheet
B. Information sheet
C. Transparency masters
1. TM 1--Primary Auxiliary
2. TM 2--Primary Auxiliary {Continued)
3. TM 3--Auxiliaty View Projection ’
4, TM 4-Need for Auxiliary View
5. TM 5--Possible Reference Plane Locations
D. Assignment sheets \

1. Assignment Sheet #1--Label Points and Planes of a Three View Object

2. Assignment Sheet #2- Construct a Primary Auxiliary of ar Inclined
Plane

3. Assignment Sheet #3--Construct a True Size Auxiliary of a Curved
Surface

4. Assignment Sheet #4--Construct True Length of an Oblique Line

-




5. Assignment Sheet #5-Determine the True Angle and Slope of a Line
’ 6. Assignment Sheet #6-Determine the True Angle Between Two Planes

7. Assignment Sheet #7-Determine Visibility of Crossing Skew Lines
in Space

8. Assignment Sheet #8-Determine the Vitioility of a Line and a Plane
that Cross in Space '

9. Assignment Shest #9-Locate Piercing Point of a Line and a Plane

10. Assignment Sheet #10--Construct a Secondary Auxiliary View of an
Object

11. Assignment Sheet #11--Construct Point View of a Line

12. Assignment Sheet #12.-Determine True Angle Between Two Planes in a
Secondary Auxiliary

13. Assignment Sheet #13-Construct a True Size Auxiliary of an Oblique
Fiane

14. Assignment Sheet #14--Determine Shortest Distance Between a Point
and a Line

15. Assignment Sheet #15-Determine Shortest Distance Between Two
Skew Lines

E. Answers to assignment sheets

F. Test
' G. Answers to test -
i, References:

A. Giesecke, Frederick E., et al. ‘Technical Drawing. New York: Macmillan
Publishing Co., Inc., 1980. ‘\

\

B. Brown, Walter C. Drafting for Industry. South Holland, 1L 60473: Good-

heart-Willcox Co., Inc., 1974.

C. Jensen, Cecil and Jay Helsel. Eﬁgincering Drawing and Design. New York:
Gregg Division/McGraw-Hill Book Co., 1979.

D. Dygdon, John Thomas and Henry Cecil Spencer. Basic Technical Drawing.
New York: Macmillan Publishing Co., inc., 1968.

E. Spence, William P. Drafting Technology and Practice. Peoria, IL 61615:
Chas. A. Bennett Co., Inc., 1873,
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AUXILIARY VIEWS
UNIT VI

INFORMATION SHEET

l. Terms and definitions

Edge view--A line representing the inclined plane

Auxiliary view--A view or surface that is not perpendicular or right angle to
the plane of projection

Line of sight--Direction from which an object is being viewed
Partial auxiliary-Shows only the true size and detail of the inclined p}ane
{NOTE: Hidden lines are omitted.)

Inclined plane--A plane that is foreshortened in two principal viewing planes
and edge view in one other principal viewing plane

Foreshortened--To appear shorter to the eye than it actually s

Primary auxiliary view-A first projection-of an inclined plane from one of
the principal views

Secondary auxiliary view-Oblique plane or line projected from a primary
auxiliary view and one of the principal views

True size--A surface that 1s shown in its actual size
(NOTE: This is based upon the scale used.)

Oblique plane--A plane that is foreshortened in all three principal viewing
planes

Transfer--Take from one point or view and put in another view e
True length line--A line that appears in its actual length
Perpendicular line--A line at 90° to a given plane of projection_

Reference line--A common line on back side, center, front side, or between
views from which depth measurements are taken

Fold line-A theoretical line between two views where viewing planes fold
Symmetrical--Has same shape and size on opposite sides of a center line
Grade--The degree of inclination of a slope

Slope--The angle a line makes with the horizontal plane

¢
40
~
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INFORMATION SHEET

True angle--An angle formed by two intersecting planes
(NOTE: This is often referred to as a dihedral angle.)

Skew lines--Nonintersecting lines, not parallel to each other or to the princi-
pal views

Uses of auxiliary views

A.
B.
C.

D.
E.

Determine clearance distances and angles between manufactured parts
Describe inclined surfaces of manufactured parts

Determine percent of slope on pipelines, sewer lines, and grades on highway
construction

Determine "dip" or slope angle of geological formations

Determine true length of structural members

Views from which a primary auxiliary can be projected--All six views

Projection of measurements in a primary auxiliary view {Transparencies 1, 2,

3, and 4)

‘A, Depth and height measurements are transferred with a scale or dividers
in their true length from one of five views

B  Measurements cannot be made from view wi.h edge view

C. Length measurements are projected in ther true length perpendicular

from edge view to primary auxihary

Different locations of a reference line (Transparency 5)

A

Back edge of view
Center line

Front edye of view
Between views

(NOTE These are referred to as fold lines )

Projection of measurements in a secondary auxihary view

A

Depth measurements are transferred from the edge view of one of the
principal views

Length measurements are projected from primary auxiliary view

i

’
“’ Al

4 by o]
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@ Primary A,uxiliéry

Depth Equal in Top
and Auxiliary Views

REFERENCE
' LINE

ISOMETRIC

® VIEWS
ORTHOGRAPHIC

VIEWS

4'r'~ ™ 1
L™




Primary Auxiliary
(Continued

S| -1
j ISOMETRIC VIEWS

»

Height Equal in Front
and Auxiliary View

D Il - 497

True size of sloped -

\}\ surface.
—]

Retference Lines

‘1101,‘
— J

™ 2




Auxiliary View Projection
Length |

True size of sloped surface
in auxiliary plane.
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Need for Au‘xiliary View

S

A

True size and shape of surface not
- shown in any regular view.

-

o]

!
l
l
I
L

)

Ll
I

Right Side
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~ Possible Refgrence Plane Locations

4

Back Side

— Front Side

Fold Line " Between Object

i
|
|
|
|
L




!

|

v
)

AUXILIARY vnsv&s
UNITVI |

{
2. Start with top view and label all points that make
up the corners of the top plane

(NOTE: Use lower case letters; if two corners are
on the same point, put the letter outside the cbject to
_indcate point closest to observer.)

\
3

3. Label points that are away from observer by putting
their point celiout letters inside the object

. o e A i

ASSIGNMENT SHEET #1-LABEL POINTS AND PLANES
OF A THREE VIEW OBJECT

ple.
Example:
1. Use given two views of an object with a pictorial show-
ing location of all points )
K
m

~ k-\ﬂ K

Premise: When two planes meet, they form a line; when two lines meet, they form a point.
An object is made of lines, points, and planes. In drawing auxiliary views of an object, it
becomes necessary to label these lines, points, and planes with letters or numbers to be
absolutely sure that the auxiliary views are formed correctly. Labeliny points is not used in
all of auxiliary view drawing, but it is beneficial on hard-to-visualize objects. Points and
planes of a three view object can be labeled by using the procedure in the following exam-

TOP

TOP




Directions: Label points of the objec} below using lower case letters. Start at point a.

ASSIGNMENT SHEET #1

Use same procedure to locate point letter callouts
in front view

(NOTE: Points closest go outside t)fe object; those
behind go inside the object.)
h 9

a @ \fCd
9 N\

N -
" FRONT

Problem:

]
M\ .

4 g
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AUXILIARY VIEWS
UNIT VI

'ASSIGNMENT SHEET #2-CONSTRUCT A PRIMARY AUXILIARY
OF AN INCLINED PLANE

Premise: Many objects have a plane that is inclined; if this plane needs to be dimensioned, it
will be necessary to draw it true size. A primary auxiliary of an inclined plane can be con-
structed by using the procedure in the following example.

Example:

1. Use given top and front view; draw auxiliary view of
plane abcde . Aa

(=]
e e
7 qo. N
2. Determine line of sight perpendicular to edge view 7
of plane abcde to be drawn to true size
3. Locate reference line tn the top view in either of the > .
following places: back, middle, front, or between \
views / \

(NOTE: The back of the top view was used for this 4
exampie.)




ASSIGNMENT SHEET #2

Locate reference line in auxiliary view perpendicular
to line of sight at an adeq distance from edge
of front view

Draw light projection lines from points of plane to
he drawn to true size

Locate points on or in relation to reference plane
by transfernng measurements from top view with
diwviders

Connect points 1n auxiliary view that appear to be
connected in top view, darken lines

Reference
Line




on-

ASSIGNMENT SHEET #2

Directions. Label points and draw an auxiliary view of the inclined planes. Leave all con-
struction lines.

Problem A:

A, 0y
2




ASSIGNMENT SHEET #2

Problem B:

Problem C:




AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #3--CONSTRUCT A TRUE SIZE AUXILIARY
OF A CURVED SURFACE

Premise: A curved surface such as a circle is divided up into a series of points, and points are
used to plot the true size of the curved surface. A true size auxiliary of a curved surface can
be constructed by using the procedure in the following example.

Example:

1. Given an object that has a surface in the front view
that is cut at an angle, divide the top view up into
a series of points and number or letter each point

s e o o

— — —— -

2. Assume a line of sight perpendicuiar to the edge of
the sloped surface
™~

3. Project points of circle in top view to edge of surface in
front view ’
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ASSIGNMENT SHEET #3

/
4. Project these points of i rsection perpendicular
to the surface edge and introduce reference plane e
center line & Ref. 1 7
o
e — e —
5. Transfer points from top view center line to auxiliary S\
view center line \
b

L4 Directions: Construct a true size auxihary view of the following inchined surfaces.

Problem A:
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.« ASSIGNMENT SHEET #3

Probiem B:

Problem C:




AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #4--CONSTRUCT TRUE LENGTH
OF AN OBLIQUE LINE

Premise: When a line is oblique to gy principal views, an auxiliary view is required to find
the true length. True length of an oblique line can be constructed by using the procedure in

the following example. a
Example:
1. Use given two views of a skewed line a-b b

Ref. Line .

2. Assume 90° line of sight from any one of the four
directions shown

Ref. Line

3. Select a line of siglit with least amount of congestion
and most drawing space

»

Ref. Line

e
[ 3

> -
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ASSIGNMENT SHEET #4 ‘

4. Assyme reference line at a convenient distance perpen-
dic)lar to line of sight; project points a-b through
reference plane

Ref. Line

hY

5. Transfer points a and b from top view and connect
points to form true length line
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° - ASSIGNMENT SHEET #4
\,/

Directions: Construct true length of the lines given below. Label line TL.

Problem A: 8 Problem B:
C C
A s
'
|
T - -
F , N
B8
| / D D

A _ F |rs

Problem C: \Problem D:
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. . AUXILIARY VIEWS
UNIT VI

]
ASSIGNMENT SHEET #5-DETERMINE THE TRUE ANGLE
AND SLOPE OF A LINE

]

Premise: The slope of a line is the angle the line makes with the top view. The slope may-be
expressed in percent or degrees of grade. When the line of slope is oblique to principal views,
a primary auxiliary-is needed to find true length of line. The slope of pipeline systems must
be specified on drawings for gravity flow. The true angle and slope of a line can be deter-
mined by using the procedur7iﬁ1e following example.

Example: s

%

1. Use given top and front view of slope of line A-B

Ay .




6  Measure andgle with protractor

ASSIGNMENT SHEET #5 ’

‘ '

3. Project end points perpendicular to line A, BE and
transfer distances from top view to establish true

length line ‘ A T -
(] T
. 0I1ST B,
l T;
oIST
T - <1
4 . B,
. \
A F\B>
f X
%)
"\
ot
D ‘
Construct a hine pa.rallel and perpendicular to reference (
hine to establish run and rise to stope !
. A T

Use scale to mark divisions on run and nise lines; calcu
late percent slope

S
SLOPE » 1d—p» 36 %

Directions Construct the wngth of ines in the following problems. Calculate percent slope

and measure angle

. -

o
e
e




\
\
-

ASSIGNMENT SHEET #5

Problem A: Problem B-

T
F

°\D
\D

Problem C: Proble?r'D:
E
G
T . -
F
G 4
E \
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. AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #6 -DETERMINE THE TRUE ANGLE
BETWEEN TWO PLANES

Y

Premise: In the design and manufacture of the parts, it 1s sometimes necessary to determine
the angle between two planes. This angle can be determined when the line of'jntersection is
parallel to one of the principal views. The true angle between two planes can be determined
by using the procedure in the following example.

Example: orT

1. Use given top and front views of the two planes

|

L

2. Line of intersection at AT BT i§ viewed In its true
length 1n top view \

- \

(NOTE: For this procedure that line of intersection
must be parallel to one of the principal planes.)

\
\
\

T -
: Fa
3. Construct reference line RL1 perpendicular to true
length line ‘
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N\ ASSIGNMENT SHEET #6

4. Project points from top view to primary auxiliary
perpendicular to reference line; transfer distances
from front view to primarv auxiliary to establish edge
view of planes

Oy

% Measure true angle between the two planes

Directions: Deterfmine the true angle between two planes in the following problems. Mea
sure angle with protractor. Label corners of planes. Leave construction lines. ‘

Problem A"
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ASSIGNMENT SHEET #6

Problem B
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AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #7-DETERMINE VISIBILITY OF CROSSING
SKEW LINES IN SPACE

Premise: In the example of two nonintersecting pipes shown below, the visibility of the pipe
nearest to the viewer cannot be determined. The procedure in the following example can be
used to determine which pipe lies in front of the other. B8

T
Example: . . -~
' cr12
1 Use given two views of crossing pipes with center 2 -
lines labeled T~
A ~0r
T - T RL
13 1 -
. A‘\L/u D¢
-
2\)A Bf
/
C F
2. Determine visibility of line in top view 8 T
a  Label the crossing of lines AT, BT, and Cy, DT, CT Z
as 1, 2 /
= 0
h, Project the crossing point to the front view, g/ T
establishing points 1, 2 T A T RL
F A -
c. Point 1 s closer to reference line, therefore, F - OF
line AT, BT 1s nearer in top view and 1s visible \k\
~ B F

11..“

h
PRV ARV
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ASSICNMENT SHEET #7 ' 8
-~ 0T
¢, . ‘
3. Determine the visible line in front view T l 3
-~ N _ Dy
a. Label the crossing of lines Ag, BF, and Cf, Df T'F ak _.T : RL
as 3, 4 :r - Of
b. Project the crossing point to the top view, estab- e -~ B,
lishing points 3, 4 ~
c

c. Point 4 is closer to reference line; therefore,

line Ag, BE is nearer in front view and is visible F Ar{\ O,
‘\‘i\ ’//
== 8

Directions: Determine which pipe is closer to the viewer in the following views, Complete
the shape of pipes and leave projection lines.

Problem A: Problem B. q

O c

~ \\ B
,\//\ c A _>X‘/
A/ ~ —_ )
T
T




‘ ASSIGNMENT SHEET #7

Problem C: Problem D:
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AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #8-DETERMINE THE VISIBILITY OF A LINE
AND A PLANE THAT CROSS IN SPACE

Premise: Determining the visibility of a line and a plane that cross in space is similar to that
of crossing lines. The visibility of a line and a plane that cross in space can be determined by
using the procedure in the following example. A
T
Examples:
X
* 1. Use given two views of plane ABC and line XY crossing 91-
In space YT
T
—
Ar
At
2. Determine visibility of line in top view
X
a,  Label the crossing of line XT, YT with plane AT, By
Bt,Cr.851,2 Yr
e
T - - L
Fyel
X F \
b. Project the crossing points to the front view,
establishing points 1, 2 Ag
Ye
c The projected lines intersect line Xg, YF before ) BF
they intersect the plane; therefore, line Xg, YE 15
n2arer o top view and is visible
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*ASSIGNMENT SHEET #8
, Ay ‘
3. Determine visibility of line in front view X T
B
T
a. Label the crossing of line Xg Y with plane Ap Yy
BFCfras3,4
T -- RL
Fx ¢
L. Project the crossing points to the top view, estab-
lishing points 3, 4 Ag
y Y F
B,

c. The projected lines intersect the plane before
they intersect the line; therefore, line Xg Y
1s hidden in the front view

{(NOTE: The plane is nearer to the front view
and line XY crosses behind plane ABC.)

Directions: Complete the following two view drawings showing the visible and hidden lines.
Leave projection lines.

Problem A: Problem B: 0
A
.M
B
N
T T
——— -
F F Q

c
c
B .
M
A
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ASSIGNMENT SHEET #8

Probiem C. Problem D:
Y +
P )
y4 v;?
Q
) TX T - —
F - F Q
Y /
)
4
p &
X R




AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #9-LOCATE PIERCING POINT
OF A LINE AND A PLANE

Premise: The piercing point of a line and a plane may be located by constructing a primary
auxiliary view. An edge view of a plarie and a line is projected from one of the plane and a
line is projected from one of the principal views to show intersection. The point where the
line intersects the plane is projected to the principal views. The procedure for determining
visibility of line is given in Assignment Sheets 7 and 8. The piercing point of a line and a
plane can be located by using the procedure in the following example.

! Xy BT
Example: \
A

T
1. Use given views of line XY and plane ABC Y
T
Cy
T o RLI
F Ye
Ag /
Be
Cr

Xe

2. Construct line AT D1 in top view parallel to reference
line RL1; then project point DT to front view, locatirg

point D \ By

(NOTE: Line AD may be constructed parallel to RL1in
front view.)
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ASSIGNMENT SHEET #9 ‘
X 8
3. Project true length kine Ag Df as line of sight; construm T
reference line RL2 perpendicular to it T L Dy
' YT
‘ T AL TY
F Y K
A &
" / B¢

4. Project points Ag, Bf, Cg, Xf, YF to auxiliary and
transfer distances from top view to establish piercing

point 0

- 1

M =

!
) 1.0




ASSIGNMENT SHEET #9

5. ’Project the piercing point to frdht and top views




ASSIGNMENT SHEET #9

n

Directions: Determine pieréing point of a line and a plane In the following problems. Leave

construction lines and determine visibility of lines,
~. ’ O

Problem A: . ] Problem B:

’

Problem C: o o . 'Problem D: . n
: L P .




DIl-5

AUXILIARY VIEWS
‘ UNIT VI -

| ASSIGNMENT SHEET #10--CONSTRUCT A SECONDARY
AUXILIARY VIEW OF AN OBJECT

Premise: An infinite number of views can be taken from any view of an object. The first
auxihary off the orthographic view is called a primary auxihary view. An auxihary off a
primary auxiliary view 1s called a secondary auxiliary. A secondary auxiliary view can be
constructed by using - e procedure in the following example. An auxiliary can be drawn of
any angle desired or needed tor this procedure.

Example:

1 Use given top and front view of a simple object, assume
a line of sight at angle indicated

TOP
Ref. Line
FRONT
* o
2 Project each point to auxihary view and trinster point ,

distances from front view -~

E

(INOTE. Always skip a view for transfer of measure
ments )

T
KY
TOP & &
LR
A ) Q o*
v
/
FRONT l
. o
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ASSIGNMENT SHEET #10

3. Assume another line' of sight for view number two;
transfer dimensions from top view

TOP ol - condary
\ Y Auxiliary
Q"
Ref. Line
FRONT

[
.
£

(NOTE" This process can go on indefinitely from any view in any direction. The principle 1s
the same and the Lasic steps are the same.)

Directions* Construct auxiliary views at lines of sight indicated.

Problem: 5
Ref. Line
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AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #11.-CONSTRUCT POINT VIEW OF A LINE

Premise: Determining the point view of a line is basic for projection of a secondary auxiliary
view. The procedure given in the example is for determining point view of only one line.
The procedure for finding point view of oblique lines is the same. Point view of a line can be
constructed by using the procedure in the following example.

Example: A
F

1. Use given top and front view of line AB

T

\T

T

F BF'
A

At
2. Construct reference line RL1 parallel to line AFBF\BT

INOTE: Top view could have been used.)

T --
F

3 Find true length of line Ag Tfg by projecting end

A
Ay
points from front view, then transfer from top view ! 1\
DIST. & Ty
r

[ . !
F—
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ASSIGNMENT SHEET #11

4. Construct reference 1ine RL2 perpendicular to true

length line A By
At

\BT
OINT VIEW

. ) P
F% Az/'- 82 v,%

RN
3 n® /S\ N
l

D\ST - B

‘\/

A

5. To find pouint view of line, transfer distance from
front view anu project line Aq B to secondary auxiliary

view
Directions: Construct a point view of a line in the following problems. Label end points

of lines in construction. Leave construction lines.

" Problem A: B

oy

ﬁg ! ‘A
¥
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ASSIGNMENT-SHEET #11

Problem B:

n,
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AUXILIARY VIEWS
. UNIT VI

ASSIGNMENT SHEET #12--DETERMINE TRUE ANGLE BETWEEN
TWO PLANES IN A SECONDARY AUXILIARY

Premise: When the line of intersection between two planes is an oblique line, a secondary
auxiliary view is required, True angle between two planes in a secondary auxiliary can be
determined by using the procedure-in the-following example

Example:

1. Use given top and front views of the two planes

2. Construct primary auxihary view of planes to cetermine
true length of line of intersection

< P
4Q4LLE\ C
L
X/ #Le

~ C
. J - RLI

F A .

a c
‘ B8 —

-’
-
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ASSIGNMENT SHEET #12
3. Construct a secondary auxiliary view to determine
point view of line of intersection

4. Locate points By D7 by projecting from primary
auxiliary view; transfer distances from top view

5. Measure true angle between line of intersection of
two planes with protractor

Dy
. grnut ANSLE !
' - ‘:
B2
ACa
3 ’
Directions: Determine the true angle between two planes in the following problems. Mea- ‘
sure angle with protractor or drafting machine. Leave construction lines.
Problem A:
A C
—— 2
_-.’.'.._
e /
T D 8
8
c
A
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ASSIGNMENT SHEET #12

Problem B:

A0




AUXILIARY VIEWS
UNIT VI

ASSIGNMENT SHEET #13--CONSTRUCT A TRUE SIZE AUXILIARY
OF AN OBLIQUE PLANE

Premise: ‘An oblique plane is at an angle to three princi, il views. It will not appear true size

in any of the views; therefore, it is necessary to draw an auxiliary view of it. Oblique planes

are not uncommon on many types of drawings. A simple example is given, but the basic

principles will apply for all situations. A true size auxiliary of an oblique plane can be
“constructed by. using the procedure in the following example.

| . .

Enample:

1. Use given surface abcd, top and front view

2. Construct a horizontal line either in the top or front
view at point a or ¢ in top or point b or d in front; in g
this example use point d in front and extend it horizon-
" tally to line b¢ making a new point e ) l

%4

471
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ASSIGNMENT SHEET #13 '

3. Project point e to top view unti! it crosses line bc and

draw line d-e jn top; line d-e Is true length -
[
d
AR
~N
..
ag
$
/-
. - b.
4. Assume a line of siyht looking into the end of line s e
d-e, draw reference hine perpendicdlar to line- ot sight i >c
d
-

V4
5. Project points abcd through reference line and transfer
measurements from front view

(NOTE: Points abcd will form a straight line which / \,)\a

1s an edge view of plane.)




ASSIGNMENT SHEET #13

6. Assume a line of sight perpendicular to edge view
and draw a true size view of plane abcd by transferring
point distances from top view to true size auxiliary view

7. Connect points to form true size of plane

Directions: Construct true size view of the oblique planes in the problems given.

P-okblem A:

473

DIl1-55
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ASSIGNMENT SHEET #13 _ ‘
Problem B: N
8.
s
T o — C
F .
c
b A .
I A
B
Problem G:
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' - ) AUXILIARY VIEWS
. UNIT VI
ASSIGNMENT SHEET #14.-DETERMINE SHORTEST DISTANCE BETWEEN )
A POINT AND A LINE ~
Premise: in the manufacture of equipment, it is necessary to determine the clearance
. ) distanceé between parts. The shortest distarte is determined by secondary auxiliary view. A
distance between a point and a line can be determined by using the procedure in the follow- |
ing example, ' )
Examp'e:
1. Use given front and right side views of the line g’
N and point T -
! F Ag FIRS A RS <
o PF /t .f.‘
' -
|
{ |
) & B¢ B ]
. 2. Construct reference ne RL2 parallel to line ARg RL s
B ‘ A7
. . ) RS { , . ,
v : . > . ’ e‘ s
3. Construct true Yength of line AB by projecting end 2
points from,right side view, then transfer distance
from front v!ew . -
4. Construct pdint P in primary auxiliary
! T . <
Foa, F
0|:_9_L____w‘_~
T " o h
s T Dist it
1 e meegied
I
i . ]
/ | / |
(. B - omr R
! | l
5. Construct rqlference line RL3 perpendicular to line ) ' >
A 1B } ‘ '
’ 6. Transfer distances M3 Nq ;_rom primarr auxHiary to ) ¢
‘ ‘ establish point Pp and point view of line-A2 B .
e f
O

[RIC o 4T




ASSIGNMENT SHEET #14 - ‘

’

L
7. Distance between point P and point view of line A2
B is the shortest distance’

Point view of 1ine
- TN
. - %':::.nc'
)
9 ’ . . ' - 2 o,
- ¢ i ) o @
. Y-~ . .

1‘, Be oo~

i

Directions: Using secondary auxik«ry procedure, determine shortest distance between
a point and a Iirtqm the problems given. Measdte distance with full size scale.
< .

§

Problem A:

<
T L Pr
F .

>
/BF " ' )
AF QPF b '
. H .
!

. Pe
\
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| AUXILIARY VIEWS
. -. UNIT Vi

' | ASSIGNMENT SHEET #15-DETERMINE SHORTEST
DISTANCE BETWEEN TWO SKEW L.NES

Premise: Crossing lines in space are not necessarily intersecting lines. Sometimgs it becomes
necessary to determine clearance distance between two lines. Shortest distance between two
skew lines in a secondary auxiliary can be determined by using the procedure in the follow-
ing example.

Example:

1. Use given top and front views of two skew lin%;

Or
A'l’
- By
cT
T - RLI
3
@ N |
Ce
g r
Af
2. Construct reference line RL 2 parallel to line Ag Bf

in front view

(NOTE: Top view may be used if reference line is

constructed parallel to one of the lines.) A, Oy |
o-{sr 0' DIST
\\ ’ * 1—’67 m‘nl
N ; :!SY . .L“
3. Construct primary auxiliary of line Ag BF to determine cy
true length line .

Ay

4. Construct reference line RL3 perpendicular to true
. length line

o . 477
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ASSIGNMENT SHEET #15

5. Transfer distarces from front view to secondary aux-
iliary view, then project points from primary auxiliary
<to secondary auxiliary to establish line and point view
of a line

6. Distance between line C2 D2 and point view of line
A9 B3 is shortest distance

Directions: Determine shortest distange between two skew lines in the problems given.
Measure the distance with full size scale.

Problem A:

Br
Cr
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Problem B:
At
Ot
cT BT
L -
F
Ag Or
Cr
Bf

479

D Il - 657
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UNIT VI

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

Assignment Sheet #2




C.
[
i
l .
Assignment Sheet #3 o N
A.
B.

_
l
+—d4
|
1
<
o
[
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Assignment Sheet #4
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Assignment Sheet # <
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| Assignmelr)\t Sheet #7
' A. B B.
. . 8
" — A
A o!
T ol .
F A ‘ I
C
8

A
Assignment Sheet #8
A o

A B.
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N
H

i

C. Y
z
{ ‘
T X —_—
F Rl
| v
z
X
Assignment Sheet #9
A. °
A .
W X 4
\
T |C ‘c
D\ 8

M ™
J
/7\XM
—N
T
F
A

M




Assignment Sheet #10

=
\

Assignment Sheet #11
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Assignment Sheet #12

Assignment Sheet #13
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Match the terms on the right with their correct definitions.

AUXILIARY VIEWS
UngYVI

NAME

ou-

TEST

A line representing the inclined plane

A view or surface that is not perpendicular
or right angle to the plane of projection

Direction from which an object is being
viewed

Shows only the true size and detail of the
inclined plane

A plane that is foreshortened in two principe!
viewing planes and edge view in one other
principal viewing plane «

To appear shorter to the eye than it actuaily
IS -

A first projection of an inclined plane from
one of the principal views

Oblique plane or line projected from a pri-
mary auxiliary view and one of the principal
views :

A surface that is shown in its actual size

A plane that is foreshortened in all three
principal viewing planes

. Take from one point or view and put in

another view

A line that appeatis in its actual length

. A line at 90° to a given plane of projection

. A common line on back side, center, front

side, or between views from which depth
measurements are taken

A theoretical line between two views where
viewing planes fold

Has same shape and size on opposite sides
of a center line

Nonintersecting lines, not parailel to each
other or to the principal views

489

10.
1.
12
13.
14.
15.
16.

17.
18,
19.
20.

N e o & W N

Partial auxiliary
Inclined plane
True size
Symmetrical
Auxiliary view
Oblique plane

Perpendicular
line

Edge view
Fold line

Line of sight

Slope

True length line
True angle
Foreshortened
Grade

Primary auxiliary
view

Skew lines
Transfer
Reference line

Secondary
auxiliary view
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ERIC

Aruitoxt provided by Eic:

r The degree of inclination of a slope

s. The angle a line makes with the horizontal
plane

t. An angle formed by two intersecting planes

Select true statements concerning uses of auxiliary views by placing an "X" in the
appropriate blanks.

a. Determine cleararne distances and angles between manufactured parts

h. Describe inclined surfaces of manufactured parts

¢ Determine Percent of slope on pipelines, sewer lines, and grades on highway
construction

d Determine percent of slope on geological formations
e. Project any length of structural members

Name the views from which a primary auxiiiary can be projected.

Select true statements concerning projection of measurements in a primary auxiliary
view by placing an " X" in the approprniate blanks.

a Depth and height measurements are transferred with a scale or dividers
in their true length from one of five views

. Make all measurement views from the edge view

c Length measurements are projected n thewr true length perpendicular
from edge view to primary auxihiary

List the different iocations of a reference hine.

d ) -

Select true statements concerning projection of measurements in a secondary auxthary
view by placing an " X" in the appropriate blanks.

a Depth measurements are transferred from the edge view of one of the
principal views

_b. Length measurements are projected from edge view

430
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| ‘ 7. Demcnstrate the ability to:
|
| a. Label points and planes of a three view object.
l b. Construct a primary auxiliary of an inclined plane.
c. Construct a true size auxiliary of a curved surface.
d. Construct true length of an obligue li. .e.
e. D.etermine the true angle and slope of a line.
f.  Determine the true angle between two planes.
g. Determine visibility o* .rossing skew lines in spz;ce.
h. Determine the visibility of a line and a plane that cross in space.
i Locate piercing point of a line and a plane.
). Construct a secondary auxiliary view of an object.
k. Construct point view of a line.
I.  Determine true angle between tws pianes i a secondary auxiliary.
‘ m. Construct a true size auxiliary of an obligue plane.
n. Tetsrmine shortest distance between a point and a line.

o. Determine shortest distance between two skew lines.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)

8. Construct the following auxiliary views. -

a. Construct a priimary auxiliary of an inclined nlane.

-t

. 404
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b. Construct a true size auxiliary of a curved surface.

c Determine the true angle between two planes

:

492
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AUXILIARY VIEWS

UNIT VI
ANSWERS TO TEST
. a 8 h, 20 o. 9
b. 5 i 3 p. 4
c. 10 ] 6 q. 17
d 1 k 18 r. 15
e. 2 | 12 s. 1
f. 14 m. 7 t. 13
5. 16 n. 19
ab,c
. All six views

a Back edge of view
b. Center line

c. Front edge of view
d. Between views

Evaluated to the satisfaction of the instructor

DIl-673
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. SECTIONAL VIEWS

UNIT OBJECTIVE

After completion of this unit, the student shoulc be able to construct material symbols, full,

half, offset, broken-out, removed, revolved, rils, aligned, and assembly sections. The student._
should also be able to construct conventional breaks. This knowledge will be evidenced by
correctly performing the procedures outlined in the assignment sheets and by scoring 85 S
percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the stutdent should be able to:
1. Match terms related to sectional views with their correct definitions.
Identify types of sectional views.
Identify material symbols in section.

Match types of sections with their correct uses.

2
3
4
5. Identify line thickness used in sectional drawings.
. 6. Select the most commonly used form of cutting plane lines.
7. Select true statements concerning general rules in sectioning.
8. Identify types of conventional breaks.
9. List common errors in making section lines.
10. Select true statements concerning use of unlined séctions.
11. List methods use * to aid equal spacing of section lining.
12. Select true statements concerning labeling sectional views.
13. Demonstrate the ability to:
a.  Construct various material symbols in sectioni.
b. Constructa fu.ll section of an object.
c.  Construct a half section of an object. ' .
) .d.  Construct an offset section of an object. ‘

e. Construct a broken-out section of an object. .

‘ f.  Construct a removed section of an object.

ERIC | 493



g. Construct a revolved section of an object.

h. Construct a rib section of an object.

i.  Construct an aligned section of an object with holes, ribs, or spokes.

j.  Construct adjacent parts in assembly section.

k. Construct conventional breaks.
{.  Construct an assembly section.

14. Construct various sectional views.

A

496
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SECTIONAL VIEWS
UNIT ViI

_ SUGGESTED ACTIV|TIES

Provide student with objective sheet.
Provide student with information and assignment sheets.

Make transparencies.
Discuss unit and specific objectives.

Discuss information and assignment sheets,

‘Constri~t "cutaway models” of various objects to illustrate sectional views.

Display cutaway parts of sectional views in classroom for students to inspect.
Discuss the use of sectional views.

Give test.
INSTRUCTIONAL MATERIALS

Included in this unit:

A. Objective sheet

- B. Information sheet

C. Transparency masters
1. TM 1--Full Section
TM 2--Half Section -
TM 3--Offset Section
TM 4-Broken-Out Section
TM 5-Removed Section
TM 6--Revolved Section
7. T™™ ?--Ali;\ld Section .
TM 8-Aligned Section (Continued)
9. TM 9-Rib Section,, ' .
10. TM 10--Assembly Section

o o a2 N
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11.<?M 11--Material Symbols in Section
12. TM 12--Direction of Section Lines
13. TM 13--Materials i’t}Ammbly Section .’

14. TM 14-Visible Lines

16. TM 15-HiddensLiaes

16. TM 16--Hidden and Symmetry Line Application

4

17. TM 17-Thin Sections
18. TM 18--Outline Section
19. TM19-Errors in Making Section Lines

D. Assignment sheets

1. Assignment Sheet #1--Construct Various Material Symbols in Section
Assighment Sheet #2--Construct a Full Section of an Object
Assignment Sheet #3--Construct a Half Section of an Object
Assignment Sheet #4--Construct an Offset Sectiph of an Object
Assignment Sheet #5--Construct a Broken-Out Section ‘of an Object
Assignment Sheet #6-Construct a Removed Section of an Object
Assignment Sheet #7-Construct a Revolved Section of an Object
Assignment Sheet #8-Construct a Rib Section of an Object

Assignment Sheet #B-Construct an Aligned Section of an Object
with Holes, Ribs, or Spokes ) e

® ©® N O O s W N

—

Assignment Sheet #10--Construct Adjacent Parts in Assembly Section

-
o

11, Assignment Sheet #11--Construct Conventional Breaks
12. Assignment Sheet #12--Construct an Assembly Section
E. Answers ‘) assignment sheets
F. Test -
7 P . . E " . —
G. Answers to test '

.
* » .

i". : References:

A. Giesscke, Frederick E., et al. Technical Drawing. New York: Macmillan
Publishing Co., Inc., 1980, .
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8. Brown, Walter C. Drafting for Industry. South Holland, IL 60473:.
Goodhesrt-Willcox: Co., Inc., 1974,

C. Jensen, Cecit=wnd Jay Helsel. Engineering Drawing and Design. New York:
Gregg Division/McGraw-Hill Book Co., 1979.

D. Dygdon, John Thomas and Henry Cecil Spencer, Basic Technical Drawing.
New York: Macmillan Publishing Co., Inc., 1968.

E. Spence, William P. Drafting Technology and Practice. Peoria, IL 61615:
Chas. A. Bennett Co., Inc., 1873.




Terms and definitions

A

"

SECTIONAL VIEWS
.- UNIT ViII -

INFORMATION SHEET N

-

Sectional view--The imginary cutting away from front viewing portion
of the object to show the interior detail

Full section--The cutting plane passes completely through an object and the
cross section behind the cutting plane line is exposed to view

Section lining-A line symbol that is drawn on exposed cut surface; some-
times called cross hatching

Section symbols--Symbolic section lining used “for indication of various
materials )

(NOTE: Do not use on microfilm drawings; use standard cast iron symbol.)
Cutting plane--An imaginary plane used to cut through an‘object

*Half section--The cutting planes are passed at right angles to each other along
the center |lines and one-fourth of object is removed

Offset section--Has a cutting plane line to pick up features that are not along

a common cutting plane
LY

Broken-out sectio‘n'--An area broken out of a view that shows only a portion
of that view in section

Removed section--A revolved section drawn off the principal view and placed
in another convenient-location

Revolved section--A cutting plane line is passed through an area and then the

image is revolved 90° in position
N

Aligned section--Used to align features such as spokes, holes, and ribs along a
common plane so that they can be detailed more easily

Thin section--Materials too thin for section lining are shown solid

Unlined section--Used for clarity in sections of assembly drawings of
standard parts where the axis of the part lies in the cutting plane

(NOTE: When the axis lies at right angle to cutting plane, the part is
sectioned.)

Conventional break--Used in making a shortened view of a long simple
object »

(NOTE: Do not remove holes from object in shortened view.)

()



INFORMATION SHEET

. 0. Assembly section--Shows all parts of an object as one unit and drawn using
) section lining to make the individual parts stand out

P. Outline sectioning--Section lines are shown along the borders of a large part
- for clarity and to save time

Q. - Rib section-Method of not showing the ribs section lined eliminates the
impression of solidity

R. Symmetry--Having the same shape and size on opposite sides of a center

line
¢

v

- € btitles--Labeling with capital letters the sectional view which has a
removed section . ' Y

It T;pes of sectional views

A. Full section (Trans;.;arency ‘1) . v

B. Half section (Transparency 2)

C. Offset section (TranSparen;:y 3)

D. Broken-out section (Transpareﬁc.'y 4)

E. Removed section { Transparency 5) /

F. Revolved section (Trafsparency 6)

G. Aligned section (Transparencies 7.a\r]d 8) \—

’

H. Rib section (Transparency 9)

)

» I.  Assembly section (Trar'15parency 10).

li. Material symbcls in section {Transparency 11)

‘ . stiron. 7 : j’
A. Ca 5//4 . .

(NOTE: Where only one material is used ory drawing, cast iron symbol is
. used and material noted in notes.) 2

. B. Steel ' 7 é

ERIC - 501




C. Brass, bronze, or copper

- INFORMATION SHEETJ

-

D. Zinc, lead, and allovs

E. ‘lsh.agnesium,'aluminum,andéllovs y//é . :

S N v

Types of sections.and their uses ! - . ‘

\

A. Half sectiog-- To show both, interior and exterior features of a symme
trical object \

B. Revolved section-To show tllue true shape of the cross sectlon of a long
object such as a bar, spoke rnb; or arm

C. (Qffset section--To show features that are notin a stranght line
D. Broken out sectlon To show mtenor detail of objects where less than
haif section is required

E. Removed section--Used for clearness and for easier dimensioning

F. - Fuil sectio'i--Replaces an exténor view m order to show some interiqr

details i -

B. Aligned section--Used when trUe projectnon would be confusing for spokes,

ribs, and holes \
1 \ LS
Line thickness used in sectional grawings =
THIN
A. ¥ . ‘re, thin-
< THICK ‘
B. Short break line, thick-- AN\N\/\N\/\/\/\
; THIN .
C. Long break line, thin--
D. Cutting plane line, thick-- : _T"'ix PRI I

-



584 .
P N .
v ~ INFORMATION SHEET
E ' . ) THICK
€. Visible line, thick--
. THIN
F. . Hidden line, thin-- - m o - - - - —
b THIN . )
G. Center line, thin-- —

Vi Forms of cutting plane lines

S

Most commonly used form--

o T Ty
o C..'et-—\— -—L‘)

VIl General rules in sectioning
™~

.

. A. Hidden lines behind the cuttin%)xlane should be omitted unless needed
- (Transparencies 2 and 14) . . . )

B. Sections which are too thin for effective section lining are shown sblid
(Transparency 17)

C. Large surfaces are often sectioned only along the edge of the part (Trans
parency 13) :

[

/ . \

SN :
D. If two or more sections appear on the same drawing, the cuttirig plane
‘ lines are labeled and the view is subtitled (Transparency 5) ’

E. Sectlon lines are thin parallel lines drawn at 45° to main outline of the view
(Transparencies 11 and 12)

F. In assembly sectional view, the ad)acent parts sectlon lines should be drawn
at a 30°, 45°, or 60° angle to the edge of object (Trarisparency 10)

. G. Section lines are uniformly spaced from approximate .06 to .125 (Trans-
parencies 11 and 12)

. : (NOTE: Minimum space of .18 is used for microfilm.)

. : o903
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" INFORMATION SHEET
@ y
, H. Arrowheads at the ends of the cutting plane line indicate the direction in
‘. which the section is viewed (Transparency 1)
,‘ I.  Where two or more thin sections are shown, a space should be left be-
tween them : -
(NOTE: For microfilm process see Transparency 17.)
~ J. When the cutting plane offsets, a line is not shown in the sectioned view to, .
present the offset (Transpareney 3) -
K. Whe~ objects have one major center line, the cutting plane line may be
omittd (Transparency 14)
L. Except for revolved sections, section views should be projected in the
normal orthographic view (Transparencies 1, 2, 3, 4, 5, 9, and 10)
M. When dimensions on sectioned areas are unavoidable, the section lining
should be omitted for the numerals or lettering (Transparency 12)
fv. A center line or a visible line may be used to divide the sectioned half from
‘ the unsectioned half (Transparency 2)
0. .Hidden lines may be added to unsectioned'half for dimensioning (Trans-
parency 2)
P. © Visible lines behind cutting plane line should not be o'mittﬂd {Transparency
13)
VIIl.  Types of conventional breaks
. ' A. Round bar
¢
B. Rectangular solid
2
. ~<Lﬁ-
. i C. Long break ) 3 .




Xl

Xil.

D.

E.

INFORMATION SHEET )

Round tubular

Rectangular tubular

e

(NOTE: Some companies remove cross hatching from conventional breaks.)

Common errors in making section lines (Transparency 19)

A

B.

C.
D.

Irregular spacing
Varying line weight
Lines too thick

Lines short or over run visible lines

Use of unlined sections (Transparencies 10, 13, and 17)

A

B.

Thin parts are made solid

Shafts, bolts, nuts, pins, keys, rivets, gear teeth, and similar parts should not
be sectioned if axis lies in cutting plane

Broken-out section of shaft may be made to indicate ciearness of key,
keyseat, and pin

Methods used to aid equal spacing of section lining

© A
B.

C.
D.

Visual spacing

Line guide

(NOTE: Scribed line on triangle may be used.)
Trace lines from a grid sheet

Measure with scale

Labeling sectional views (Transparency 5)

A.

More than one removed section view should be labeled with letters corre-
sponding to the ends of the cutting plane line

ou35
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INFORMATION SHEET

Sectional views should be arranged in alphabetical order from left to right on
the drawing .
Section letters should be used in alphabetical order

Letters "1", "O", and "Q" should not be used

S06
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Edge View of Cutting Plane

Cutting Plane
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Section
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F00 M ' : 508

.
]

|

t

’ e8s-ilg
.

.



- -
"t ]
‘ | i ‘ . .
.
-

Half Section

Cutting Plane

Remove One Quarter

Edge View of =
Cutting Plane
T
: . Center Line or Visible Line
I O
| /7 1 | Hidden Lines Oitted
Q% A1 L T Unless Used for Dimensioning -
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Top View

Front View L

oll

Offset Section
Offset~ /

Removed Portion
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Broken-Out Section

Cutting Plane

Break Line

Broken-Qut Portion

\

Front View with
Broken-Out Section
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Section AA
SectionBB

"Removed Se.ction
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. Broken Around Secticn Section in View
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Aligned Section

Continued |
S |

. _ |

\ 0 V77 .

/[J\ TRUE PROJECTION
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PREFERRED
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Rib Section

Offset
The Cut (
Surfaces
Cutting Plane and
Front Part Removed
e @}r
\N
_ ~
Omit Hidden Line Do Not project .offset but shovy
- as though a continuous full section.
' L~
|
S | o o
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Assembly Section

Key Broken Section

Set Screw
Revolved Section
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- Material Symbols in Section
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Comect

' Incorrect Incorrect
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o Materials in Section

/‘& Part A

>1.30

Part B

Part C

?
\250
\

Adjacent Parts -

W

-
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Visible Lines

\ Visible Lines Omitted

7 | INCORRECT

CORRECT
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Hidden Lines

Cutting Plane Line . ,
: Hidden Lines
May be 0"‘% Not Shown

Hidden Lines

GOOD

NOT GOOD

0911 a
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® Hidden and Symmetry
Line Apphcation

Symmetry Line

‘ Hidden Lines Omitted unless
Used for Dimensioning

Enlarged Details

™ 16
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Structural Shapes

YL

L
{ %

Gasket
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Errors in Making Section Lines

7
A,
.
Uneven Spacing //

/|

/

‘Uneven Line Weight

V4

N

. Lines Too Thick %/x |
///

/

Overrun Lines %54

@
T
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-J
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" SECTIONAL VIEWS
UNIT Vi

ASSIGNMENT SHEET #1--CONSTRUCT VARIOUS MATERIAL
SYMBOLS IN SECTION

Premise: The quality of*8ny drawing reproduction depends on the quality of line work.
Open space between two adjacent parallel lines shouid be thin, dark, and consistent. Light
saction lines tend to "fade out." A minimum of section lining is sufficient to clarify a
sectional view. |

Difoctions: Duplicate the given symbols for materials in section in the spaces provided
below. Label under each space in 1/8" letters the name of the material.

Brass-Bronze-Copper

Aluminum-Magnesium Zinc- Lead-Babbitt
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SECTIONAL VIEWS

‘ UNIT VI

| ASSIGNMENT SHEET #2--CONSTRUCT A FULL SECTION <«
| OF AN OBJECT .

i
|

/

& Premise: A full section view of an object can be constructed by using the procedure in
the foliowing example.

Example:

1. Imagine cutting an object all
the way across'with a hacksaw

2. Think of the saw cut as an
imaginary cutting plane Cutting Plane -

TOP VIEW ( | ~ I

3. With the front half removed, 7/
visualize what the front view #
would lqok like 'V
. FRONT VIEW
‘ {(NOTE: This is a full section.)
D1l




ASSIGNMENT SHEET #2

4. On a drawing you would show
the complete top view and its
cutting plane line; the area
actually cut by the hacksaw
would be represented with
section lines

§. On an actual drawing, the two views would be drawn lightly
: as in orthographic projection with hidden lines, etc; then the
drafter would visualize the internal features of the object and
draw that view in section omitting hidden lines

Hidden lines show
interior poorly.

- R gy
—L--T—_
s -1
. —
e v > o -
— + e —
PO
pr o - =
~ -+ — — -
R

Cutting Plane

\

/

Section " Lines .

Cutting Plane Line

W S|
4

|

(g |
~a
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ASSIGNMENT SHEET #2

- Direciions: Change the front views of objects below to full section views.

Problem A: . Problem B:

V PULLEY

Problem C: . -




+

ASSIGNMENT SHEET #2 v

Directions: Complete the right side viéws of the following proble‘ms to full section views.

Problem D:
' v n \
5K
- 4L -
o 1
/ | i .
1 1
’
A Y
Problem E: ;
i !
Hl J |
I
| ! |
|

pre—

=i

2\\ =
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SECTIONAL VIEWS
UNIT VI

ASSIGNMENT SHEET #3--CONSTRUCT A HALF
SECTION OF AN OBJECT

Premise: A half section view of an object can be constructed by using the procedure in
the foilowing example. ‘

Example: .

1. Think of an imaginary plane
cutting halfway through an
object

L)

_ Cuttjng Plane A

2. Remove that section and
assume a line of sight looking
into the area cut by the plane

~

Remove One Quarter -—-AK

Center Line or
3. Construct top view with a Visible Line
cutting plane line that passes ' T
halfway through the object: 4 !
project lines to frontviewand  cdg9e View of_ 1Y -
determine areas to be CuttngPlane’f 4 74 ] i
sectioned 4 i LAl

(&
“a
sha

~




ASSIGNMENT SHEET #3

Directions: Construct section lines in the part of the view behind the cutting plane line.

Problem A:

pee - - -

BUSHING

Problem B: f Problem C:

b - —
B
-

Ll |

SHAFT SUPPORT

BRACKET BASE



Directions: Complete top views for the following problems to half sections.

Problem D: lT}U LT--—-l-
111 ]
.*.l | p—r

Problem E:

ASSIGNMENT SHEET #3

l

——
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ISP, Sy S




D1l -637

\ SECTIONAL VIEWS
‘ UNIT VIl

ASSIGNMENT SHEET #4--CONSTRUCT AN OFFSET
SECTION OF AN OBJECT

Premise: An offset section of an object can be constructed by using the procedure in the
following example.

Example:

1. Decide which features about
this object are not in a com-
mon line but should be shown ]
in section '

Offset Cutting Plane

2. Remove the portion in front
and look into the object

Removed Portion

i
~a
-1
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ASSIGNMENT SHEET #4

3. A drawing of the top view
would show the offset of the
cutting plane; the front sec-
tion view would show the
object as if the slot and
holes were all on the same
center line

(NOTE' The offsets in the  Offset Not Shown
cutting plane are not shown

-
with a line in the front sec- —~ | } |
tion ) ’ % ! Y

' 1 ]

Directions: Construct the front view 1n section.

Prablem A

R RS
i I
1 1
t A— 11
\
e =g

b e

P-'—-‘
s

e
(g §
~a
c




ASSIGNMENT SHEET #4

Directions: Complete the front views to offset sections for the following problems.

Problem B:

A

L L

Problem C:

F— Tt
"l' 't'
[ I O I

T 1 1

04y
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ASSIGNMENT SHEET #4

Directions: Construct the cutting plane in top view and complete the front view to an
offset section,

Problem D:

T |
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} ’ SECTIONAL VIEWS
k UNIT VII

ASSIGNMENT SHEET #5--CONSTRUCT A BROKEN-OUT
SECTION OF AN OBJECT

Premise: A broken-out section needs to be used only when a portion of the whole’ object
needs to be sectioned. A broken-out section of an object can be constructed by using
the procedure in the following example.

Example: 3¢
1. Pass an . imaginary cutting

plane through the area to be
sectioned /—-C

(NOTE: Cutting plane line is
not shown on drawing.)

Broken-Out Portion

2 Remove the portion by breaking
it off and wvisually lifting 1t out .
of position




*e
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ASSIGNMENT SHEET #5

3. On a drawing, the area cut by
the plane would appear in
section and the broken area
would be represented with a
short break line; draw the top
and front view lightly, then
remove the portion that needs
to be sectioned

Broken-Out Section

Break Line

b - od = -
e =

Directions: Construct broken-out sections in front view for the following probiems.

Problem A: Bronze material . ‘

o |
<n
o
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ASSIGNMENT SHEET #5

Problem B: Cast iron material

1 1
| |
| R,
RE=nt
I ~
— -l
| , il .
1§ T
4 ' ' ©
] 1

(9] |
X
G




ASSIGNMENT SHEET #5

Directions: Construct a broken-out section of the view below.

Problem C: Material as described by instructor

Directions: Construct a broken-out section in right side view.

Problem D: Material as described by instructor
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SECTIONAL VIEWS
UNIT VI

ASSIGNMENT SHEET #6-~CONS'I;RUCT A REMOVED
SECTION OF AN OBJECT

Premise: A removed section is used to illustrate an area separatg from its view by passing an
imaginary plane through an area and then drawing it in section and labeling it to correspond
to its cutting plane. Removed sections are often used when several sections are taken
through one view of an object. A removed section of an object can be constructed by using
the procedure in the following example.

Example: P
. ey’
1. Determine *-e area to ,be

sectioned ana pass a cuttidg
plane line through it

(NOTE: Label the cutting /
plane lines A-A, B-B, -etc.)
3,
4
; A
i A ’
\ 2. Construct the sections indi-
cated by the cutting plane’
lines on any area of the
drawing where space is avail-
able but keep axis of section ]// : /
the same as the view it was / g
taken from, if possible - / / .
/] A .

SECTION AA SECTION BB

i




ASSIGNMENT SHEET #6
¥

Directions: Pictured below are two views of an object with a series of sections cut through
it. Pictured beside it are three of its sections. Complete the other two sections D-D and © E.
Type of material will be assigneq by instructor.

Problem A: T
|
l)\
-
-
i-\\; \\\\ y
| — =
-
’.? l . \\s\- \3-1 4'
” 7 -~
| ~,
L
|
"—le
' [ {
| I
] | 1
' |
H H
\ 1 1
PP

.

2/ N '

NN

SECTION BB . SECTION CcC

SECTION AA

SECTION DD SECTION EE

g

iy |
G |
C\
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’ N
Directions: Construct the removed sections indicated by cutting plane lines for the follow-
ing problems. Type of material will be assigned by instructor. -

Problem B:
©
. + - 4' .
1]
- +
-
frnd 4
[
) l _
| |
| [ '
|- |
| | I y N
|
| LN i
[} [}
1 ! L1 !
T
Problem C:
.
T l - 7 y
| | ! . L T |
g R -
I ~ . 5 ., |
| | | |
1 . - ——
—-— &
. S




' SECTIONAL VIEWS
‘ ’ UNIT Vii

A ASSIGNMENT SHEET #7-CONSTRUCT A REVOLVED
SECTION OF AN OBJECT

}; , D Il - 649
|
|
|
P
f

i

. ! . . . .
Premise: A revolved section 1s used to jllustrate an area of an object without drawing a
separate view. A revolved section of an object can be constructed by using the proce-
dure :.; the ‘ollowing example.

1. Pass an imaginary plane

|

|

|

|

\ Example:
[ through the area
|

2. Indicate cutting plane line and =
rotate plane in front wview ¢

The s-ction can be shown in o,
one o’ two ways (a) drawn in
context, cr ‘b) object broken

away from section

(%)

T

i




ASSIGNMENT SHEET #7

Directions: Construct a section view in the area indicated for the offset bracket and the
extension mount

Probiem A:
) RIS G K -
Section Here ' N /
\ -+ f -+ J'
‘ ._.)-—4\‘—4-—{-— (———<
Ll
~ L
[ !
b
o
!
k) L rl \‘(
! | | l
! \ ' "
T | \ |
) : \ T
| ]
lL A 1

OFFSET BRACKET

Problem B:

Section Here

")

el

- -n
—_— e bl

1
|

e
1—4—*—-

EXTENSION MOUNT ;
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{ SECTIONAL VIEWS
: ‘ UNIT VI

ASSIGNMENT SHEET #8--CONSTRUCT A RIB
SECTION OF AN OBJECT

Premise: A rib section of an object can be constructed by using the procedure in the follow-

ing example.
Example:
Offset
1. When sectioning an area that
has a rib or spoke, the cutting
plane line offsets in front of
the rib
2 Remove front portion and
look into the object
O

Cut Surfaces

3. Show cutting plane as
lustrated in top view;
section front view as
shown omitting section

\
2

C

hnes on rib
) J
A L]
\
g A

Omit Hidden Line

|
()
s



ASSIGNMENT SHEET #8

Directions: Construct the right side view with rib sectioned properly for the following
problems.

Problem A:

-y-————r——

Problem B:

J

e = = o
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| SECTIONAL VIEWS
UNIT VI

ASSIGNMENT SHEET #9--CONSTRUCT AN ALIGNED SECTION OF
AN OBJECT WITH HOLES, RIBS, OR SPOKES

Premise: When the offset is in line with the rest of the object, there is no problem in section-
ing. However, when the offsets are not in line, a true projection would be misleading. An
aligned section of an object with holes, ribs, or spokes can be constructed by using the
procedure in the following example.

Example:

1. Introduce cutting plane line

/ .
2. Rotate cutting plane to horizontal /
axis : / T
; _/

3. Draw in sections as if they were all ! 'B
on horizontal cutting plane ] ’

I\)‘ =

ERIC ( S
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, ASSIGNMENT SHEET #9

Directions: Construct front views as aligned sections for the foliowinyg problems,

Problem A: Problem B:

—
i
oo
i | |
.' ! .
I | !
L - : | |
)
i - | | —
H N NERE
i | | i [
I |
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' ASSIGNMENT SHEET #9

Directions: Construct the right side into aligned section for the following problems.

|
i
\
|
L9
. Problem C:

k-
1 _.:_-.»

i Problem D: -

)

sl

w
.- -
N
i
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SECTIONAL VIEWS
UNIT VIl

ASSIGNMENT SHEET #10--CONSTRUCT ADJACENT PARTS
IN ASSEMBLY SECTION

Premise: Adjacent parts in assembly section can be constructed by using the procedure

in the following example.

as°
Example: : ’ }
1. Section lines are constructed // //

at an angle of 45° to the main
outline of the object ////
A
PV I4

2. On adjacent parts, section

7 7 \
lines should be 45° in the / \
opposite direction ‘ / y, \
452 / \ 450
: ' 1/ N N
— A NN
3. For more than two parts ‘ /$5°
adjacent to each other, section )
lines should be drawn at an @ y, A
angle of 30° or 60° / / 60°

{NOTE: Section lines should

& Z
C e g ot \\\Zg\\\

CAST IRON
BRONZE

4, Different materials can be
used to represent different
parts in section

STEEL




. ASSIGNMENT SHEET #10

oA

Directions: Complete this sssembly as a section using the proper symbois.

Problem A:
c.l.
/ THRU HOLE
T STEEL
\\ . |
/
M//
e T T - [
i . Directions: Complete front-view as a sectipn using the symbols indicated.
Problem B
PIN, S TEEL
L} .
(W 1 4
FLANGE,BRONZE
\ | T
b ' i
T T Y11 1 1T
e
"‘ ' T Vl ' ¥
o l“ L l J'
T | 1
! |
| |

e e | -

ol A

« Oub
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SECTIONAL VIEWS
UNIT Vi

ASSIGNMENT SHEET #11--CONSTRUCT CONVENTIONAL BREAKS

Prernise: In constructing a long bar or tubing with uniform cross section, it is usually not
necessary to construct its full length. A break is made, sectioned, and the true length of the
object is indicated by a dimension. The conventional breaks for cylindrical bars and tubing
are known as "S" breaks and may_bé constructed with templates or free hand. The pro-

cedure in the following example is for the use of templates.

Example;

1. Use given rectangular view for

bar or tube

2. Lay off fractional radius

widths on end to be sectioned

[
- 3R FOR CYLINORICAL
3
—3 BAR
R

e g R FOR TUBING

B o

3. Using ellipse template or
irreguiar curve, construct "S"
breaks

(NOTE: Construct "S" break

o7 ELLIPSE TEMPLATE

R
IRREGOLAR CURVE

free hand on small diameter
bar or tubing.)

FRECHAND 'S’ BREAK
ON SMALL TUBING
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. SECTIONED
4. Add section lining to visible
sectioned part
naw . - Y
(NOTE: When "S" break is
shown with stock continuing
on both sides of break, the
sectioned faces are diagonally < DIAGONAL OPPOSITE
opposite.)
5. Short or long break symbols
are used on rectangular solids
Directions: Construct conventional breaks in the parts below.
Problem A: Cylindrnical - Cast tron Probtem B- Rectangular - Steel
Problem C. Tubular - Brass ¢
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' SECTIONAL VIEWS
' UNIT Vil

ASSIGNMENT SHEET #12--CONSTRUCT AN ASSEMBLY SECTI‘ON

Premise: Shafts, bolts, nuts, rods, rivets, keys, pins, and similar parts are not sectioned if the
axis lies in the cutting plane. A broken-out section may be used to clarify the key and
keyseat. !

* /
Directions: Complete a full section of the following coupling assembly using proper materia
symbols.

)

STEEL

M STEEL

CAST IRON
\ H—— -/ /-CAST IRON
"l

L/T I s
N — - I steel
- STEEL | _*,D\_
- STEEL

oJ

at




Assignment Sheet #2

SECTIONAL VIEWS

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1--Evaluated to the satisfaction of the instructor

2

NN

<
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1\
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Assignment Sheet #3

A. .

-
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Assignroent Sheet #4
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_ Assignment Sheet #5
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Assignment Shegt #6

A

AN

ve /A,
7
v/
SECT D-D SEC
/] 7
/B
/] i /
/]
4 ¢
6 %
SECTION A-A

]
W

AR

l

B
_ |
SECTION B-B

m

[
m




ot

. Assignment Sheet #6
1

) dwh

SECTION A-A  SECT B-B
4

(/A
SECT C-C

. Assignment Sheet #7--Evaluated to the satisfaction of the instructor

Assignment Sheet #8

A . B.

"\

/L

N
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Assignment Sheet #9

N
— — ——

N

m

~+ -

-
| P




Assignment Sheet #10
A. B.

[/

R
S
7/

. Assignment Sheet #11--Evaluated to the satisfaction of the instructor

Assignment Sheet #12--Evaluated to the satisfaction of the instructor

DI




Match the terms on the right with their correct definitions.

e.

SECTIONAL VIEWS
UNIT VII

NAME

TEST ..
!

The imaginary cutting away from front
viewing portion of the object to show the
interior detail

The cutting plane passes completely through
an object and the cross section behind the
cutting plane line is exposed to view

A line symbol’ that is drawn on exposed~
cut surface; somet&mes called cross hatching

. Symbolic section lining used for indica-

tion of various materials

An imaginary plane used to cut through
an object

The cutting p]anes are passed at right angles !

to each other along the center lines and
one-fourth of object is removed

Has a cutting pfane line to pick up fea-
tures that are not along a common cutting
plane

An area broken out of a view that shows
only a portion of that view in section

A revolved section drawn off the principal
view and placed in another convenient loca-
tion

A cutting plane line is passed through an
area and then the image is revolved 90° in
position

Used to align features such as spokes, holes,
and ribs along a common plane so that they
can be detailed more easily

Materials too thin for section lining are
shown solid '

b

o o

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.

DIl
'S
Section lining
Offset section” '
Cutting plane ¢

Thin section
Aligned section

Su bt/itles

Sectional view
Symmetry
Broken-out section
Ffemoved sect?on
Rib section

Full section
Revolved section
Unlined section
Half section
Outline sectioning
Assembly section

Conventional break

Section symbols
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m. Used for clarity in sections of assembly .
drawings of standard parts where the axis

o of the part hies in the cutting plane
_ n. Used in making a shortened view of a long
simple object
o. Shdvs all parts of an object as one unit
and drawn using section lining to make the
individual parts stand out
p. Section lines are shown along the borders
of a large part for clanity and to save time
_ q. Method of not showing the ribs section .
lined eliminates the impressi’(,m of solidity
'\ r. ,Having the same shape and size on opposite
C) sides of-a center line
s s. Labeling with capital letters the sectional

view which has a removed section

2. ldentify types of sectional views.

e |
72 7191
aY) | o
c d
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ERI!

Aruitoxt provided by Eic:

14N
» - . ’

Select the most commonly used form of cutting plane lines by placing an "X" in
the appropriate blank.

BN e ol

s )
T ca B

Select true statements concerning general ruies In sectioning by placing an " X" in the
appropriate blanks.

_a. Hidden lines behind the cutting plane should be omitted unless néeded

b Sections whict are too thin for effective sectiun hining are shown as broken
lines o

d If two or more sections appear on the same drawina, labeling Is not necessary

e Section lines are thick wavy lines drawn vertical to main outline of the view

___ _f\ Secypn lines are uniformly spaced 1" apart

hLY

g Where two or more thin sections are shown, a space should be left hetween
them

h When the cutting plane offsets, a line is always shown in the sectioned
view to present the offset

¥ When objects have one major center line, the cutting plane line may be
omitted .

i A center line or a visible ine may not be used to dwide the sectioned half
from the unsectioned half

k Hidden hines cannot be added to unsectioned half for dimensioning

I.  Visible tines behind cutting plane line should not be omitted

tdentify types of conventional breaks




3. Identify material symbols in sectiog.

IR AAAANANZN
RSN
$,0.0,0,.06.0.0
DOOOOOOK
0202054 % % %%
A’A’A’A’. A"’c

c. i d.

4. Match types of sections on the right with their correct uses.

a. To show both interior and exterior fea- 1. Revolved section
tures of a symmetrical object ;

Broken-out secfion
b. To show the true shape of the cross sec-
tion of a long object such as a bar, spoke,
rib, or arm :

' Half section

Aligned section
. ¢. To show features that are not in a straight

line Offset section

o o & W N

d. To show interior detail of objects where
less than half section is required

Removed section
7. Full section
e. Used for clearness and for easier dimen:
* sioning

f. Replaces an exterior view in order to show
- some interior details A

g. Used when true projectiongwould be con-
fusing for spokes, ribs, and hgjes

5. Identify line thickness used in sectiongl drawings.

|

WV\NNANANN\NN\NANNANANY




| ’ 3. Identify material symbols in section.
% P L/
B % , /)
a b. o
7)) 7 K AR AR
0 RO
7/7/7 DOOOOOC]
(/7 /7 /7 ' 2070 0% e %%
2707 / "A’A’A’A‘A’A’l
c. d.
4. Match types of sections on the right with their correct uses.
. a. To show both interior and exterior fea- 1. Revolved section

tures of a symmetrical object
2. Broken-out section

@ - __b. To show the true shape of the cross sec-
tion of a long object such as a bar, spoke, 3. Half section
, rib, or arm
* ' . 4, Aligned section
‘c. To show features that are not in a straight
, line 5. Offset section
/. ' d: To show interior detail of objects where 6. Removed section

less than half section is required

7. Full section
e. Used for clearness and for easier dimen-

sioning

f. Replaces an exterior view in order to show
some interior details

g. Used when true projection would be con-
fusing for spokes, ribs, and holes

5. Identify line thickness used in sectional drawings.

NN \N\NANNNAVY

(A
(o
Qo
o

A



10.

o

12.

13.

c. d.

List three common errors in making section lines.

b.

C.

Select true statements concerning use of unlined sections by placing an "X" in the
appropriate blanks.

a. Thin parts are made solid

b. Shafts, bolts, nuts, pins, keys, rivets, gear teeth, and similar parts should
always be sectioned if axis lies in cutting plare

c. Broken-out section of shaft may be made to indicate clearness of key,
keyseat, and pin

List three methods used to aid equal spacing of section lining.

b.

C.

Select true statements concerning labeling sectional views by placing an "X" in the
appropriate blanks.

a. More than one removed section view should be labeled with letters corre-
sponding to the ends of the cutting plane line

b. Sectional views should be arranged in alphabetical order from right to
left on the drawing

c. Sectiotr letters should be used in alphabetical order

d. Letters "B", "C", and "X" should not be used

Demonstrate the ability to:
a. Construct various material symbols in section.

b. Construct a full section of an object.

oy
(c
Ct



c Construct a half section of an dbject.

d  Construct an offset section of an object.

e.  Construct a broken-out section of an object.

{ Construct a removed section of an object.

B Construct a revolved section of an object.

h  Construct a rib sectior; of an object.

I Construct an aligned section of an object with holes, ribs, or spokes.
! Construct adjacent parts in assembly section.

k  Construct conventional breaks.

l. Construct an assembly section.

(NOTE: If these activities have not been accomphished prior to the test, ask
vour instructor when they should be completed.)

14 Construct various sectional vews.
a Complete front view as a full section.

iy Complete right side as a half section

i

Crrw

' ~
Q 'JU\)
O

ERIC

Aruitoxt provided by Eic:



‘ c. Complete front view as an offset section

o
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SECTIONAL VIEWS

UNIT VIl
ANSWERS TO TEST
7 ji. 13 s. 6
12 k. 5
1 . 4
19 “ m 14
3 n 18
15 o. 17
2 p. 16
9 q 1
10 r. 8
Half section
Offset section
Removed section
Aligned section
Cast iron
Steel

Brass, bronze, or copper
Zinc, lead, and alloys

HNOONOY =W

Section line, thin
Short break line, thick
Long break line, thin
Hidden line, thin

Ol



7. a,c¢9i,l
8. a. Roundbar
b. Rectangular solid
c. Long break
d. Round tubulsr
9. Any three of the following:
a. Irregular spacing
b. Varying line weight
¢. Lines too thick
d. Lines short or over run visible lines
10. a,c
11. Any three of the following:
a. Visual spacing
b. Line guide
c. Trace lines from a grid sheet
d. Measure with scale
12. a, ¢
13. Evaluated to the satisfaction of the instructor
14. a. 7, b
- 11
-]
‘ %
c.
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INKING TOOLS AND TECHNIQUES
UNIT VI

UNIT OBJECTIVE

After completion of this unit, the student should be able to select types of inks, their
quality requirements, properties, and performance and types of pen points. The student
should also be able to draw And erase ink lines on various media and clean, fill, and refill
various types of pens. This knowiedge will be evidenced by correctly performing the proce-
dures outlined in the assignment and job sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1.

2.

10.

1.
12.
13.

Match terms related to inking tools and techniques with their correct definitions.

Select types of drawing inks.
Select quality requirements of gaod drawing ink.

Select true statements concerning the properties and performance of drawing
inks. .

List three types of pen points.

Select true statements concerning the ways to properly use and care for technical
pens.

Complete statements concerning procedures for matching microfilmed drawings.

List ways to properly use technical pens with programmed automated digital
plotters.

Select true statements concerning precautions when using ink on vellum or
tracing cloth.

Select true statements concerning characteristics of polyester film and procedures
for using ink on polyester film.

Sele;t factors that contribute 10 making a line heavier with a ruling pen.

Select factors that contribute to making a line thinner with a ruling pen.

Discuss useful tips for wprking with ink.

Complete a chart of the alphabet of ink lines.

‘ 299



15. Demonstrate the ability to:

b.

Draw and erase ink lines on vellum or tracing cloth.
Draw and erase ink lines on polyester film.
Complete steps in inking a drawing or a tracing.
Fill clean technical and pocket model pens.

Refill a technical pen.

Clean tedhnical and pocket model pens using the standard cleaning method.

Clean a technical pen with an ultrasonic cleaner.




Vil.

VIIL.
IX.

INKING TOOLS AND TECHNIQUES
UNIT Vil

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information, assignment, and job sheets.
Make transparencies.

Discuss unit and specific objectives.

Discuss information and sssignment sheets.

Demonstrate and discuss the procedures outlined in the job sheets.

Demonstrate the use of and the advantages and dfsadvantages of the electric
eraser and the ultrasonic pen cleaner.

Complete Job Sheet #1 before starting assignment sheets.

Give test.
INSTRUCTIONAL MATERIALS

Included in this unit:
A. Obijective sheet

. B. Information sheet -

C. Transparency masters
1. TM 1-Technical Pen Parts -
T™ 2-Pen Point
TM 3-Manual Lettering Device
TM 4-Calligraphic Lettering and Ruling Pens
TM 5~ Visible, Hidden, Center, and Symmetry Lines
TM 6-Section, Extension, Dimension, and Leader Lines B
TM 7-Cutting Plane, Short Break, and Long Break Lines
TM 8-Phantom, Stitch, Chain, and Border Lines
TM 9--Line Applications

©® ® N O O & W N



D. Assignment sheets ~
1. A'ssignment Sheet #1--Draw and Erase Ink Lines on Vellum or Tracing
’ Cloth .
S -
2. Assignment Sheet #2-Draw and Erase Ink Lines on Polyester Film
3. Assignment Sheet #3--Complete Steps in Inking a Drawing or a Tracing
E. Job sheets
1. Job Sheet #1-Fill Clean Technical and Pocket Model Pens
2. Job Sheet #2--Refill a Technical Pen
3. Job Sheet #3--Clean Technical and Pocket Model Pens Using the Stan-
dard Cleaning Method
4. Job Sheet #4--Clean a Technical Pen With an Ultrasonic Cleaner
F. Test
G. Answers to test
References:
A. Brown, Walter C. Drafting for Industry. South Holland, IL 60473:
Goodheart-Willcox Co., Inc., 1974. '
B. Dygdon, John Thomas and Henry Cecil Spencer. Basic Technical Drawing.
New York 10022: Macmillan Publishing Co., Inc., 1968. -
C. Giesecke, Frederick E., et al. Technical Drawing. New York 10022: Macmil-
lan Publishing Co., Inc., 1980.
D. Jensen, Cecil and Jay Helsel. Engineering Drawing and Ddsign. New York:
Gregg Division/McGraw-Hill Book Co., 1979.
E. Spence, William P. Drafting Technology and Practice. Peoria, IL 61615:
Chas. A. Bennett Co., Inc., 1973.
F. Spence, William P. and Michsel B. Atkins. Technical Drafting Metric Design
and Cammunicatio?r.' Peoria, IL 61615: Chas A Bennett Co., inc., 1980.
G. Koh-I-Noor. Rapidraw Learning Program Workbook. Bfoomsbury, NJ:
. Koh-I-Noor Rapidograph, Inc. )
H. The Koh-/-Noor Rapidraw System. Bloomsbury, NJ: Koh-I-Noor Rapido-

graph, Inc. o

American National Standards Institute. Line Conventions and Lettering.
New York: The American Society of Mechanical Engineers, 1979.
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INKING TOOLS AND TECHNIQUES
. UNIT VI

INFORMATION SHEET

L 4

R Terms and definitions
A. Opaque--Does not allow light to pass through

B. Transparent--Has the property of transmitting or allowmg light to pass
through |,

C. Vellum--Trating paper .which has been treated with a transparentizing
agent which normally consists of waxes, oils, and similar substances

D. Tracing cloth--Fabric that has undergone a transparentizing process and is
sized with a type of starch compound or plastic to provide a good working
surface for pencil or ink

(NOTE: Although tracing cloth is commonly referred to as linen, it is
usually made of muslin.)

E. Polyester drafting film--A tough translucent plastic drafting medium, usually
made by bondmg a matte surface to one or both sides of a clear polyeste

. sheet
(NOTE: Polyester drafting film is dimensionally stable and its size changes
very little as humidity and temperature change; it withstands much erasmg,
ig almost impossible to tear, and is moisture resistant.)
Matte--Lacking or deprived of glog or Iu§tre

G. Ink-A iiquid composed mainly Of carbon in colloidal suspension (latex
or solutions of special shellac) and gum, . »

(NOTE: Fine particles of carbon give ink its deep dark, 'black appearance,
and the gum makes it quick to dry and waterproof.),

H. Technical pen--Usually consists basically of a pen holder, ink cartridge,
a point, and a cap (Transparency 1)

(NOTE: This is sometimes referred to as a technical fountain pen.)
I.  Nib--Pen point '
J. Pen point--Device which consists of a shoulder of metal or plastic in a
cylinder placed in a plastic color-coded point tube with an air channel and
vent hole, a wire-weight, and a wire-weight safety cap (Transparency 2)

(NOTE: Pen point width size may vary with the manufacturer; for example,
Koh-1-Noor 6 x O to 14, Staedtler-Mars 5 x 0 t0 6.)

‘ K. Adhesion--Firm or steady attachment

201



INFORMATION SHEET

B

Compatible--Capable of forming an homogenous (single) mixture that does
not separate o7 alter by chemical interaction with each individual substance
or material

Feathering-Occurs when an ink line spreads in an uneven fashion; usually
due to dnwiQon the wire side of the vellum -

Wire side--Side of the paper that is down when paper goes through a papeh
making machine .

(NOTE: This wire side can usually be determined by the watermark being
backwards.)

Felt side-Side of the paper that is up when paper goes through a paper-
making machine °

° "
(NOTE: The felt side can wsually be determined by being able to read
the watermark properly.)

Watermark--A distinctive mark or design produced by the raised pattern
of the dandy roll on the wet sheet; usually used as a trademark

Dogboning-When ink lines spread out at the beginning and end of a line

Ultrasonic pen cleaner--Device which uses m.ilkns of microscopic bubbles to
clean the ‘point of a technical pen

Ink triangle--A straight-edged three sided device whose total angles equal
180° made of thin, flat plastic, or metal with acute angles of 45’ or angles of
30° and 60° with one or both sides bevelled so that ink will not run under
triangle -

Ink riser--Thin plastic template placed under a template or triangle so that
ink will not run under template or triangle

Compass adapter--A device for technical pens to hold the pen in the proper
position in @ compass (Transparency 2)

Manual lettering device--An instrument consisting of a lettering template,
scriber, anc a tubular pen or a technical pen made for scriber use (Transpar-
ency 3)

Tubular pen--Pen device that fits into a scriber; consists of a pen point and a
cleaning pin (Transparency 3)

.

(NOTE: Tubular pen sizes vary from 4 x 0 to 14 depending on the manu-
facturer.)
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Calligraphic tettering pen--A fast lettering, freehand drawing pen with an ink
reservoir; it is used for calligraphic (beautiful or elegant) handwriting by card
writers, commercial artists, drafters, and letierers (Transparency 4)

(NOTE: The Speedball (registered trademark) lettering pen is a typical
calligraphic lettering pen.)

Ghosting-A smudged area or image on a reproduction copy of a drawing
caused by a damaged surface due to erasing or mishandling of the original

Types of drawing inks

A.

B
o8
D

Washable, opaque
P&manent or waterproof blaok
Tr/ansparent colors

Opaque colors

(NOTE: Acetate-based ink should not be used in a technical pen unless
the pens are specifically made for acetate-based inks or damage to the
pen will result. Acetate-based inks have a tendency to dry out faster and
therefore will clog up the nib faster requiring more frequent cleaning.)

Quality requirements of good drawing ink

A.

B
C.
D

Must be flowing \\

Must be opaque

Must have good adhesion to the media surface

Must be fast-drying .

Must .dry to sufficient hardness to resist chipping and flaking

Must be able to be erased easily at any later date without severe damage to
the media surface

(NOTE: Experimentation is sometime} desirable to determine the choice
of inks, since rdt all are compatible with media surfaces. Check with manu-
facturer for use.)

Properties and performance of drawing inks

(NOTE: The history of China or India ink dates back as far as 25008.C.)

A.

During manufacturing, drawing inks undergo many chemical and physical
tests

o4 |
<
e
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B. Seltd and other impurities can cause the carbon particles to settie out of the
S 7 ink and seriously affect the ink mixture .

C. The solvents in ink will rapidly evaporate and result in thickened ink unless '
the bottie of ink is capped after each use .

D. When usmg drawing materials that are not chemically compatible, the
ink lines tend to flake, chip, feather, and iose sharpness

E. In recent years manufacturers of drawing ink have started using latex as a
binder to replace shellac; this causes the ink to be waterproof after curing
v and produces an oxtnmely dense black ink line

@

F. Ballpoint pens use an offset ink ‘which is pasty and requnres consndenble
pressure to draw a line; it leaves an irregular line and produces poor contrast

G. Ballpoint pens should not be used for hand drawing; however, they are
sometimes used in programmed automated digital plotters when accuracy
is not required

V. Types of pen points
A Stainless steel (for hand use and programmed automated digital plotters)

(NOTE: Stainless steel pen points encased in plastic for hand use are wanl
py able in larger sizes such as Staedtier Mays #6.)

B. Jewel (for hand use and programmed automated digital plotters)

(NOTE: The jewel point can fracture if it is dropped, or if the point should
meet with impact on a hard surface; therefore, do not tap a pen with a jewel
point on the desk top.)

| Y .

C. Tungsten-Carbide (for use with programmed automated digital plotters)
{NOTE: Manufacturers of technical pens and pen points include the féUow-
ing: 1) Koh-i-Noor Raptdognph inc., 2) J.S. Staedtier, Inc., 3) Keuffel
& Esser (0., 4) - - Castell, 5) Reform Reforgraph, 6) Polygnph and

other bnnds wt .. . be available in your location. Check with your
local technical pen uewisr or manufacturer for technical assistance.)

VI.  Ways to properly use and care for technical pens .

A. The proper way 1o hold the technicai pen is vertically, with a very light
touch

‘ 8. While drawing, always puil the technical pen; never push it

C. The air channel aliows air "to enter the ink cartridge in order to repiace the
ink that has been used )
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D. The technical pen should always be capped when not in use {even if not
used for a short perind of time) 2

E. The wire-weight should never be removed during cleaning, eshecially sizes
.30mm #00 or smaller (Transparency 2)

F. When a technical pen is to be stored for an extended period of time, it
should be cleaned well and filled with pen cleaning so.ution

(NOTE: "heck with the manufacturer for recommendation.)

G. Before using a pen that has been stored a long time, flush it with warm
watur, thoroughly dry it, and refill it with ink

Procedures for matching microfilmed drawings .

A when reducing a microfilmed drawing to the next lower size, use a pen
point one size smilller than was used on the original drawing

Example: When a .70 mm (2 1/2) pen has been used on an E size origi-
nal drawing and the reproduction is to be blown back toa D
size drawing, a .50 mm (2) pen should be used

B. When enlarging a microfilm drawing to the next larger size, use a pen point
one size larger than was used on the original drawing

Example: When a .70 mm (2 1/2) pen has been used on a D size origi-
nal drawing and the reproduction is to be blown back to an E
size drawing, a .80 mm (3) pen should be used

Ways to properly use technical pens with programmed automated digital plot-
ters

A. Plotter pen points require instantaneous start-up and shut-off of ink flow

B. Jewel and tungsten points are usually recommended for automatic plot-
ter used on polyester film

C. The wire-weight should never be removed during cleaning, especially in
sizes .30 mm #00 or smaller

D. The average speed for hand drafting is 4 inches per second, but some auto-
mated plotters dfaw as fast as 40 inches per second, and this requires exact-
ing pen performance

Precautions when using ink on vellum or tracing cloth
A
A. Be sure felt side of veiium is up; feathering will result if linework is placed on
the wire side

B. Be sure dull side of tracing cloth is up
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-C. Before putting any linework on vellum or tracing cloth, they should be
cleaned and the cleaning material removed

D. Ink is difficult to remove from vellum or tracing cloth because they are
porous materials, so work with care

E. When linework is erased, it may leave a "ghosting" efféct when repro-
duced, so erase with care

X. Characteristics of polyester film and procedures for using ink on polyester film

A. |f the polyester film is matte on both sides, draw on either side; if it is matte
on only one side, place the matte (dull) side up for drawing

. B. Before putting any linework on polyester film, the film should be wiped
) clean with a moist paper towel
-~
(NOTE: For serious soils, use a liquid film cleaner.)

o C. Ink can be easily removed from polyester film because the ink does not
penetrate ir:to the film )

D. When desired, old ink lines can be removed easily from polyester film

E. Ink lines will flake or chip off the drafting film when some foreign materials
are present between the ink line and the polyester film (Transparency 4) -

F. The matte coating (sometimes called tooth) is applied to polyester film so a
line will adhere securely to the surface

G. For hand drafting, the most common thickness used is 3 mil

XI. Factors that contribute to making a line heavier with a ruling pen (Transparency 4)

A. Moving the pen too slowly

B. Overfilling the pen

C. Dull nibs

D. Leaning the pen toward the paper

E. Soft working surface t

F. Dried ink particles caked on the nibs
X, Factors that contribute to making a line thinner with a ruling pen (Transparency 4)

A. Moving the pen too fast

B. Notenonugh ink in the pen .
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Nibs too sharp

Pen held to nearly vertical

m o O

Hard working surface

m

Clean pen and fresh ink

(NOTE: A clean, freshly-filled pen should be tested on the same media
you will be drawing on, and it should be tested with a straight edge, never
freehand.)

X1, Useful tips for working with ink

A. If an ink triangle is not available, use pennies or arafting tape on one side of
the triangle to raise the triangle off the paper

(NOTE: This can also be done with an irregular curve.)

TRIANGLE

PENNY

4

B. |If an ink riser is not available, place another triangle under the one being
used to prevent ink from flowing under the triangle ~

TRIANGLE

AN

TECHNICAL PEN (ALSO
WORKS WITH RULING  PEN)

out)
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$

C. Periodically check the technical pen for leaking around the tip to prevent
your hands from smearing the drawing; also check the tip for & drop of ink

on the tip

LOOK FOR LEAKS IN THIS AREA
(REFER TO MI)

D. If an ink riser is not available, place the template over a triangle to raise the
template off the paper; the triangle gives good support and adequate clear-
ance to prevent ink from running under template

‘@Jolol L1
0[0]®)

6]
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XIV. Alphabet of ink lines (Transparenciés B, 6,7, and 8)

DI

Recommended

Approximate Pen size and
Name of line Dimension Width in in. number Figure
Visible line Thick .030-.038 .50 mm 2
Hidden line Thin .015-.022 35mm0 ———
Center line
(Symmetry line) | Thin .015-.022 35mmO0 e s o
Section line Thin .015-.022 35mm0
Dimension - . ——2.3
line” Thin .015-.022 35mm0
Extension f—=223
fline Thin .015-.022 .35 mm 0 N
Leader line Thin .015-.022 35mm0 /
Viewing
plane or
Cutting
plane Thick .030-.038 .50 mm 2 —— —
Short break
line Thick .030-.038 B0 mm 2 e
Long break
line Thin .015..022 35mmoO —/—
Phantom
line or
Adjacent .
part line Thin .015-.022 35mm0 —_————
Stitch line Thin .015-.022 3BmMmlb | m- - -
Chain line Thick .030-.038 50 mm 2 — e —
Border line Thick 038+ .80 mm 3 G

(NOTE: Symmetry lines are used in partial views or sectipns and are indicated by two
short, thick parallel lines drawn at right angles to the center line.)
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Technical Pen Parts

Color - Coded Cap

Spring Seal Mechanism __— Pocket Clip

Tubular Drafting Point

| Cvii
Wire Weight Metal Cylinder

Air-Tight Seal
Air-Pulse Ink-Feed System

Color-Coded Point Tul

Safety Cap

Pen Holder ____
(Barrel)

Point K?y

Courtesy of J. S. Staedtler, |



o Pen Point

Safety C
Y

h Wire-Weight

s
: Cleaning Wire

| Air Channel and Vent Hole

ShOU|der Courtesy of Koh-I-Noor Rapidograph, In
. TECHMICAL PEN ATTACHMENT
FOR COMPASS
kY ’ .
Q (SIYB |
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Calligraphic Lettenng
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MATTE
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Visible, Hidden, Center ,
and Symmetry Lines

Types of Lines  Width and Character of Lines Applications

THICK ,
Visible Line , . ——6
APPROXMATE WIDTH 030 - 038
©0.75-0.96 mm)

. :
PEN 2 (.50 mm)
1/32 0.3(0.8mm) V8 .12(32mm)
1 |
THIN !
Hidden Line —jr: --------- ‘_-U:__O,\J I I
APPROXIMATE WDTH O5-022 L1 |

(0.38—-0.55mm) PEN O (35 mm)

LN

3/4 to | I/2 75-1.50
-38mm) J2(3. 2mm) -

Hr‘VlG .06 (|6m'n)

+-+)
APPROXIMATE WIDTH 0I5-022
- (0.38-055 mm) PEN O (35 mm) "

Center Line

Symmetry Line




Di

o Section, Extension,
Dimension, and Leader Lines

Types of Lines Width and Character of Lines Application

Section Line > A\ V)
/] /]
THIN /7 /
APPROXIMATE WIOTH .015-.022 VA é
(0.38 - 0.55mm) l l
PEN O (35 mm)

‘ b THIN
® o .-— 3.50 a-‘
| | APPROX

MMATE WIDTH .015-.022
(0.38- 0.55 mm)

PEN O (35 mm) ‘
Leader {ine

THIN APPROXIMATELY .010
WIDE

(SHOULDER OPTIONAL

Dimension Line APPROXIMATELY 174" LONG)

3.50 —

T T~

~ -
)\,—

Extension Line

s

5 AL
Q - 6 v;
= +
A uiText pr ided by ERIC IR
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\

® Cutting Plane, Short Break ,
| and Long Break Lines -

Types of Lines Width and Character of Lines  Applications

<

Viewing Plane or
"/ Cutting Plane Lines

/8 .12 (3.2 mm) 34 1o 1 1/2 75-1.50

1716 .06 (19-38mm)

(1.6 mm) -
][

-

1 4
THICK — b
" APPROXIMATE WIDTH.030-.038
‘ PEN 2 (50 mm) (0.75- 0.96 mm) —~ : - %?2’,’,
/16 06 (1.6 mm) [ THICK~| ¢4 mrm) %7

APPROXIMATE WIDTH .030-.038

(0.75- 0.96 mm)
PEN 2 (50 mm) -«

Short Break Line FREEHAND }4
: THIK _ { A &
© APPROXIMATE WIOTH .030- 038 [/

(0.75- 0.96 mm)
PEN 2 (50 mm) -

Long Break Line
3M1011/2

B o [75180 FREEHAND/ T '
' (19-38m R .
' &) -
APPROXMATE WIDTH .015-.022 e

(0.38 - 0.55 mm) ) '|
EEN 0 (.35 mm)

‘ 610




. ' Phantom, Stitch,
Chall.andBorder

hnes

34 0 |
75-150
(1I9-38mm)

‘ I8 12 (32 mm)-”—
" Phantom Line _THN

APPROXIMATE WlDTH
018 - 022
(0.38-0.5%5 mm)

PEN O (35mm)

F"I/lG 06 (16 mm

?

Stitch Line I’!!‘j ............................
. APPROXIMATE WIDTH .0I15-022 (0.38-0.59%5)

P

4/64 .016 (0.35mm)

PEN O (35mm)

........

3/4 101 /2
75-150
- .
| (|9-3anm|

- /8 .12(3.2m)—l
Chain Line THICK

APPRO)ghATg’ WIDTH

(075-09¢ + m) | db-116 .06 (f:6mm)

PEN 2 (50m: )

Ve
_ Border Line THICK
\ APPROXIMATE WIDTK .030-.038 ,

(0.75-0.96 mm)
PEN 3 (BOmm)

611




Line Applications

VIEWING PLANE LINE

i
DIMENSION LINE
EXTENSION LINE - CENTER LINE
2 '8,' ——e / /~— HIDDEN LINE
= - 1
e P \ {
- - ’ \ \ \
- -~ -
”~
. \
8 prad [

/- BREAK LINE

'

CUTTING PLANE LINE
VISIBLE LINE

CENTER LINE
(PATH OF MOTION)

LEADER
Q_ COVER
PHANTOM LINE
N SECTION LINE
SECT A-A VIEW B-8B




INKING TOOLS AND TECHNIQUES
UNIT VIl

ASSIGNMENT SHEET #1--DRAW AND ERASE INK LINES
ON VELLUM OR TRACING CLOTH

L}
Premise: Ink lines can be dawn and erased on vellum or tracing cloth by using the proce-
dures in the following examples.

Example A: Drawing on vellum or tracing cloth
1. Use ink and media size detérmined by instructqr
2. Decide which side of media to use
(NOTE: Place felt side of vellum up or dull side of tracing cloth up.)
. Tape media down on drawing table .

. Clean media if necessary

Draw the needed line

(NOTE: A visible line is used in this example.)

VISIBLE LINE

APPROXIMATE WIDTH .030-.038
(0.75-0.96mm)

Pen size .50mm 2
Letter the name of the line above the line in vertical upper case lettering using a
manual lettering device

Letter in below the line the words "Approximate width" and the approximate width
figures in English and metric

€. Letter in the recommended pen size in slant lower case lettering
Example B: Erasing on vellum or tracing cloth
1. r--zk type of eraser to make sure that it is one of the recom’nended types for use
on vellum or tracing cloth
a. Recommended types for manual use

1) Plastic embedded with erasing fluid

(NOTE: These should be stored in air-tight containers.)
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2) Soft, white plastic
3) Soft, white vinyl
4) Soft, pink rubber
(NOTE: Use of this type wili be time consuming.)
5) Soft, green ‘

(NOTE: This type effectively removes dirt without smudging and will not
weaken newly dried ink lines if properly used.)

b. Recommended types for cord or cordless electric erasing machines
1) Soft, white plastic
2) Soft, white vinyl
3) Soft, pink rubber
4) Soft, green
(CAUTION: A grey, abrasive eraser strip should not be used because the
speed of the eraser coupled with heavy hand pressure will tear a hole in the

media surface.)

(NOTE: Because some vellums and tracing cloths are porous, it is wise to
experiment to determine the best eracer for the job.)

2. Erase carefully with an electric eraser or an eraser for manual use

\\
VISIBLE LINE &
APPROXIMATE WIDTH .030-.038
(0.75-0.96mm)
Pen size .50mm 2 . \

(NOTE: In this example only half of the original line drawn in Example A is erased.)
3. Reproduce on blueline print machine to check "ghosting"
DIRECTIONS: Draw and label appropriately the complete alphabet of mk lines. Erase one-

half of the drawn lines and reproduce cn bluciine to check ' ‘ghosting.” Refer to objective
XIV of information sheet for a listing of the alphabet.

L 4

611




INKING TOOLS AND TECHNIQUES
© UNITVII

ASSIGNMENT SHEET #2--DRAW AND ERASE INK LINES ON POLYESTER FILM

Premise: Ink lines can be drawn and erased on polyester film by using the procedure in the
following examples.
/

Example A: Drawing on polyester film
1. Use ink and polyester film size determined by instructor
2. Place matte side of polyester film up
3. Tape film down on drawing table
4. Clean film if necessary
5. Draw the needed line

(NOTE: A visible line is used in this example.)

VISIBLE LINE

APPROXIMATE WIDTH .030-.038
(0.75-0.96 mm)

Pen size .50mm 2

6. Letter the name of the line above the line in vertical upper case lettering using a
manual lettering device

7. Letter in below the line the words " Approximate width" and the approximate width

figures in English and metric - \

8. Letter in the recommended pen size in slant lower case lettering
Example B: Erasing on polyester film ) _
\
1. Check type of eraser to make sure that it is one of the recom\nended types for use on
polyester film

a. Recommended types for manual use
1) Plastic embedded with erasing fluid

(NOTE: These should be stored in air-tight containers to prevent evapora-
tion.)

.

2) Soft, white vinyl

(NOTE: For best results, moisten the tip.)
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3) Soft, white plastic
4) Soft, pink rubber
5) Soft, green

Recommended type for cord or cordless electric erasers--soft, white vinyl

(NOTE: A great deal of caution should be used with electric erasers because
the speed of the eraser and heavy hand pressure produce friction and heat which
may damage the matte surface. Some manufacturers of polyester film do not
recommend the use of an electric eraser.)

(CAUTION: A grey, abrasive eraser strip should never be used because it will
totally damage the matte surface.)

2. Erase carefully with a recommended type of eraser or use erasing fluid
a* First, a small amount of erasing fluid is placed on a sponge
b. Next, a special eraser is dabbed onto the sponge
Then, the eraser is used on the film in the standard fashion
Example: Koh-1-Noor Rapidraw eraser kit

(NOTE: For large areas extra strength erasing fluid can be applied to a soft
paper towel.)

Example: Koh-i-Noor's Koh-1-Lar

VISIBLE LINE

APPROXIMATE WIDTH .030-.038
(0.75-0.96 mm)

Pen size .50mm 2

(NOTE: In this example only half of the original line drawn in Example A is
erased.)

3. Reprpduce on biueline print machine to check “ghosting”

Directions: Draw and label appropriately the complete alphabet of ink lines. Erase one-
half of the drawn lines and reproduce on blueline to check "ghosting." Refer to objective
X1V of information sheet for a listing of the alphabet.




INKING TOOLS AND TECHNIQUES
UNIT Vil

ASSIGNMENT SHEET #3--COMPLETE STEPS IN INKING
A DRAWING OR A TRACING

Premise: A drawing or tracing can be inked by using the procedure in the following exam-
ple.

Example:

1. Ink all arcs and circles first, by centering the ink lines over the pencil lines

INCORRECT

Ink all straight lines, next, doing the horizontal, then the vertical, and !ast the inclined
lines

{NOTE: It is far easier to ;oin straight lines to arcs than to join arcs to straight'lines.)

Ink all extension, dimension, and center lines

(NOTE: Some drafters prefer to ink center lines before making compass center. This
helps to keep ink from running through the holes in the media surface.)

ink in all arrowheads znd lettering
(NOTE: Draw guidelines for lettering directly on the media surface.)
Be PATIENT; aliow ink to dry before inking adjacent lines

If an error is made, wait until it dries; then use an erasing shield to protect line work
near the error

Directions: On media and size determined by the instructor, ink ai! parts of the drawing.
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INKING TOOLS AND TECHNIQUES
. UNIT VIII

JOB SHEET #1--FILL CLEAN TECHNICAL AND POCKET MODEL PENS

I Tools and matetials
‘ A. Clean technical pen
8. Clean pocket model technical per
C. Ink filler bottle
D. Lint-free cloth or tissue
I Procedurs

A. Fill aclean technical pen

1. Remove cap
‘ 2. Gnp clamp ring and
unscrew holder (barrel)

3. Using hght finger pressure,
unscrew and remove clamp
rings

4. Holid pen point upright and pull
off ink cartridge

5. Hold cartridge at a slight tilt while
filling cartridge, then turn cartridge

‘ upright

-

~~
e o

[
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6. Fill cartridge from ink filler bottle to
a line 1/4" from the top, but not
past the 1/4" line

(NOTE: If permanent ink should
spill on clothing, wash area immedi-
ately with soap and cold water.)

7. Keep cartridge upright and reassem-
ble pen

8. Press filled cartridge slowly onto pen
body to prevent residual ink from
entering air channel

9. After assembly, wipe off excess o oen [wipe
ink with a lint-free cloth or tissue
' ' \

10. With cap off, gently shake pen
horizontally several times to
* start ink ftow

(NOTE: Always keep cartridge
more than half full of ink for
proper flow.)

B Fill a clean pocket model
techrical pen

1. Remove cap

- 2. Unscrew and remove filler
knob cap

o 619
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3. Submerge entire pen point into
ink and turn filler knob counter-
clockwise until resistance is felt and
threads are exposed

4. Turn knob clockwise until resis-
tance is felt (NOTE: Pen barrel
is now 3/4 full.)

5. With the point still in the ink,
again turn knob counter-clockwise,
then clockwise to completely fill

barrel
\
6. Wipe off excess ink with lint-free
cloth or tissue PAPER { WIPE
= V4 :
‘ 7. With cap off gently shake pen
horizontally several times to start ink
flow

(NOTE: Always keep barrel more
than half full of ink for proper
flow.)

All 1llustrations for this job sheet
courtesy of Koh-1-Noor Rapidograph, Inc.
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UNIT Vil

JOB SHEET #2--REFILL A TECHNICAL PEN

i Tools and materials
A. Partially filled technical pen
B. ink filier bottie
C. Lintfree cloth or tissue

H. Procedure

A. Grip clamp ring and unscrew
pen holder (barrel)

B. Using light finger pressure,
unscrew and remove clamp
ring

’ C. Hold pen point upright and pull off
ink cartridge

D. Lightly tap the rear portion of the pen
body on absorbent paper to remove
excess ink

E. Hold cartridge at a slight tilt while refil-
‘ *ling, then turn cartridge upright

bel
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F. Fill cartridge from ink filler bottle to a
line 1/4" from the top, but not past the
1/4" fine

. (NOTE: if permanent ink should spill
on clothing, wash area immediately
with soap and cold water.)

s

G. Keep cartridge upright and reassemble

. pen
[} . RESIDUAL INR
H. Press filled cartridge slowly onto pen |
body to prevent residual ink from enter- -~
ing air channel I -

at After assembly, wipe off excess ink
with a lint-free cloth or tissue

!
PAPER | WIPE
o~

J.  With cap off gently shake pen hori-
zontally several times to start ink flow

(NOTE: Always keep cartridge more
than half full of ink for proper flow.)

All 1llastrations for this job sheet v
courtesy of Koh-1-Noor Rapidograph, Inc.

o2
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JOB SHEET #3..CLEAN TECHNICAL AND POCKET MODEL PENS
USING THE STANDARD CLEANING METHOD

o
l!;. Tools and materials
ll A. Technical pen
/ . ‘\ , B Pocket model technical pen
/ . * €. Lintfree cloth or tissue .
/ ' D. Cleaning soiution

. Procedure
/ A.  Clean a technical pen "
!
j' ) 1. Remove ink cartridge

Z , 2. Pour out ink and flush out excess
‘ ink with water i n
® ~
I 3. '

Remove the nib from its holder bd
with a key

(NOTE: Some technical pens have
the key built into the pen holder.)

o)

(CAUTION: Nib disassembly is not
recommended unless absolutely nec-
essary, and a .30 mm #00 nib
or smaller should never be dis-
assembied.)

L o

4. Remove nib safety cap and hold
nib point up to allow the wire-
weight to fall out into hand

) e -

{CAUTION: NEVER PULL a wire-
weight to remove it.)

— 2

5. Carefully clean the wire-weight and
the nib

i

6. Hold nib point down and carefully
drop the wire-weight into the writing

‘ f tube of the nib N




- 8.

9.

10.

1.

12.

13.

JOB SHEET #3

+ 7. <Jiggle the pen carefully to allow

the wire-weight to fall back into
place, but DO NOT FORCE the
wire-weight back into place

Replace nib safety cap

Sosk cartridge and entire nib in
pen cleaner until the dried ink
dissolves (overnight if necessary)

Remove cleaning solution from all
pen parts by rinsing with warm water

Clean pen body and cap by flush-
ing with warm water

Check air channel and vent hole
to make sure they are thoroughly
clean

Dry all par.~ thoroughly with a
paper towel

(NOTE: A bellows or ear syringe
is handy to use for-air drying the
nib.)

T0P

-
TOP .




14,

16.

17.

18.

19,

B. Clean a pocket model

1.

15.

JOB SHEET #3°

If pen is to be used in the near
future, use standard procedure to
refill the ink cartridge

If pen will not be used for an ex-
tended period of time, fill the ink
cartridge with cleaning solution

Hold cartridge upright and reassem-

ble pen
o

-

d

Press filled cartridge slowly into the
body of the pen to prevent residual
ink from entering the air channel

After assembly, wipe off excess
ink with a lint-free cloth or tissue

With - cap off, gently shake pen
horizontally several times to start ink
flow
(NOTE: Pens in normal use should
be cleaned on a regular basis, and
pens in use should always have
cartridges more than half full of ink
to insure ink flow.)

QS

technical pen

Expel ink by turning filler knob
counter-clockwise

PAPER | WIPE

Water in
Sink




3 Lo 1 \'
! JO8 SHEET #7 {
| I

2. Remove nib with nib key

(CAUTION: Nib disassembly is not

recommended unless absolutely nec: S
essary and a nib .30 mm #00 or “
smaller should ‘never be disassem- .
‘ bled.)
!

3. Remove safety cap and hold point
up to allow wire-weight to fall
into hand . '
(CAUTION: NEVER PULL wire 0

N weight to remove it. «
4, Carefully clean wire-weight and
nib

g
5. Hold nib point down and carefully l
drop wire-weight into writing tube of i

nib

6. Jiggle pen carefully to aliow wire- '
weight to fail back into place, but do
not force the wire-weight back into
place

7. Replace safety cap

8. Turn filler knob clockwise as far as it
goes

9. Hold bai.al upright and fill half-way
with liquid pen cleaner

AYA
e V)




10.

1.

12.

JOB SHEET #3

With thumb over open end, gently
shake barrel horizontally, then flush
with warm water

Clean cap by flushing with warm
water

Air dry all parts thoroughly with
bellows or ear syringe before reas-
sembling pen and refilling with ink

(NOTE: If the pen must be used
before it is completely air dried,
flush ink through the reassembled
point and barrel by filling and
expelling ink several times before the
final fill; under no circumstances
should the pen be used until all
cleaning fluid and water have been
removed in this fashion.)

Al iustrations for this job sheet

courtesy of Koh I Noor Rapidograph, Inc

.
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INKING TOOLS AND TECHNIQUES
' UNIT VIII

JOB SHEET #4--CLEAN A TECHNICAL PEN WITH AN ULTRASONIC CLEANER

l. Tools and materials
A Technical pen
B Ultrasonic cleaner
C. Ultrasonic cleaning fluid
D. Lint-free cloth or tissue
. Procedure
A Without removing ink, submerge pen up to

4p threads in cleaning solution for 30 sec-
onds

PALE NI

B. Blot the cleaning solution from the air chan-
nel with a paper wipe

C  With the technical pen, draw on a scrap piece
of vellum or other media material to remove 3
the cleaning solution from the writing tube

(NOTE: This preventative maintenance .
should be performed daly after each work é
session, if the pen was used, if the pen points s
extremely dirty, follow the standard cleaning
method.)

{CAUTION" Do not submerge the entire pen w
point in the ultrasonic cleaner for an ex

tended time period or damage to the pen -
point and ultrasonic cleaner will result )

‘ All flustrations for this job sheet courtesy of Koh | Noor Rapidograph, Inc.

Q. 627




Match the terms on the right with their correct definitions.

INKING TOOLS AND TECHNIQUES

UNIT VIII

TEST

NAME

Does not allow light to pass through

Has the property of transmitting or allow:
ing light to pass through

Tracing paper which has been treated with
a transparentizing agent which normally
consists of waxes, oils, and similar substances

Fabric that has undergone a transparent.
izing process and is sized with a type of starch
compound or plastic to provide a good
working surface for pencil or ink

A tough translucent plastic drafting medium,
usually made by bonding a matte surface to
one or both sides of a clear polyester sheet

Lacking or deprived of gloss or lustre

A liquid composed mainly of carbon in
colloidal suspension and gum

. Usually consists basically of a pen holder,

ink cartridge, a point, and a cap
Pen point

Device which consists of a shoulder of metal
or plastic in a cylinder placed in a plastic
color-coded point tube with an air channel
and vent hole, a wire-weight, and a wire-
weight safety cap

Firm or steady attachment
Capable of forming an homogenous mix-
ture that does not separate or alter by chem-

ical interaction with each individual substance
or matenal

b2y

10.
1.
12.
13.
14,
15.
16.

17.
18.
19,
20.
21,
22,
23.
24,

25.

© N WwN

Manual lettering
device

Ink
Dogboning
Pen point
Vellum
Technical pen
Nib

Calligraphic
lettering pen

Ultrasonic pen
cleaner

Ghosting
Compass adapter
Tracing cloth
Watermark
Opaque

Wire side

Polyester draft-
ing film

Ink triangle
Transparent
Compatible
Adhesion
Matte

ink riser
Feathering
Tubular pen

Felt side
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______m Occurs when an ink line spreads in an uneven

fashion; usually due to drawing on the wire
side of the vellum

. Side of the paper that is down when paper

goes through a paper-making machine

Side of the paper that is up when paper
goes through a paper-making machine

A distinctive mark or design produced by
the raised pattern of the dandy roll on the wet
sheet; usually used as a trademark

. When ink lines spread out at the beginning

and end of a line

Device which uses millions of microscopic
bubbles to clean the point of a technical
pen

A straight-edged three sided device whose
total angles equal 180° made of thin, fiat
plastic, or metal with acute angles of 45°
or angles of 30° and 60° with one or both
sides bevelled so that ink will not run under
triangle

Thin plastic template placed under a tem
plate or triangle so that ink will not run
under template or triangle

A device for technical pens to hold the
pen In the proper position in a compass

An instrument consisting of a lettering
template, scriber, and a tubular pen or a
technical pen made for scriber use

Pen device that fits into a scriber, consists of a
pen point and a cleaning pin

A fast lettering, freehand drawing pen with an
ink reservoir, it 1s used for calligraphic hand
writing by card writers, commercial artists,
drafters, and letterers

A smudged area or image on a reproduction
copy of a drawinq caused by a damaged sur-
face due to erasing or mishandling of the
original




2. Select types of drawing inks by placing an "X" in the appropriate blanks.

a. Transparent colors

b. Stamp pad ink

c. Tempera ink

d. Washable, opaque

e. Permanent or waterproof black

f. Opaque colors

3. Select quality requieespents of good drawing ink by placing an "X" in the appro-
priate blanks.

a. Must be flowing

b. Must be transparent

c. Must have good adhesion to the media surface

d. Must be slow-drying

e. Must dry to sufficient hardness to resist chipping and flaking

f. Must be able to be erased easily at any later date without severe damage
to the media surface

4. Select true statements concerning the properties and performance of drawing inks
by placing an "X" in the appropriate blanks.

a. During manufacturing, drawing inks undergo many chemical and phys-
ical tests ’

b. Salts and other impurities do not seriously affect the ink mixture

c. The solvents in ink will rapidly evaporate and result in thickened ink unless
the bottle of ink 1s capped after each use

d. Drawing materials that are not cherrically compatible have no influence
on the quality of the ink line

e. In recent years manufacturers of drawing ink have started using latex as a
binder to replace shellac; this causes the ink to be waterproof after curing
and produces an extremely dense black ink line

f. Ballpoint pens may Le used for hand drawing when accuracy is necessary

63t
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ERIC

Aruitoxt provided by Eic:

List three types of pen points.

Select true statements concerning the ways to properly use and care for techmical
pens by placing an " X" in the appropriate blanks

____a The proper way to hold the technical pen s horizontally, with a very
heavy touch

b While ¢ .ving, always push the technical pen, never pull it

_ ¢ The wr - .nel allows air to enter the ink cartridge in order to replace
the - that has been used

d The technical pen may be left uncapped when nat in use for short
periods of time

¢ The wire weight should always be removed during cleaning

f When a technical pen i1s to be stored for an extended period of time, 1t
should be cleaned well and filled with pen cleaning solution

g. Before using a pen that has been stored a long time, flush it with warm
water, thoroughly dry 1t, and refdl it with ink

Complete the follcwing statements concerning procedures for matching micro-
filmed drawings

a  When reducing a microfilmed drawing to the next lower size, use a pen point
than was used on the original drawing

b When enlarging a microfilm drawing to the next larger size, use a pen point
than was used on the original drawing

st two ways to properly use technical pens with programmed automated digital
plotters




9. Select ‘rue statements concerning precautions when using ink on vellum or tracing
cloth ..y placing an "X" in the appropriate blanks.

10.

b.

Be sure wire side of vellum is up
Be sure shiny side of tracing cloth is up

Before putting any linework on vellum or tracing cloth, they should be
cleaned and the cleaning material removed

Ink is easy to remove from vellum or tracing cloth because they are non-
porous materials

When linework is erased, it may leave a "ghosting" effect when repro-
duced, so erase with care

Select true statements concerning characteristics of polyester film and procedures
for using ink on polyester film by placing an "X" in the appropriate blanks.

f.

If the polyester film is matte on only one side, place the shiny side
up for drawing

Before putting any linework on polyester film, the film should be wiped
clean with a moist paper towel

Ink is difficult to remove from polyester film

Ink lines will flake or chip off the drafting film when some foreign
materials are present between the ink line and the polyester film

The matte coating is applied to polyester film so a line will adhere
securely to the surface

For hand drafting, the most common thickness used is 15 mil

Select factors that contribute to making a line heavier with a ruling pen by placing an
"X" in the appropriate blanks.

Moving the pen too fast

b. Overfilling the pen

Nibs too sharp
Leaning the pen toward the paper
Hard working surface

Dried ink particles caked on the nibs

633




12. Select factors that contribute to making a line thinner with a ruling pen by placing an
"X" in the appropriate blanks.

a. Moving the pen too fast
b. Overfilling the pen

c. Dull nibs

d. Pen held to nearly vertical

e. Hard working surface

f. Dried ink particles caked on the nibs

13. Discuss useful tips for working with ink.

14. Complete the following chart of the alphabet of ink lines. Be sure to fill in every
blank line. .

Cet e [T —_—




15. Demonstrate the ability to:

Draw and erase ink lines on vellum or tracing cloth.

Draw and erase ink lines on polyester film.

Complete steps in inking a drawing or a tracing. .

Fill clean technical and pdaket model pens.

Refill a technical pen.

Clean technjcal and pocket model pens using the standard cleaning method.
Clean a technical pen with an ultrasonic clear.er.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)

Ly

6o
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INKING TOOLS AND TECHNIQUES
UNIT VIII
ANSWERS TO TEST
1. a. 14 k. 20 u. 1 2
b. 18 I. 19 v. 1
c. b m. 23 w. 24
d 12 n. 16 x. 8 ‘.
e. 16 o 25 y. 10
f. 21 p. 13
g 2 qQ 3
h. 6 r. 9
A s. 17
jio 4 t. 22
2. “a de,f
3. a8c¢cef
4. a,c e i A
5. a. Stainless steel

b. Jewel
c.  Tuggsten-Carbide

‘ 6. c.fg \

7. a. Onesize smaller
b. One size larger

8. Any two of the following:
a. Plotter pen points require instantaneous start-up and shut-off of ink flow

b. Jewel and tungsten points are usually recommended for automatic plotter
used on polyester film

c. The wire-weight should never be removed during cleaning, especially in sizes
.30 mm #00 or smaller

d. The average speed for hand drafting is 4 inches per second, but some auto-
mated plotters draw as fast as 40 inches per second, and this requires exacting

pen performance

10. b, d, e

11. b, g, f

. 12. a,d, e

€36




13. Discussion should include:

a. |f an ink triangle is not available, use pennies or drafting tape on one sidec
of the t{iongh to raise the triangle off the paper

If an ink riser is not available, place snother triangle under the one being
used to prevent ink from flowing under the triangle

Periodically check the technical pen for leaking around the tip to prevent
your hands from smearing the drawing; also check the tip for a drop of ink
on the tie '

If an ink riser is not available, place the template over a triangle to raise
the template off the peper; the triangle gives good support and adequate
clearance to prevent ink from running under template

<

2

Recommended
Approxsmate Pen size and
Name of line Dim¥nsion Width in in number

Visible line Thick 030-.038 50 mm 2

Hidden line Thin .015- 022 35mmO0

Center line
HSymmetry line) § Thin .015 022 35mmO

Section line Thin 015.022" 35mm 0

Dimension
line Thin ‘015 022 3% mm0

E xtension i
hne Thin 015 022 35mm0

Leader line Thin 015- 022 35mm0

Viewing
plane or
Cutting )
plane - 030 038 50 mm 2

]
Short break | ,
hine 30038 | S50mm2

Long break .
line ' 015 022 35mm0

Phantom
line or
Adjacent™
part line 015 022 35mm 0

Sutch hine 015 022 35mm0O

Chain hne 030 038 50 mm 2

Border line 038+ 80 mm 3

15. Evaluated to the satisfaction of the instructor

o7




AXONOMETRICS

' . UNIT IX

UNIT OBJECTIVE

After completion of this unit, the student should be able to identify isometric axis line
positions and plane surfaces on isometric drawings. The student should also be able to
center 1n a working space, box in, construct angles, construct circles, measure in, and
dimension an isometric drawing. This knowledye will be evidenced by correctly performing
the procedures outlined'in the assignment sheets and by scoring 85 percent on the unit test. |

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:
1. Match terms refated to axonometrics with their correct definitions.
2. List three types of axonometric drawings.
3. Identify positions used as axis lines for 1sometric drawinys.
' _ 4. |dentify plane surfaces on isometrics.
5. Select true statements concerning rules in constructing'} an isometric drawing.

' 6. Match common errors made in isometric drawing with their correct drawings.

’
7. Oistinguish between the advantages agd disadvantages of isometric drawing.
8. Select methods of dimensioning an isometric.
9. Select true statements concerning rules in dimensioning an isometric draw-
Ing.
L~ B
10. Demonstrate the ability to:
-
a. Sketch an isometric drawing.
b. Sketch isometric circles
c¢. Construct an axonometric drawing by box method.
. d. <Construct angles on an isometric.
. e. Construct isometric circles and arcs.
. ‘ f Construct isometric curves by coordinates.* )

\ .
608
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g. Measure in isometric by offsets.

h. Construct an isometric in the center of a drawing media.

11. Construct isometric drawings of various objects.

J/ ‘

Gy \\\




AXONOMETRICS
‘ UNIT IX

SUGGESTED ACTIVITIES

I Provide student with objective sheet,

1", Provide student with information and assignment sheets.
. Make transparencies.
v Discuss unit and specific objectives,

V. Discuss information and assignment sheets.

VI, Show filmstrips or films which cover the fundamentals of isometric drawings.
Refer to additional material for suggested teaching aids.

VII, Give test.

INSTRUCTIONAL MATERIALS

I Included in this unit:

‘ A. Obijective sheet

B. Information sheet

C. Transparency masters
1. TM 1-Types of Axonometric Drawings
2. TM 2-Positions of Isr;metric Axis Lines
3. TM 3--Surfaces on an Isometric
4 T™ .:1--Errors on Isometrics
5. TM5--Errors on Isometrics (Continued)
6. TM 6--Methods of Dimensioning |sometrics
7. TM 7-Dimensioning Pocedures

D. Assignment sheets

1. Assignment Sheet #1--Sketch an Isometric Drawing

. 2. Assignment Sheet #2--Sketch Isometric Circles




3. Assignment Sheet #3--Construct an Axonometric Drawing by Box
Method Co

4. Assignment Sheet #4-Construct Angles on an Isometric

5. As\signment Sheet #5--Construct Isometric Circles and Arcs

6. Ass'ignment Sheet #6--Construct Isometric Curves by Coordinates
7. Assignment Sheet #7--Measure in Isometric by Offsets

8. Assignment Sheet #8--Construct an Isometric in the Center of a Draw-
ing Media

E. Answers to assignment sheets
F. Test

G. Answers to test

References:

A. Giesecke, Frederick E., et al, Technical Drawing. New York 10022: Mac-
millan Publishing Co., Inc., 1980.

/
B. Brown, Walter C. Draftinggor Industry. South Holland, lllinois 60473:
Goodheart-Willcox Co., Inc., 1974.

C. Jensen, Cecil and Jay Helsel. Engineering Drawing and Desigr. New York:
Gregg Division/McGraw-Hill Book Co., 1979.

§
D. Dygden, John Thomas and Ikﬂenry Cecil Spencer. Basic Technical Drawing.
New York: Macmillan Publishipg Co., Inc., 1968.

E  Spence, William P. Drafting Technology and Practice Peona, lllinois 61614:
Chas. A. Bennett Co., Inc., 1973,

\
Additional materials:

\

A  Filmstrip/cassette--"Drafting Series\‘\ | and I1." Doubleday Multimedia;
1371 Reynolds Avenue; Santa Ana, CA 92705.

B. Transparencies-"The ABC's of Drafting." DCA Educational Products:
DCA Incorporated, Warrington, PA 18976.

{
C. Fiimstrip/cassette-" Drafting/Mechanical Drawing.” Prentice Hall Media;
Serv Code VD354; 150 White Plaines Road; Tarrytown, NY 10591.

-
. w
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Aruitoxt provided by Eic:

AXONOMETRICS
UNIT IX

INFORMATION SHEET

Terms and defimtions

A. Axonometnc A type of pictonal with each of the three planes and axes
at any angle and not equal to 90°

B  Pictonal Suggesting a picture or mental nnmdage

(NOTE Three types of pictorials are axonometric, obhque, and perspec
tive )

C Isometric A type of axonometnic drawing with each of the three planes
and axes equdl to each other

D Dmmetric A type of axonometric drawimg with two planes on equal axes to
each other and o third plane of a different angle

E Trimetnie A type of axonometnic drawing with all three planes and axes
not equal to each other

F Foreshortened To appear shorwe, 0 the eye than it actually s

G Axis lines The hnes used to represent surfaces or planes conung toyether
H Projection To extend from one point to another

i isometnic hines The hnes that run parallel to the isometric axis hines

J Non ssometrie hines The lines that do net tun paratlel to the isometric axis
hnes

K Elhpse A foreshortened circle with a major and nunor diameter

L Offset coordingtes A method of locating a pomt from a horzontal and
d vertical line

Types of axonometric drawings (Transparency 1)
A lsometnc
B Dimetric

C Trumetnice

Hie




ERI!

Aruitoxt provided by Eic:

INFORMATION SHEET

Positions used as axis lines for isometric drawings (Transparency 2)

A. Top

(NOTE: The top position is most commonly used.)

B  Bottom
C. Right side
D. Left side
Vv Plane surfaces on isometrics (Transparency 3)
” g - > ~
s Top ™
Left Side Right Side
Vv Rules in constructing an isometric drawing
A All measurements are made parallel to the main edges of the isometric
axis lines
B. Angles are measured by coordinate offsets and cannot be transferred in
degrees
C  Hidden hnes are omitted in isometric drawings !f possible
D A drawing should be centered in the work space and boxed in before adding
details
E. If isometric templates are not available, then approximate ellipses must be
constructed to represent circies
F  Always block in a circle before constructing its arcs
G The sight direction that best represents the object should be used for the
isometric position
H if 1, .es are parallel 1in two successive orthographic views, they are parallel in
1SOIMeELric views
Vi Common errors made 1n 1isometric drawing (Transparencies 4 and 5)

A

B

Object viewed from wrong direction

Circle arcs not tangent to each other




Vi,

VIH.

INFORMATION SHEET

C. Ellipses not in proper plane

D. Tangent lines missing from circles and arcs
E. Rear ellipse of a hote missing

F. Lines of isometric omitted

G. Angles not measured correctly

H. Dimensions not measured parallel to isometric axis lines
Advantages and disadvantages of 1sometric drawing
A Advantages
* Easy to construct
2. Three sides of an object may be shown in one view
3 Circles are not very distorted
8  Disadvantages

1. Long objects appear distorted

2. Symmetrical type drawing causes some lines to meet or overlap, con-
fusing the viewer

Methods of dimensioning an :sometric (Transparency 6)

A. Aligned

B  Unidirectional

Rules in dimensioning an isometric drawing (Transparencies 6 and 7)

A. Dimensions must all be put in by the aligned method or the unidirectional
method

B  Use gurdelines for all notes

C. Dimension an;j extension lines should be paraliel to the plane beinyg dimen-
sioned

D. Keep dimensions off cbject if possible

E  Dimensions should all be to visible surfaces if possible

F  Dimension size of holes with notes and leaders

G. Keep dimension lines evenly spaced and not crowding the drawing

H  Notes should be parallel to the horizontal plane

6 14



Types of Axonometric Drawings

f f
e d e
Le=Lf
\A Le= L£-120° \/d not =
Isometric Diametnc
@
e
d\-/
. \\/d Le, Lfare not =

Trimetric o g
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@ Positions of Isometric Axis Lines

Bottom Left Side




S

@ Surfaces on an Isometric
Top View
Left Side View < Right Side V
. Bottom View




Errors on Isometrics

CORRECT INCORRECT Circle arcs not tangent
to each other

=

Object viewed from wrong direction

l

0

2

Ellipse not in proper plane

cot!




Errors on Isometrics
Continued

y l/};
/ .

Tangent lines and rear ellipse missing Angles not measured correctly

]

, Dimensions not measured
Isometric lines missing parallel to isometric axis

{\

\




Methods of Dimensioning Isometrics

T |

ALIGNED

UNIDIRECTIONAL

\ 1 Drill |
N %}/2
A
L 2
622
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Dimensioning Procedures

CORRECT

3
e Ya Dnill
é

2 Holes

/‘/1‘/2

/

3/8L:/

3/4 Drill

INCORRECT

631




AXONOMETRICS
\ UNIT IX

ASSIGNMENT SHEET #1--SKETCH AN ISOMETRIC DRAWING

Premise: This type of sketching can be drawn from an actual object or from any multi-
view type drawing. An isometric sketch is drawn with both sides slanting back at a 30° angle.
In sketching, this 30" angle is approximate. An isormetri¢ drawing can be sketched by using
the procedure in the following example.

Exarapie:

£

1. Use given actual object of multiview drawing' and
determine height, width, and depth

F— w < o+

b ouas cnsn wny

[

2 Lay off height, width, and depth as shown

e

3. Box in the outline of the object

4. Locate object features such as slots, holes, and grooves
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ASSIGNMENT SHEET #1

5. Complete shape of object

6 Erase corstruction lines and darken outline

Directions: Sketch an enlarged isometric of the object below.

l ':b-,' .
LV Y]
. N




ASSIGNMENT SHEET #2 -SKETCH ISOMETRIC CIRCLES

AXONOMETRICS
UNIT IX

Di

o
1%

Premise: An isometric circle can be in the top, right side, or left side. In any case the circle
should always be boxed in and then its individual arcs sketched to make the complete
isometric circle. Isometric circles can be sketched by using the procedure in the following

example.
Example:

1. Lay out center lines

2. Mark off radius points

3. Box in circle outlines

4. Sketch in arcs lightly
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ASSIGNMENT SHEET #2

5. Erase construction lines and darken circles

*

Directions: Make enlarged isometric sketches of the objects belb_w in the space at the
right

Problem A.

any

Problem B

P
Ve
-

< H
(O




AXONOMETRICS
. UNIT 1X

ASSIGNMENT SHEET #3--CONSTRUCT AN AXONOMETRIC
DRAWING BY BOX METHOD

Premise: Axonometric drawings can be constructed by using the procedure in the follow-
ing example, The same procedure is used for isometrics, dimetrics, and trimetrics except
that the axis lines will differ.

Example:

1. Attach sheet to drawing surface in alignment with working edge

2. Select position of isometric axis lines

A \

:.. A R

3. Locate axis lines on drawing medsa for the type of axonometric to be drawn

(NOTE" The lines are not centered on this example meda.)

-

L R S—

. a. Isometric
[

(4] !
PO
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ASSIGNMENT SHEET #3

ANY ANGLE BUT NOT EQUAL
SUM OF TWO LESS THAN 30°

. - ANY ANGLE EXCEPT ——
30°* ANV EQUAL /
S50°

25° 20°
|

b Dimetric c. Trimetric

4 Extend lines from these axis lines with 30° 60° triangle or drafting machine

6 Complete box with 30° 60° triangle or drafting machine making sure lines are parallel
to main axis hnes

. {(NOTE" The following drawing is isometric Dimetric and trimetric axis lines will be
parattei at different angles )

- i T
Parallel at 30° ,‘"—”f/ P T
¥ " T~ Parallel at 30°
|
|
* ‘\t_‘—di
L R -~ - - --+—— Parallel Vertically
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ASSIGNMENT SHEET #3

7. Add details to object by removing parts of box not needed.

Directions: Construct an isometric drawing of the follow.ng object. Use top axis posi-

tion
3

Problem A" '
- | - | —— 2 ——>

oy camt owe - emn -

Directions- Construct a dimetric drawing of the following object. Use top axis position and
20" angles

Problem B-

L
!-———4
!
L}

Direchions Construct a trimetric-drawing of the foltowing object. Use top axis position and

X 50° e .
20" and 50" angles. " 2 o 'zt S o __
Problem C: - 3"‘1 ~ 3 "

i |
N
|
- ‘
— S 1 1.

61



AXONOMETRICS
UNIT IX

ASSIGNMENT SHEET #4-CONSTRUCT ANGLES ON AN ISOMETRIC

Premise: Angles on an isometric can be constructed by using the procedure in the follow-

ing example. The example will use th dimensions of the following object on the left to
construct the object on theright.

D
Example: ' s —
o .. T
30
R — . g
a 2'
1 " r
" "
r-*—«—s-———{ !
\‘\ L J
1. Box in overall dimensions of the object in isometric I

2. Use dividers to lay out offset dimensions of angle
and connect points ]

- - N /gf_\ .
/ Distance D -
3 Complete the other sde after extending lines

across with 30° 60° triangle or drafting machine |

6o2
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ASSIGNMENT SHEET #4

Directions: Construct the following object in isometric using the correct method to con-
struct angles Use top axis position and construct long dimension to left.

}
1 1/2 "
ol L R o—
1 1/2 "
2" 1"
e e e - e el b ——— gt

N




’ AXONOMETRICS
| ‘ . : UNIT IX
] i

ASSIGNMENT SHEET #5--CONSTRUCT ISOMETRIC CIRCLES AND ARCS
%

Premise: A circle can appear as an ellipse in the top, left side, or right side. The procedure
for constructing the ellipses is the same but each is in a separate pfane. Isometric circles and
arcs can be constructed by using the procedures in the following examples. Examples are
given for constructing circles in top and side planes using a 30° 60° triangle or drafting
machine and ellipse templates. Examples are also given for constructing arcs using a 30° 60°
©  triangle or drafting machine and ellipse template. ?

o —

. Left Side

Right Side

Example A: Circle in top plane

1. Locate center of circle and lay out center lines with a 30° 60° triangle or drafting

h ‘ machine -
\_/
// \\ )

2. Locate diameter of circle by measuring its radius from the center point along the

center lines O
o 3

K\ ")e
o‘ o /M\ ’el'

ot R .
0-\3(“6 - ’// - o R o’re A
*{ 7N -

/
/
'/'l ~

| :/,// AN . .
£ o
“Z 4 @:‘ b =~ 30 "

3 Erect perpendicular bisectors to each side, using the 30° 60° triangle or drafting ma-
chine as shown: these perpendiculars will intersect at four points, which will be centers
for the four cirtular arcs 90°

Mid-Point
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ASSIGNMENT SHEET #5

4. Draw the two large arcs, with radius R, from the intersections of the perpendiculars in
the two closest corners of the parallelogram as shown

5. Draw the two small arcs, with radius r, from the intersections of the perpendiculars
within the parallelogram, to complete the ellipse

Example B. Circle in side plane c e -

(NOTE: The method for constructing isometric circles i1s the same for both sides
of the box |n this example the right side plane will be used.)

Right Side

t. Locate center of circle and lay out centerlines with 30° 60° triangle or drafting machine

. Centerline Vertical

rd

_ ) /
Centef“ne 30° 7*

(AR

-\)\)
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’
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ASSIGNMENT SHEET #5
——

v

Locate diameter of circle by measuring its radius from the centerpoint along the center

lines

A
H ;
} *

30

‘\'\("b\ ./‘L

\

.

3. Erect perpenglicular bisectors to each side as shown; use the intersecting points as

centers for the arcs

( HorizBntal

7,
.

"

4 Draw the two large arcs with radius R, from the intersection of the perpendiculars

from the twao closest corners

an




7
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ASSIGNMENT SHEET #5

5. Draw the two small arcs, with radius r, from the intersection of the perpendicular lines
within the parallelogram to complete the figure

-t

»
f
(
j
i
Y
K ’ .
L ]
< - .
Example C: Circles with ellipse template
R (NOTE " For convenience and time saving, isometric ellipse ternplates (35° 16' should

be used. These ellipses have centerline marks that are paratlel to two of three major
axis lines on the isometric drawing:)

-

. 1. Ceonstruct isometric centerlines that are parallel to two axis lines

2. Select template marked isometric ellipses

3. Select correct diameter marked on template

4. P&ition template s0 that the four line-up marks are at a 30° angle from horizontal

5. Line up ellipse temiplate marks on center lines; construct ellipse

ISOMETRIC ELLIPSE
318° 1§’

\ >~
i &) T3
MARKS
- R .
»
- ‘\
Vg g
Q - ve § )
ERNC . . - :

. . - 4
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ASSIGNMENT SHEET #5

6. To position the ellipse on the center lines in the
other planes, use the same marks; place two of
them vertically and the other two marks are at a
30° angle from horizontal

CENTER

30° 30°
HORIZ _L_ HORIZ
RIGHT PLANE LEFT PLANE

-

Example D: Arcs

(NOTE: Arcs in isometric pose another probiem in determining which plane to lay
out the isometric box and which part of the elliptical circle to use. The required
radius R is measured equally and in each case is measured from the cornér where
the arc 1s to be located as shown io the following illustration.




.

782

ASSIGNMENT SHEET #5

1. Mark off radius points from the corners along the box lines

(NOTE: In this example 1/4" R arcs will be constructed.)
/ l
K
K

Q

2 Erect ~nnstruction lines inside the circle perpendicular to each of the lines on which
the radius points are marked

|

|
+
v

Perpendicular

ERIC 62
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ASSIGNMENT SHEET #¢

l| -

3. Set compass at radius of line intersections and put in orcs as shown on all four corners

(NOTE: Heavy dots inside box are line intersections and are used for radius points.)

‘ 4. |f plane where arcs are needed should be in the top, the procedure 15 the same; after
points are located, swing arcs from intersecting lines as shown

Perpendicular

Example E: Arcs with ellipse template

(NOTE: The principle for constructing arcs is the same as circles, but only 1/4 of an
ellipse 1s used.)

1. Mark off radius points from corners along the box lines

2. Construct isometric center lines parallel to box lines

‘ 3. Select correct ellipse size for radius




ASSIGNMENT SHEET #5

1)

4. Position template line-up marks on center lines; construct required arc

(NOTE: Arc lengths greater than or less than one-fourth circle are determined by

marking tangent points.)
.
lj ‘

ISOMETRIC ELLIPSE
35°16’

DIAMETER .
Regd
LINE UP ¥ /, %
LINE uP MARKS
MARKS 1/vllrun ‘9 waRK@E®

FOR SiamETER

HORIZ PLANE

Directions: Construct an isometric circle with a diameter of 2" using the procedure outlined
in Example A,

s

~
N

Directions: Construct isometric circles in right and left plane‘in the boxes below using the
procedure outlined in Example B. .

~

Problem A:

Problem B: \




Te
»
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ASSIGNMENT SHEET #5

Directions: Construct isometric circles on the following center lines using isometric ellipse
template and procedure outlined in Example C.

Problem C:

\»/ ) {/ O\
\ _

N

Y O \

v

| P
AN N N
A N

Directions: Construct 1/2" radius arcs in the corners of the following boxes using pro-
cedure outlined in Example D.

-

Problem D

< b

e

@ g




ASSIGNMENT SHEET #5
Directions: Construct 1/2" radius arcs in the corners of the following boxes using circle
template and procedure outlined in Example E.

Problem E:

A _ >




AXONOMETRICS
UNIT IX

ASSIGNMENT SHEET #6-CONSTRUCT ISOMETRIC CURVES
BY COORDINATES

4

Premise: Circles and arcs that are not regular make it necessary to use points to lay out the
curve. Isometric curves such as in the following illustration can be constructed by coordi-
nates using the procedure in the following example.

Example:

1. Locate coordinate points along the curve as at A, B, C,
and D

2. Mark distance a and b as shown on top view of ortho-

graphic\ —1

-

1t

0 C B A

Fed b—b-

3. Draw isometric box in position desired to illustrate
object

- "

674



ASSIGNMENT SHEET #6

4. Along right and left edges lay out coordinate distances a and b from orthographic view
in step #2; this locates point A

7. 'Locate curve points at bottom edge by dropping them down the thickness of the
object




ASSIGNMENT SHEET #6

s .
8. Use irregular curve to put in bottom edge; darken visible lines

N

-

o

Directions: Construct an isometric drawing of the following object beginning with point -

A

Problem:

67

*

)
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AXONOMETRICS
UNIT 1X

L4 -

example. -~

A -

Top View
” ‘[

2. Locate point; onoutlineof box asataand b

Example:

.

1. Box in outline of top and front view

r

Front Vi;w

3. Lay out isometric box with same height, width, and
depth of object

Locate points on isometric box by locating them on
their correct plane; all measurements must be made
parallel to 1sometric lines, such as the outline of the box

ou

.
-~

ASSIGNMENT SHEET #7-MEASURE IN ISOMETRIC BY OFFSETS

Premise: |sometrics can be measured by offsets using the procedure in the following




)

* ASSIGNMENT SHEET #7 ~
e < - i

5. Erase construction lines and darken outline of the objert

4

»

' £
Veul C
\
Directions: Construct the two views as an isometric.
- ° I Y

Problem: r"—
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‘ UNIT IX
ASSIGNMENT SHEET #8-CONSTRUCT AN ISOMETRIC IN
: - THE CENTER OF A DRAWING MEDIA. o

Premise: It is important that isometric drawing$ be located’ somewhere near the cente’

_ of the drawing media that is available tqQ allow room for dimensions, notes, and to add to
the neatness of the object. lsometrics caﬁ;conmucted in the center of a drawing me-iia
by using the procedure in the following examgie.

Example: ke

1. Make an isometric box sketch of the overall dimensions of the object to be drawn

3. From the center of the work area, measure vertically 1/2 the height of the object
(1 1/2" in this example)

-

4. At a 30" angle down and. to the left, measure 1/2 the width of ‘the object (2" in this
example) .

5. At a 30° angle to the right and down, measure 1/2 the depth of the ot:;ieét (1" in this
example):this point is the front corner of the“obgect to be drawn

. Step #4 Step #3
Vaw - %f‘, }I/ZH =11/2"

\ . 4 Step #5 \-Yk Center .
120 = 1'\




ASSIGNMENT SHEET #8

6. From this point, complete the object as an ordinary isometric by boxing in the outli>e,
adding features, and crasing construction lines

lc \

\

L.rections Center the isometric object in the space below with longest dimension to left.
+

Problem A: T
e _

zl

{




ASSIGNMENT SHEET #8

Directions: Center and construct isometrics for the following problems on "A" size vellum.
Use standard borders and title block. Omit dimensions and erase construction lines. Start
with point A, \

Problem B:
-
3 [
—iey nio l
¥ T 57
e | - b—'—zi——-— i-n—
e 43

|
| | ¥ L ﬂ_' v'i M
S I S

Problem C:

5 2 |
T L»l- /‘L
LYY
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ASSIGNMENT SHEET #8

Directions: Center and construct an isometric of the followinyg object on "A" size vel'um.
Use standard borders and t.tle block. Dimension the drawing. -~ ~

Problem D-

oo |

%DIA 3 HOLES




AXONOMETRICS
UNIT IX

ANSWERS TO ASSIGNMENT SHEETS

]
Assignment Sheet #3
A %
B. 5 %
¢ ‘

Assignment Sheet #4

oIl-



|

| 798

Aesignment Sheet #5

C.

e
[ ]
[ ]

Assignment Sheet #6

N

Assignment Sheet #7

d

Assignment Sheet #8
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AXONOMETRICS
UNIT IX

NAME

TEST
1. Match the terms on the right with their correct definitions.

a. Suggesting a picture or mental image

other

Offset coordinates\

——other-

b. A type of axonometric drawing with each 2. Axis lines
of the three planes and axes equal to each
' 3. Axonometric
c. A type of axonometric drawing with two 4. Pictorial
planes on equal axes to each other and a
third plane of a different angle 5. Ellipse
d. A type of axonometric drawing with all 6. Projection
three planes and axes not equal to each
—+—For —
e. To appear shorter to the eye than it actually 8. Dimetric
9. Isometric
f. The lines used to represent surfaces or planes . .
coming together 10. Trimetric
g. To extend from one point to another 1. lsometric lines
12. Non-isometric\nes

h. The lines that run parallel to the isometric
axis lines

i. The lines that do not run parallel to the
isometric axis lines

¢

A foreshortened circle with a major and
minor diameter

k. A type of pictorial with each of the three
planes and axes at any angle and not equal to
90.

1. A method of locating a point from a hori-
zontal and a vertical line

T

2. List three types of axonometric drawings.

a. .

b.
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3 ldentify the positions used as axis lines for isometric drawings.

L4 ’---7‘

L 2Y
d.

b

e

f,

5. Select (rue statements concerning rules in constructing an isometric drawing by placing
an "X" in the appropriate blanks.

-~

a. All measurements are made parallel to the main edges of the isometric
axis lines

b. Angles are measured with a protractor in isometrics
R c. Hidden lines are always shown on 1sometric drawings
d. lsometric drawings are detailed and then centered in their ‘space
e. Always block in a circle before constructing its arcs

f. The sight direction that best represents the object should be used for the
isometric position

g. |f hnes are parallel in two successive orthographic views, they will never
be parallel 1n 1sometric views

9
SN
-1

O

LRIC
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6. Match common errors made in isometric drawing below with their correct drawings.
‘ : a. Lines of isometric omitted
b. Ellipses not in proper plane

3

¢. Angles not measured correctly

d. Tangent lines missing from circles and arcs

e. Circle arcs not tangent to each other

f. Dimensions not measured parallel to isometric axis lines

g. Rear ellipse of a hole missing

h. Object viewed from wrong direction

—Db.
‘ 7. Distinguish between the advantages and disadvlantages of isometric drawing by placing
an "A" for advantage and a "D" for disadvantage in the appropriate blanks.

a. Easy toconstruct «

b. Long objects appear distorted

-

c. Symmetrical type drawing causes some lines to meet or overiap, confus-
ing the viewer ’

d. Three sides of an object may be shown in one view

‘ e. Circles are not very distorted
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8. Select methods of dimen;ioniﬁg an isometric by placing an “X" in the appropriate
blanks. ‘
c ., a Template .
-
b, Aligned
c. Unidirectional
9. Select true statements concerning rules in dimensioning an isometric drawing by
placing an "X%" in the appropriate blanks.
a. Notes should be parallel to dimension lines
b. Use guidelines for all notes
c. Dimension size of holes with notes and leaders
_d Dimension and extsnsion lines .;.hould be pgrallel to the horizontal line
e Alldimensio;s mustﬁ; pu.t ir; by tr.we.al.ng;ed. m.etr-u;d- S S
_____f. Dimensions should be to hidden surfaces
g. Keep dimensions off object if possible
h. Keep dimension lines evenly spaced and not crowding the drawing
10. Demonstrate the ability to: * -

a. Sketch an isometric drawing.
b. Sketch isometric circles.

c. Construct an axonometric drawing by box method.
d.  Construct angles on an isometric. .
e. Construct isometric circles and arcs.

f.  Construct isom®@ric curves by coordinates.
g. Measure in isome?ric by offsets.

h. Conéfruct an isometric in the center of a drawing media.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)



LA R

Construct isnmetnic drawinas of the following objects. Beqin each drawing at point A,

Omut the dimensions.

a.
+|
Al 4

R
T
-
|
._.-%_.{.T

-—t
> 2
| —od

630

b)

——

Dlu-



1. a. 4 G
b. 9 h.
c. 8 i.
d 10 .
e. 7 k.
f. 2 L

2. a. lsometric
b. Dimetric
c. Trimetric

3. a Top c.
b. Right side®

4 3. Top - d

;- —teft side —-e.
c. Right side f.

5 a,ef

6. a. 5 d.
b. e.
c. 1 f.

7. a. A d.
b. D e.
c. D ’

8. bc

9. b,cgh

10.

11. a

DIl

AXONOMETRICS
UNIT IX

ANSWERS TO TEST

Bottom

Left side
Rightside - .. - - - _ .. . ...

Bottom

PP SWN
o o}

Evaluated to the satisfaction of the instructor

b.

601
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OBLIQUE
UNIT X

UNIT OBJECTIVE

After completion of this unit, the student should be able to select axis line position and box
in an object in the center of a working space. The student should aiso be able to measure in
oblique, construct angles, construct circles, and construct oblique drawings of various
objects. This knowledge will be evidenced by correctly performing the procedures outlined
in the assignment sheets and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES

Atter completion of this unit, the student should be able t0:
1. Match terms related to oblique with their correct definitions.
List three types of oblique drawings.

identify the positions used as axis lines on oblique drawings.

- ——— e

.y e e e

Name the two most common positions used as axis lines.

s w N

Select true statements concerning rules in constructing an oblique drawing.

Match common errors made in oblique drawing with their correct drawings.

o o

- 7. List two methods of dimensioning an oblique.

8. Select true statements concerning rules in dimensioning an oblique drawing.

9. Demonstrate the ability to:
a. Sketch an oblique..
b. Construct an oblique drawing by box method.
c. Measure in oblique. -
d. Construct angles on an oblique object.
e. Construct oblique circ;les.
f.  Construct oblique circles in depth plane.
g Const‘ruct an oblique draw;ng in the center of a drawm‘g space.
10. Construct a cavalier obligue drawing of a given object.

11. Construct a cabinet oblique drawing of a given object.

692




Vil

VI

8. - Information sheet

OBLIQUE
-t UNIT X

SUGGESTED ACTIVITIES

Provide student with objective sheet.
Provide student with information and assignment sheets.

Make transparencies.
Discuss unit-and specific objectives. -

Discuss information and assignment sheets, .

Discuss the uses of oblique drawings and how the student decides when to
make an oblique drawing.

Show filmstrips or films which cover the fundamentals of oblique drawings.
Refer % additional materials for suggested teaching aids. .

Give test. R

——— e

INSTRUCTIONAL MATERIALS

Included in this unit:
A. Obijective sheet

C. Transparency masters
1. TM 1-Types of Oblique Drwihgs .
2. TM 2--Positions of Oblique Axis
3. TM 3-Common Errors on Oblique Drawings ',
4. TM 4.Comme ars on Oblique Drawings (Continuéd)
5. TM 5-Metho. nensioning Obliques

D. Assignment sheets
1. Assignment Sheet #1.-Sketch an Oblique

Assignment Sheet #2--Construct an Oblique Drawing by Box Method

Assignment Sheet #3--Measure in Oblique

> LN

Assig';'lment Sheet #4--Construct Angles on an‘Obquue Object

\

603
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H.

L.

&

L3

— )
5. Assignment Sheet #5--Construct Oblique Circles
6. Assignment Sheet #6-Constivet Oblique Circles in Depth Plane

7. Assignmvnt Sheet #7--Construct an Oblique Drawing in the Center

- of a Drawing Space
¢ »
E. Answers to assignment sheets
F. Test
G. Answers to test
References:
A. Brown, Walte: C. Drafting for Industry. South Holland, IL 60473:
Goadheart-Willcox Co., Inc., 1974. :
B. Giesecke, Fregerick E. et al. Technical Drawing. New York: Macmillan
Publishing Co., Inc,, 1980. '
C. Spence, Willism P. Drafting Technology and Practice. Peoria, IL 61614:
Chas. A. Bennett-Co., Inc., 1973.
D. Jengen, Cecil and Jay Helsel. Engineering Drawing and Design. New York:

Gregg Division/McGraw-Hill Book Co., 1979.

Additional materials: .

A

Transparencies-"The ABC's of Drafting." DCA Educational Products: DCA
Incorporated; Warrington, PA 18976.

Filmstrip/cassette--" Drafting/Mechanical Drawing." Prentice Hall Media;
Serv Code VD354; 150 White Plaines Road; Tarrytown, NY 10591

)
:‘\41

L
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OBLIQUE
UNIT X

INFORMATION SHEET

. Terms and definitions
A. Pictorial--Suggesting a picture or mental image

(NCTE: Three types of pictorials are axonometric, oblique, and perspec-
tive.)

B. Oblique--A type of pictorial.drawing with front plane true size and parallel
to frontal plane, the other two at dhy angle to the front

C. Cavalier-A type of oblique drawing with all axis lines drawn true length

D. Cabinet-A type of oblique drawing with the depth axis drawn half scale
and the other axis lines drawn true length

E. General- A type of oblique drawing with the depth axis drawn at any scale
F. Foreshortened--To appear shorter to the eye than it actually 1s

G. Axis lines-The lines used to represent where planes come ;ogett\er

H. Project To extend from one point to another

|. Oblique hines-The lines that run parallel with one of the oblique axis lines

J.  Nonoblhque lines The lines that do not run parallel to one of the oblhique
axis lines

K. Ellipse--A foreshortened circle with @ major and minor diameter
" Types of oblique drawings (Transparency 1)
A. Cavalier
B. Cabhinet
C. General
I Pasiions used as axis lines on oblique drawings (Trénsparency 2)
A. Upto nght
B  Down to nght
C Uptoleh

D. Downtoleft
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INFORMATION SHEET

Most common positions used as axis lines

A
B.

Up to left

Up to right

»

Rules in constructing an oblique drawing

A

J.

All measurements are made parallel to the main axis edges of the obligue
axis lines

Angles are measured by coordinate: offsets
Hidden lines are omitted in oblique drawings if possible

A drawing should be centered in the work space and boxed in before adding
details

Use the approximate ellipse method on circles that cannot be drawn as
reqular circles or if no templates are available

Always box in a circle before constructing its arcs

Always face contours toward the frontal plane where they appear in true size
and shape and can be drawn with compass

Draw long objects with the long axis perpendicular to the line of sight
Keep all arcs and lines tangent to each other

Include the rear ellipse or circle of a hole if it is visible

Common errors made in oblique drawing (Transparencies 3 and 4)

A

o o

F.

Wrong axis selected

Arcs not tangent

Tangent lines omitted

Rear circle or ellipse omitted
Line missing

Plane with the longest dimension not in front plane

Methods of dimensioning an oblique (Transparency 5)

A

B.

Aligned

Unidirectional

"
FRURS)




INFORMATION SHEET .

VIIL. Rules in dimensioning an obligue drawing

A. Dimensions must be put in by the aligned method or the unidirectional
method

B. Use guidelines for all notes

C. Dimension and extension lines should be parallel to the plane being dimen-
sioned

D. Keep dimensions off object if possible
E. Dimensions should all be made to visible surfaces if possible

F. Dimension size of holes with notes and leaders

G. Keep dimension lines evenly spaced and not crowding the drawing
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® Positions of Oblique Axis
e /‘"\
F-// 7 I .
— Up to Ri
| )l R
' ;0 /A‘ltGLE —
L | ~
I o* N
k: 'Au:su
~ Down to Right ~ ~- >~
K
% 2
—J Up to Left -
e
( 90°
 lang :;
Down o Left |~ -

. Depth angle can be at any angle but usually between 30° and 60

ERIC 70"
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‘®  Common Emors on Oblique Drawings

yAa

/ Wrong Axis Selected

‘ Correct

Tangent Lin
Incorrect ' —— Omitted

Arcs Not Tangent




®  Common Ermors on Oblique Drawings
. (Continued)

Rear Circle Omitted N
N

J\ L

Key Line Missing

’ : z ‘
i / - .
L |

Correct

Incorrect




® Methods of Dimensioning Obliques

Unidirectional

11



OBLIQUE
UNIT X

-

ASSIGNMENT SHEET #1-SKETCH AN OBLIQUE

Premise: An oblique can be sketched by using the procedure in the following exampie.

Example:

. 1. Take the object and block in a front view
. Estimete
2. Next, the receding lines should be drawn paraliel to each  depth
other at a 45" angle or any convenient angle and the
lines should be cut so the depth leoks correct

- (NOTE: If receding: lines are 1/2 their full length,
. - the sketch is a cabinet sketch; if the recéding lines are
full length, the sketch is a cavalier sketch,)  *
1
3. Use an artgum eraser to dim construction lines and
darken in visible lines .

Directions: Make 8 full size oblique sketch of ttr following object.
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OBLIQUE
UNIT X .

ASSIGNMENT SHEET #2-CONSTRUCT AN OBLIQUE
DRAWING BY BOX METHOD

4

Premise: An ohlique can be constructed by box method using the procedure in the follow-
ing example. The same pracedure is used for cavalier, cabinet, and general obliques,

Example:

1. Attach sheet to drawing surface in alignment with working edge using a parallel bar or
drafting machine :

2. Select either of the following positiors of oblique axis lines

a. 45.\|
b. 60" \L__ o

3. Locate axis lines on drawing media 30 that contours and circles arc in best position

4. Measure overall width, depth, and height on these projected axis lines

>

Width




. ASSIGNMENT SHEET #2

5. Complete box paraliel to main axis lines

-~

6. At this point dsuils can be added to complete shape of object
<z )

»

Directions: Construct a cavalier oblique drawing of a box with the following dvmensvgf\s H
= 1", D =2", W ='3". Use the axis line shown by instructor.

Problem A:



| ASSIGNMENT SHEET #2
» . . "
M Directions: Construct s cabipet oblique drlwmg of the follomnq object. Depth axis i
: up to right 46°,
 Problem B: } )
, T ] _
- I

’ F 3 ‘.

o o‘.— 2 —=

4

-2~

o .
) [
. {' . - 0.
o . |
. . \ N ‘.
Directions: Construct a general bbhque drawing of the followmg object. Depth uxus ts
up to left 45° and 3/B" scale. > . .
* Problem C: 4

..
nzal-

]

|z
bt 2 ——o~

s 7 o




o OBLIQUE
UNIT X

" ASSIGNMENT SHEET #-3-MEASURE IN OBLIQUE

Premise: An oblique can be constructed with measurements by using the procedure in the
following example. ’

s

. {
Example: )
P—1—

1. Sketch necessary views of object to be drawn

e

po on o

2. Lay out axis lines selecting axis best for object AN S

| "
. ¢

5"
3. Measure dimensions on axis |ines r‘—li———r}(
’ 1

oy

1

4. Box in object

5. Add arc at right side of box °




ASSIGNMENT SHEET #3

6. Add arcs at left side of box /

7. Add circle in object F\

s

8. Darken visible lines

O

Directions: Construct the object below in cavalier. Depth axis 1s up to right 45°,




T

2

1

OBLIQUE
UNIT X

ASSIGNMENT SHEET #4.-CONSTRUCT ANGLES ON AN OBLIQUE OBJECT

Premise: Angles on an oblique object can be constructed by using the procedure in the
following example.

Example:

13

4

)0

—s—— ' i

Box in overall dimensions of the object in oblique

Use dividers or scale to lay out offset dimensions
of angle

P i

o

Connect points and complete the shape of the object

710




ASSIGNMENT SHEET #4

Directions: Draw the foll_owing object in cavalier. Depth axis is up to left 45°.

— | —

- ¥

~-
-~
[




OBLIQUE
UNIT X

ASSIGNMENT SHEET #5-CONSTRUCT OBLIQUE CIRCLES

Premise: A circle can appear in any one of the three planes
shown at right. In the front plane the circle is drawn as a true
circle with the compass. The other two planes are drawn
using the four-center ellipse method which makes drawing
easier and more legible. Oblique circles can be constructed by
using the procedure in the following example.

Example:

1. With this object all circles can be drawn from the !
front plane: determine depths, heights, and diameters
of circles and arcs

(NOTE: All circles.are either in the front plane or
parallel to the front plane.)

2. Box n overall shape




ASSIGNMENT SHEET #5

3. Locate center point of circle in front surface

.ré’.'.

4. Lay out skeleton framework of object by locating
circle center points

+

5. Use center points to draw in circles and arcs using circle
template or compass

6. Put in lines tangent to circle arcs

~3
» a
o

+

Skeleton
of
Center

Points




ASSIGNMENT SHEET #5

7. Add other features and darken lines

.

Directions: Construct a cavalier drawing of the following object. Depth axis is up to left
45°, ¢
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OBLIQUE
UNIT X

ASSIGNMENT SHEET #6--CONSTRUCT OBLIQUE
CIRCLES IN DEPTH PLANE

Premise: Oblique circles in depth planes can bﬁﬁﬂﬁucted by using the procedure in
the following example. In obligue drawings the depth #ihgle can be at any angle, usualiy 30",

60", or 45°.
b

Any Angle

Example:

1. Locate center of circle and lay out center lines at angle

desired \*

(NOTE: A 45° will be used in this example, but the
method is the same for all angles.)

2. Mark off radius points and box in, making sides parallel
to center lines N

1
v
V'




ASSIGNMENT SHEET #6

-

3. Erect perpendicular bisectors to each side until lines intersect
outside box; use these points as radius

-~

(NOTE: Little box indicates lines perpendicular to each
other.)

4. Swing arc from points where these lines intersect inside the '
box

S

>
5. Darken circle ellipse and erase construction lines ;é/

(NOTE: The same procedure is used for an ellipse nn the side plane.)




ASSIGNMENT SHEET #6

@
' 6. The same procedure applies to arcs; project perpendicular lines from the radius tangent
points

—
r V'

\
{

Closed Angle Closed Angle

Directions: Draw an oblique circle in the box below.

Problem A:

Directions: Use points indicated to draw arcs in #ngles below.
\

Problem B:

1T




OBLIQUE '
UNIT X !

! .
ASSIGNMENT SHEET #7.-CONSTRUGT AN OBLIQUE DRAWING IN'
THE CENTER OF A DRAWING SPACE

‘Premise: It is important that oblique drawinys be located somewhere near the center of the

drawing space that is available to allow room for dimensions, notes, and to add to the
neatness of the object. An oblique drawing can be constructed in the center of the drawing
space by using the procedure in the foilowing éxample,

Example:
1. Box in an oblique sketch of the overall dimensions -
of the object to-be drawn
/ v / ) »

3

U

-2 W

2. Find center of drawing space by using diagonals from
corners .

]




ASSIGNMENT SHEET #7

3. From the center of ihe work area, measure vertically
1/2 the height of the object (1 1/2" in this example)

4. At some angle down and to the-left, measure 1/2
the depth of the object (1" in this example)

6. At a horizontal direction to the right, measure 1/2 the
length of the object (2" in this example) .
S

6. Complete the shape of the box

3 ) )
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5 ASSIGNMENT SHEET #7 =

Directions: Center and construct the following oblique in the space below. Use dividers
and drafting machine to transfer dimensions,

[
Problem A:

-e

¢ a" :’:I‘)
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L4
L}

Directions: Center and construct a cavalier drawing of the following object on "A™ size
vellum with standard border and title block. Omit dlmensuons and erase construction h\nes
'f’"‘""‘

Problem B: MYy R _ I'"
IR

Ul L

< A
Directions: Centef and construct a cabinet drawing of the following object on "A" size

vellum with standard border and title block. Construct 45° up to right. Dimension drawing
and erase construction lines, ~ .

. \ L
Prob_lem C: *: :‘:}\ 1| ! } _r__|N _

T b : .
| | Ll ‘
| ! ' ST
| l | -

' ' ]
| l .
I |
L 1
1
1§ 014 ‘ 2 %R

Noar i
4
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OBLI&UE
UNIT X

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1

=

Assignment Sheet #2

8.




Assignment Sheet #7

N\




1. Match the terms on the right with their correct definitions.

OBLIQUE
UNIT X

NAME

TEST

To extend from point to another

Suggesting a picture or mental image

. To appear shorter to the eye than i1t actually

IS

. The lines used to represent where planes

come together

. The lines that run parallel with one of the

oblique axis lines

The lines that do not run parallel to one of
the oblique axis lines

A foreshortened circle with a major and
minor diameter

. A type of oblique drawing with all axis

lines drawn true length

A type of oblique drawing with the depth
axis drawn half scale and the other axis
lines drawn true length

A type of oblique drawing with the depth
axis drawn at any scale

A type of pictorial drawing with front plane
true size and parallel to frontal plane, the
other two at any angle to the front

2. List three types of oblique drawings.

10.

1.

General
Cavalier
Oblique
Cabinet
Foreshortened
Axis lines
Project

Oblique
lines

Non-obhque
lines

Ellipse

Pictorial

IS XNW |
™ i
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3

Identify the positions used as axis lines on oblique drawings.

~ 1
N— —. oo |
L K B g L)

sr | lans =
ANJG’} & J e

—_—
a ~ b.
ST A -
r/_/ 7 | | ~
—_ — | 90° ~N
: 90°/.i A) <— L ‘ANIGLE
{ ANGLE N |
L 1 N— — 4
c d.

Name the two most common positions used as axis lines.

b

Select true Statements concerning rules in constructing an obhique drawing by placing
an " X" in the appropriate blanks.

h.

All measurements are made parallel to the main axis edges of the obhque
axis hnes

Angles are measured by coordinate offsets

Hidden lines are always used on oblique drawings

[t 15n't necessary to center an oblique drawing

The concentric circle method 1s always used for drawing oblique circles
Aiways construct arcs before boxing in a circle

Face circles and contours toward the top plane of an obhque drawing,
rather than the front

Draw long objects with the long axis perpendicular to the line of sight
Keep all arcs and lines tangent to each other

Include the rear ellipse or circle of a hole if it 1s visible

o, -~

4 1w d




DI

‘ 6. Match common errors made in oblique drawing L)elow with their correct drawings.
™~ ______a. Wrong axis selected
b. Arcs not tangent
c. Line missing
d. Rear circle or ellipse omitted

e. Tangent lines omitted

f. Plane with the longest dimension not in front plane

7. List two methods of dimensioning an oblique.

a.

b.

8. Select true statements concerning rules in dimensioning an oblique drawing by placing
an "X" in the appropriate blanks.

a. Dimensions must aiways be put in by the unidirectional method

b. Use guidelines only for dimensions

¢ Dimension and extension lines should be parallel to the plane being

‘ T dimensioned

ol A

b v 7
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10

[N

d. Keep dimensions on object
e. Dimensions should be made to hidden surfaces
f. Dimension size of holes with notes and leaders

g. Keep dimension lines evenly spaced and not crowd:ng the drawing

Demonstrate the ability to:

d.

e

Sketch an obhque.

Construct an obhique drawing by box method.

Measure in obhique.

Construct angles on an oblique object.

Construct obhque circles.

Construct oblique circles in depth ;;Iam.-

Construct an oblique drawing in the center of a drawing space

(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)

Construct a cavalier oblique drawing of the object below in the space at right. Bagin
with point A and double dimensions with dividers.

{w’b T

Construct a cabinet oblique drawing of the object below in the space at nght. Begin
with point A and double dimensions with dividers.

"I."
‘“2,




10.

1.

s 7 g
b. 1N h.
c 5 i.
d 6 j.
e 8 k.
f 9
a. Cabinet
b. Cavalier
c. Genesal
a. Uptoleft
b. Downto left
c. Uptoright
d. Down toright
a. Uptoleft
b. Up to right

. a: b: h: il i
a 6 d.
b. 3 e,
c 2 f,
a. Aligned
b. Unidirectional
cfg

- Evaluated to the satisfaction of the instructor

OBLIQUE
UNIT X

ANSWERS TO TEST

W= N —

N -




PERSPECTIVE
UNIT XI

UNIT OBJECTIVE

After completion of this unit, the student should be able to list perspective types, identify
views, list types of equipment, and select the uses of perspectives. This knowledge will be
evidenced by correctly performing the procedures outlined in the assignment sheets and by
scoring 86 percent on the unit test.

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:
1. Match terms related to perspective with their correct definitions
2. List three types of perspectives.
3. |dentify the types of perspective views.
4. List three types of perspective equipment.
5. List the use of each type of perspective.
6. Identify the lines and points in a two point perspective.
7. Select true statements concerning the steps in sketching a one point perspective.
8. Select true statements concerning the steps in sketching a two point perSpecti\;:z.
9. Match terms with their correct letter designations.
10. Demonstrate the ability to:
a. Sketch a one point perspective.
b. Sketch a two point perspective,
c. Construct a one point perspective.
d. Construct a two point perspective. -

e. Construct curves in a perspective.

Lo FEY
[ T




PERSPECTIVE
UNIT XI ‘

SUGGESTED ACTIVITIES

Provide student with objective sheet.

Provide student with information and assignment sheets.
Make trimpannciu.

Discuss unit and specific objectives.

Discuss information and assignment sheets.

Have students do a perspective for building trades program.

Visit architectural delineator's office.

Give test.
INSTRUCTIONAL MATERIALS

I, Included in this unit:
A. Obijective sheet
B. Information sheet
C. Transparency masters
1. TM 1--Types of Perspectives

. TM 2--Perspective Views

2
3. TM 3--Perspective Equipment
4

. TM 4--Two Point Perspective
Overlay 4A--Two Point Perspective

5. TM 5-Perspective Terms

6. TM 6-One Point and Two Point Perspective Sketching
D. Assignment sheets

1. Assignment Sheet #1--Sketch a One Point Perspective

2. Assignment Sheet #2--Sketch a Two Pajnt Perspective

3. Assignment Sheet #3--Construct a One Point Perspective




4

4. Assignment Sheet #4--Construct a Two Point Perspective

5. Assignment Sheet #5-Construct Curves in a Perspective
- \

E.  Test
F. Answers to test
. References: e

A, Br:wn, Walter C. Drafting for Industry. South Holland, IL 60473: Good-
heart-Willcox Co., Inc., 1974

X

B. Goodhan, Jack J. and Jack J. Haysleft. Architectural Drawing and Planning.
St. Louis, MO: Gregg Division/McGraw-Hill Book Co., 1979.

C. Jensen, Cecil and Jay Helsel. Engineering Drawing and Design. St. Louis,
MO: Gregg Division/McG-aw-Hill Book Co., 1979.

i X2V
[ W)
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PERSPECTIVE
UNIT XI

INFORMATION SHEET {

Terms and definitions

A,

0

Perspective Pictonal drawing made by the intersection of the picture plane
with hines of sight meeting from points on the object to the point of sight

Delineation--Process of drawing pictures for display as opposed to making
detailed working drawings

One point perspective Has only one vanishing point and the frontal plane of
the object is parallel to the picture plane

Two point perspective Has two vanishing points

Three point perspective Has three vanishing points

c Y
Perspective grid Graph oriented method for making accurate perspec
tives without having to establish vanishing points and measure lines

Perspective board Has variety of scales and permits direct reading for layout
of perspectives

Horizon line Eye level of the person viewing the drawing and the line
on which the vanishing points are located

Ground hine Bottom of the object being drawn
Pictute plane Projection plane of the plan view of the object heing drawn
Station point Assumed plan view point representing the observer's eye

Vanishing point A point on the horizon at which receding parallel ines seem
to meet

Vanishing lines Lines of the object which meet on the varishing points

Visual ray hines- Lines of sight from selected ponts on the object which
pierce the picture plane on their way to the station point

Vertical measuning hine Part of the object closest to the person viewing the
obgect on which true heights are measured

Types of perspectives (Transparency 1)

A

B

One pomnt
Two pomnt .

Three pomnt

D1
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INFORMATION SHEET
\

1 Types of perspective views (Transparency 2)

A. Above horizon (Worm's eye v:ew.)
. B Henzon {Man's eye view)

C. Below horizon (Bird's ey€ view)

V. Types of perspective equipment (Transparency 3)
A. Grids '
B Board
C. Machine

° vV Uses of each type of perspective

A. One pomt--Repres‘ems the interior of an object
B  Two point--Represents the exterior of an object
C Three point-Represents the exterior of an object
Vi Lines and points in a two point perspective (Transparency 4)
Picture plane
Horizon line

Ground hine

A
B
C
D. Visualray hnes
E. Station point
F Vanush}ng point left
G Vanshing point right .
H. Vertical measuring hne
l.  Vanishing lines
Vil Steps in sketchmgda one point perspective {Transparency 5)
A. Take the object, block in a front view, and select a vanistung point

B  Sketch all receding lines 1 the vanishing point

C. Estimate the depth of the object and sketch in the back portion of the
object

- ' D. Use an artgum eraser to dim construction lines and darken in viible lines

ree, .,

¢ s,
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{ - %
INFORMATION SHEET
Steps in sketching a two point perspective (Transparency 5) 9
A Sketch the front corner of the object in the true henﬁn \\\
B. Locate the VPL and VPR on the horizon line =
R R
(NOTE: The distance to the horizan line may vary.) !

C Estimate the depth and width of the obsect
D Block 1n ali detail of remaining 1tems
{OTE Most lines will go to either the VPL or VPR.}
E U an artgum eraser to dim construction lines and darken in visible lines
IL is and :heur letter designations (Transparency 6) . [
A Picture plane -PP
B  Hornizon hine--HL .
C. Ground hine GL
D Vanishing hines VLU

€. Visual ray hines VRL

F  Vanishing points- VP

G Vanishing point left- VPL

H Vémshmg point nght- VPR

| Vertical measuring hine VML

J Station point SP




Typé of Perspectives

' \

Three P0| nt

Two Point

One Point

| Ground Line ~

\\%
/\

o




DI

o Perspective Views

VPL

~

| Below Horizon




D

o Perspective Equipment

INTERIOR T 117 -

Machines
Tektronix 4051 Graphics System Tektronix 4662 Plotter
E___j “: E_—=-sn g

e,

ERIC

Aruitoxt provided by Eic:




Two Point Perspective

<y
o

Picture Plane
\/ P ctur n

, -Visual Ray Lines

Vanishing Point Right '

Vanishing Point | Horizon Line \

Left
- v v //
pee=_Station Point_

. . . /
Vanishing Line ~ //
Vertical Measuring Line ,/Ground Line J’EIevationVie
2 P":;:J \ V: J’é

RICY

Full Tt Provided by ERIC.
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o Perspective Terms

Length of Building
Recorded on (PP)

Picture Plane (PP)\
Visual Ray Lines (VRL

Length
Station Point (SP

2 x Length Min.

Plan View

Height of Building
Recorded on Picture
Plane

Picture Plane

Visual Ray Lines ———e.

sp< Horizon Line (HL)
Ground Line (GL)
o Elevation

Length from Plan View

Picture Plane\
1
| 1-1 | Height from Elevation View
K ]

Picture Recorded on Picture Plane as Seen by Viewer

Vanishing Point Left {(VPL) Vanishing Point Right (VPR)

Vanishing Lines (VL)

‘ Vertical Measuring Line (VML)

Perspective

ERIC 7L




@ 'One Point and Two Point
Perspective Sketching

VP VP VP
+ ’
« %5 (Estimare PoLi
U et L e
> - ~ ‘. z < '..[. v
I O ‘@5 | 035
-
A B c D
VPL c VPR
'Y 1 Jad
‘A
+
. A . i True height
N\
8
AN
~ * M
N ;\D, _w .-~ NOTE: W and D estimated
N, , to look correct
B
VPL VPR
P _ L
C
VPL VPR
N - S g




’ PERSPECTIVE
‘ ‘ UNIT XI

ASSIGNMENT SHEET #1--SKETCH A ONE POINT PERSPECTIVE
Premise: A one point perspective can be sketched by using the procedure in the following

example. Refer to Transparency 6 if needed. VP
+

Example: -

1. Take the object, block in a front view, and select -
a vanishing point .
i

VP
.":*
2. Sketch all the receding lines to the vanishing point S
N
- ‘-4' . "
e gt
[ T N vt
Py
3. Estimate the depth of the object and sketch n the Ed:'";":"e S
back portion of the object prh . -,
- - .,
5 ,o Fr' )
’l -~ (J“' 1;
4. Use an artgum eraser to dim construction hnes and ‘
darken in visible lines .
- /7

/




ASSIGNMENT SHEET #1

Directions: Make a one point perspective of the following object.
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PERSPECTIVE
UNIT XI

ASSIGNMENT SHEET %2--SKETCH A TWO POINT PERSPECTIVE

Premise: A two point perspective can be sketched by using the procedure in the following
exampie. Refer to Transparency 6 if needed.

Example:

1. Sketch the front corner of the object in the true height

Vf_L ‘ A e .--,-Y-?R

*

\T}uo height

2 Locate the VPL and VPR on the horizon hine
(NOTE: The distance to the horizon line may vary.)

3. Estimate the depth and width of the object
veL VPR

s v

t

| _ N
\D\/W/

NOTE: W and D estimated
to look correct

4. Block in alt detail of remaining items

(NOTE: Most lines will go to either the VPL or VPR.}

i ! e e

5. Use an artgum eraser to dim construction hines and
darken tn visible line

~
]
S




882°

R

P

ASSIGNMENT SHEET #2

Directions: Make a two pomt@ecnve of the following object




PERSPECTIVE
UNIT XI

/

ASSlb'NME NT SHEET #3--COh}STRUCT A ONE POINT PERSPECTIVE

Premise: A one point perspective can be constructed by using the procedure in the following
example. A one point perspective illustration is included with this assignment sheet Yor
visual guidelines.

i
i

Example:

1. Construct the picture plarb near the top of the vellum

1.

(NOTE: Provide space for the plan view.).

Construct one plane of the object on the picture plane so it will be drawn in its true

size and shape; then complete plan view

Locate the station point far below to the left of right of the plan view

(NOTE: The visual ray lines that will enclose the object on an angle should not be

greater than 30°)
Construct the horizon line near the station point

Construct the ground line below the horizon line

(NOTE: Pravide enough distance betwqan ground line and horizon line for elevation

view.) <

Construct the bottom of the elevation view on the ground line at the left or right
4

side of vellum

Project a line from station point above to intersect horizon line

(NOTE: This wili provide the vanishing point.)

Construct lines from station to the corners of the plan view

Construct vertical lines downward where these lines intersect the picture plane

Project horizontal lines from the elevation view to |ntersectt\\¢e\v/m'1c)al lines from plan
view . -

.

Connect all points of intersection

(NOTE: Corners and t
formed.)

e one point perspective will now be

/’
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ASSIGNMENT SHEET #3

~

Directions: Construct a one point perspectrve on media recommended by nstructor
with standard borders and title block for the following problems.

Problem A: ‘ Problem B:

L
-l
iy
LI
2
E—

s 2 —|¢
- 1t
B -«i
; ‘
: s ,
-——— | ——
NP
1 . +
By ¥
'! ':'J b 4GL
H { JGL
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One Point Perspective

Plan Yiew -~
N NN __~Picture Plane

Horizon \ .

\ N
1N
&/\ Visual Ray Lines

N o
N \ /Vannshmg Point

g

\ —e—
| \\\
. / Staticn Point

Elevation View

Ground Line

e
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PERSPECTIVE
UNIT XI

ASSIGNMENT SHEET #4--CONSTRUCT A TWO POINT PERSPECTIVE

Premise: A two point perspective can be constructed by using the procedure in the fol-
lowing example. Refer to Transparency 4 if needed. .

E xample:

1.

10

Construct the picture plane near the top of the vellum

{NOTE: Prowide space for the plan view.)

Construct the plon view of the object so that the cerrer touches the picture plane
{NOTE: Rotailon should not be more than 30°%)

Locate the station point below and far enough i1n front of the picture plane

{NOTE: A short distance will give a d storted view. It should be above the elevation
view.)

Construct the horizon line near the station point
Construct the ground line below the horizon line

{NOTE: Prowide enough distance between ground line and honzon line for elevation

view.)
Y

Construct the bottom of the elevation view on the ground line

Construct paraliel lines parallel to edges of plen view from station point to intersect
picture plane

(NOTE: The included angle between these lines is 90°.)
Construct perpendicular lines from picture plane intersection to horizontal line
(NOTE: This will locate the two vunishing points for the perspective.)

Construct lines from corners of the object to station point piercing with picture
plane

<

Construct horizontal lines from corners of elevation view to vertical measuring line;
from these intersections construct lines to vanishing points

{NOTE These lines are the heights of the perspective.)

733'3

LV )
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1.

12.

13.

ASSIGNMENT SHEET #4

Construct vertical lines from picture glane to intersect vanishing lines
(NOTE: This represents the perspective box of the object.)
Proceed in the following order to cut out the box or find a point in the object.

a. Construct heights of the object in the perspective and then project to vanishing
points to form edges of a plan in the box

b. Construct a line from a point or cut to near edges of the plan view; then project
picture plane to the lines just drawn on the perspective, and then to the varishing
points o
(NOTE: Therr intersection is the end of cut or point.)

Proceed in the following order to find any true height not 1n the picture plane:

a. Construct a hne irom a pmnt not on the picture plane parallel to plan view
I'nes to the picture plane

H Project this line to the ground tine

¢ Project the height of the point from elevation view to intersect this line; from
these intersections project to vanishing point

(NOTE- This is the true height of the point in the perspective.)
Connect dll points of intersection

(NOTE. The corners and required shape of the two point perspective will then be
formed )

Directions. Construct two point perspectives for the following problems

Problem A Problem B-
; ~”
] I <(,
~ .
|
]
-2 e ¥
o —— 3 ———— >
%
R ¢
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f
he e
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Prohiem C
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PERSPECTIVE

‘ ~UNIT XI

ASSIGNMENT SHEET #5-CONSTRUCT CURVES IN A PERSPECTIVE

Prerrise: Curves can be constructed in a perspective by using the procedure in the following
examole. An illustration 1s included on the next page for visuai guidelines.

Example:

1. Refer to Assignment Sheet #2 for directions for construction of a perspective of an
object

2. Construct a square grid on the elevation and plan views
' 3. Construct this grid 1n perspective

4, Project horizontal lines to intersect in perspective from common poirts in plan and
elevation views

5. Connect the intersecting of lines in perspective with irregular curve or template to form
curve

Directions: Construct curves in a perspective for the following problem.

.
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ASSIGNMENT SHEET #5

\

/Plcture Plane
Ground Line

/Horizon

AN

,.//" Station Point

k>
7

D
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©

=

8 =
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=
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|

] v

]

|

Vertical Measuring Line




Match the terms on the right with their correct definitions.

. Pictonal

PERSPECTIVE
UNIT XI

NAME

Dt

TEST

Eye level of the person viewing the drawing
and the line on which the vanishing points are
located

Bottom of the object being drawn

Has only one vanishing point and the front®
plane of the object is parallel to the picture,
plane

Projection plane of the plan view of the
object being drawn

Assumeq plan view point representing the
observer's eye

Has two vanishing points

Lines of the object which meet on the van-
ishing points

drawing made by the intersec-
tion of the picture plane with lines of sight
meeting from points on the object to the
point of sight

Lines of sight from selected points on the
object which pierce the picture plane on their
way to the station point

Has three vanishing points

Part of the object closest to the person
viewing the object” on which true heights
are measured

Graph oriented method for making accurate
perspectiyes without having to establish
vanishing points and measure lines

Has variety of scales and perrmits direct
reading. for layout of perspectives

Process of drawing mctures for display
as opposed to making detalled working
drawings '

A point on the horizon at which receaing
parallel hines seem to meet

o

1.
12

13,
14.

15.

© ® © N o o &

Vanishing lines
Picture plane

Three point
perspective

Ground line
Delineation
Station point
Visual ray lines
Horizon line
Vanishing point

One point
perspective

Perspective grid

Two point
perspective

Perspective board

Vertical

easuring
line -

Perspective 7

L}
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2 L stthree types of perspectives, . .

d

e - —— —_ .
( e L o . N
3 {der fy the types of perspective views,
veL - - VPR
- HL . .
- - A—
of . I
-
b
>
vPL T e T VPR
> HL : — i
b . _ L

VvPL HL .

ML,

o L 3 i
4 Lo types of perspective eguipment

o e

b o e
( - —— ——r e -

Elk\l‘c L VI

A ruText provided by Eric .
’



(' 9. List the use of each type of perspective
‘ a,  Onepoint-
b Two point
c. Three point-- .

6. Identify the lines and points in a two point perspective,

a, f.

b. g.

Elevation View
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Aruitoxt provided by Eic:

Select trug statements concerning the steps in sketching a one point perspective by
pla&ing an " X" 1n the appropriate blanks.

a. Take the object, block 1n a top view, and select a vanishing point

b. Sketch all receding lines to the vanishing point

n

c. Estimate the width of the object and sketch in the front portion of the
object

d Use an artgum eraser to dim wsible lines and darken i construction lines

Select true statements concerning the steps in sketching a two point perspective
by placing an " X" in the appropriate blanks.

~a Sketch the front corner of the object in the true height

b Locdte the VPL and VPR on the picture plane

¢ Estimate the depth and width of the object

d Block in all detail of remaining items

¢ Use an artqum eraser to dim wvisible hnes and darken in construction hines

Match terms on the right with their correct letter designations.

____a PP {1. Honizoy jine
b HL 2 Grmm(‘l line
e VPL ’ 3. Vanishing point left
d V‘L 4‘.’ sStation point
|
s VPR 5. Visual ray hines -
b osp 6. Pictuge plane
L 7_q' VML 7 Vanishing ||ne_§ ~
.... h VRL N 8. Vertical measuring l'ne ‘
 GL £ * g Vanishing point nght
1 VP ’ 10 Vanishing points
,

&~
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P
‘ 10. Demonstrate the abiity to. {
[ ]
a4 Sketch a\one point perspective,

b Sketch a two point perspective,
¢ ¢ Construct a one point perspective.
d Construct a two point perspective,

i
e Construct curves if a perspective.

(NOTE. If these activities have not been accomplished prior to the test,
ask your instruc® when they should be completed )

n

° - 702
ERIC :

Aruitoxt provided by Eic:




10.

UNIT XI
ANSWERS TO TEST
a 8 i 7
b. 4 i 3
c. 10 k. 14
d 2 . n
e 6 m 13
.. 12 n 5
g 1 o. 9
h. 15
a. Onepoint
b. Two point

c. Three point

a. Horizon
b, Above horizon
c. Below horizon

a. Grids
b. Board
c. Machine

PERSPECTIVE

a. Represents the interior of an object

Vanishing point right

Station point

Honzon line

Vanishing lines

b. Represents the exterior of an object
c. Represents the exterior of an object
a. Visual ray lines f.

b. Picture plane g.

c. Vanishing point left h

d. Vertical measuring line .

e. Ground line

b

ac,d

a. 6 f. 4

b. 1 g 8

c. 3o h 5

d 7 i 2

e 9 j 10

Evaluated to the satisfaction of the instructor

X
-~

C

-~
o

2
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COMPUTER-AIDED DRAFTING
UNIT XIi

UNIT OBJECTIVE

After completion of this unit, the student should be able to operate a computer-aided
drafting system, store and retrieve programs from tape, operate a digitizer, and construct
multi-view drawings on the plotter usiry; BASIC. This knowledge will be evidenced by
correctly performing the procedures outlined in the assignment and job sheets and by
scoring 85 percent on the unit test.

SPECIFIC ORJECTIVES

After completion of this unit, the student should be able to:

i
2.

Match CAD equipment terms with their correct definitions.

Match CAD terminology with their correct definitions.

L.st hardware used in a CAD system.

Distinguish between input arid output devices in a CAD system.

Match BASIC operator symbols or words with the correct descriptions.

Match BASIC statement words used for programs on tape with the correct func-
tions.

Match BASIC statement words used in graphics with the correct tunctions.

Select true statements concerning operating a Tektronix CAD system.

Demonstrate the aoility to:

Program in BASIC using a micro-computer as a calculator.
Create drawings on a micro-computer using plot method.
Construct a two-view drawing using straight line statements.

Construct a two-view draw.ng using straight line, circle, and hidden line
statements.

Start up and shut down the available CAD system.
Load from and store onto tape a program.

Operate a digitizer tablet.

AL
[ W
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COMPUTER-AIDED DRAFTING
. UNIT XII

SUGSESTED ACTIVITIES

l. Provide student with objective sheet.

. Provide student with information, assignment, and job sheets.

1. Make transparencies.

V. Discuss uni. and specific objectives.
V. Discuss information and assignment sheets.
VI. Demonstr ‘e and discuss the procedures outlined in the job sheets.
VII. Take students on a field trip to visit an industry that has a CAD or I1GS
system.
VIIL. Survey class to determine how many students have previous typing experience,

This is very helpful when working with computers and CAD systems.

IX. Demonstrate keyboard operations and BASIC on Radio Shack TRS-80, Apple
computer, or similar micro-computers if equipment is available.

‘ X. Have students perform activities on job sheets before assignment sheets are
started.
XI. Give test.

INSTRUCTIONAL MATERIALS

l. Included in this unit:

A. Obijective sheet

B. Information sheet

C. Transparency masters

1. TM 1-Com.puter-Aided Drafting System --Micro-Computer

TM 2 -Computer-Aided Drafting System --Large Coinputer
TM 3--BASIC Statement Parts
TM 4--Graphic Computing System
TM 5--Digital Plotter

o 0 s Wb

TM 6--Digitizer Tablet




D. Assignment sheets
. -+ Assignment Sheet #1--Program in BASfC Using a Micro-Computer As a
Calculator
2. Assignment Sheet #2--Create Drawings On a Micro-Computer Using
Plot Method
3. Assignment Sheet #3--Construct a Two-View Drawing~ Using Straight
Line Statements
4. Assignment Sheet #4--Construct a Two-View Drawing Using Straight
Line, Circle, and Hidden Line Statements
E. Answers to assignment sheets P
F. Job sheets
1. Job ~heet #1--Start Up and Shut Down the Available CAD System
2. Job Sheet #2--Load From and Store Onto Tape a Program
3. Job Sheet #3--Operate a Digitizer Tablet
G. Test
H. Answers to test
References: -
A. Brown, Walter C. Drafting for Industry. South Holland, lllinois 60473:
Goodheart-Willcox Co., Inc., 1974. .
r
B. Demel, John T., and Robert A. Wilke. Computer Graphics. College Station,
TX 77840: Creative Publishing Co., 1976.
C. Level Il BASIC Reference Manual. Fort Worth, TX 76102: Radio Shack,
1979.
D. Plot 50 Introduction to Programming in BASIC. Beaverton, OR 97077:
Tektronix, Inc., 1978.
E. Sutherlin, Tom. Computer Aided Design and Drafting. Mimeographed.
Lawton, OK, 1980.
F. Giloi, Wolfgang K. /nteractive Compute: Graphics. Englewood Cliffs, New
Jersey 07632: Prentice-Hall, Inc., 1978. .
G. Peckham, Herbert D. Programming BASIC With the T/ Home Computer. St. .
Louis: McGraw-Hill Book Co., and Texas Instruments, Inc., 1979,
H. Van Hoy, Andy. Interactive Graphic Systems Software Program. Mimeo-

graphed. Lawton, OK, 1980. -
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COMPUTER AIDED DRAFTING
UNIT XII

INFORMATION SHEET

I CAD equipm: ¢ terms and definitions

A  Computer-aided drafting (CAD)--Process system used in designing indus-
v trial products and the production ®f graphic drawings with the aid of the
computer and its related input and output devices

(NOTE: This system is often called the Interactive Graphics System--IGS.
In this unit the computer-aided system will be referred to as CAD.)

B Cathode ray tube (CRT)--A TV like display that can be a storage tube,
plasma display, or refresh tube display

C Computer--An electronic information-handling machine capable of perform-
ing arithmetical calculations and making logica! decisions under the control
of programs H

D. Central processing unit (CPU) -The part of a computer system contain:
ing the system's arithmetic, . ogic, primary storage. and controls of input and
output peripheral devices

E. Peripheral devices Vartous devices that are used in the CAD system in which

‘ data 1s 1nput, stored, retrieved, and output from the CPU
(NOTE: These devices are external to the CPU.)
. r F. Micro-computer--Small, inexpensive computer that has a CPU and one or
vl more input/output devices

G. I@yboard console--An input device, consisting of ASCII character keys,
g nurfieric keys,. and math function keypad used by the computer operator
before, during, and after running programs

H. Plotter-Ar X-Y type output device, usually drum or bed form, that pro
duces line drawings on paper with a pen controlled by instructions from CPU
or tape controller

. I.  Manual digitizer-An input device where digit or XY points are lo.ated
by positioning the free moviag cursor Or stylus on an electromagnet ¢ grid

embedded 1n the digitized hoard

J Free moving cursor--Contains a sensing coil cannected to the dugptizer
control used for sighting a drawing coordinate X-Y points on the digi-
tizer

K. ' Stylus -Used to locate coded programs of X-Y points by pressing at the
point of drawing line intersect on digitizer baard and input to CRT

L Digitizer tablet An input device using stored graphic symbols in the CPU
‘ where a designer uses a hight pen, stylus, or free moving cursor by positioning

on tablet for each symbol to create a drawing on CRT




INFORMATION SHEET
Light pen--An input device used with a refreshed-picture display to create
various edges, contours, or other features in a photographic image
Automated digitizer--Utilizes a television camera on an automated drafting
machine to follow the line being digitized for output digits according to

stored information in CPU

Line printer--An output device that prints one line of character information
at a time from CPU

Hard copier--An output device that forms graphic and character images
by electronic signals on paper from CPU

Flexib.¢ disk--An oxide-coated plastic disk enclosed in a protective covering
that can be used for storage of data Ve

INOTE T'us i1s commonly called a floppy disk.)

Magnetic tape -Medium on which data is recorded in the form of magne-
tized spots on the surface of magnetically sensitive coated tape

Joy stick- Used as a graphic input and cursor positioning device to the CRT
and CPU 1

CAD terminotogy and definitions

A.

*O

Program--Step by step instructions which cause the computer to solve a
problem

Computer language--A set of mathematical commands such as add, divide,
or multiply, or functional commands to “store in memory," "delete," or
"draw“

Beginners All-purpose Symbolic Instruction Code (BASIC)--A symbolic
English-like programming language

FORmula TRANsiation (FORTRAN)-A high tevel algebraic and logical
lanquage used in engineering and graphic systems

COmmon Business Oriented Language (COBOL)--A higher-level source
programming lapguage designed to process large files used by business

File--Collection of related data treated as a unit
Data--Facts of alt kinds

Input--Data that is transferred to the CPU from an external peripheral
device

)
Qutput--The results gbtained from the CPU and transferred to a periph-
eral device

LRI
.
b
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INFORMATION SHEET

American Standard Code for Information Interchange (ASCIl) Used as a
standard code of alphanumeric characters, symbols, and special control
characters

Graphics--Computer output that is composed of lines rather than letters,
numbers, or symbols .

Alphanumeric--The set of letters A-Z, the numerals 0-9, and various punctua
tion marks and special characters

Software--Prepared programs that simplify CPU operations that cause
hardware to function

Hardware--Any physical equipment that is a part of the CAD system

Interface--The interconnecting methods or devices used in the CAD hardware
system

Example: RS 2321 interface
K--Symbol denoting 1024 bytes of storag;z

Machine language--A programming Ianguzg;e that can be interfaced directly
by the internal circuitry of the computer

Routine--A sequence of instructions to carry out a certain function

Statement--A complete instruction in machine language such as BASIC or
FORTRAN .

ariable -A quantity that can take on any of a given set of values

Ctrsor--Flashing rectangular dot or cross hair that indicates the cirrent
position on the screen

Read only memory (ROM}. That portion.of the systern memory that cannot
be changed and may be read but not written

Random access memory (RAM) -Memory available to the user for writing
programs and storing data -

Digit- Any number from 0 through 9

Bit Binary digit, the smallest unit of information that can be recognized by
acomputer

(NOTE: This will always be a O ora 1)
Binary code Two-digit numbering system composed of only 0 and 1

Byte Unmit of computer memory, made up of a spectfied number of bits,
which can represent any digit, letter of alphabet, or special character

Chips -Mimiatunized integrated circuits which compose ROM memory

75y
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INFORMATION SHEET
CC. Compiler-A computer program used to translate high-level source language
programs into machine language programs
DD. Menu--Graphic svmbols or information arranged in software to be retrieved
at some later time
EE. Resolution--A measure of the number of separately addressable positions on
the coordinate grid
Example: |f a 10 inch display has 1023 addressable points along each
X-Y axis, the resolution is 1023/10 or 102.3 points per inch
FF. Raster scan--A CRT scanning system where the electron beam moves hori
zontally across all X values first at each Y level, moving down each Y level
until the screen is scanned
1. Hardware used in a CAD system (Transparencies 1 and 2)
A. CPU
B. CRT ¢
C. Keyboard console
D. Plotter
E. Manual/Automated digitizer
F. Hard copier N
G. Line printer
/ 1
H. Free-moving cursor/stylus/light pen
v
I.  Joystck
J Magnetic tape or flexible disk drives
v Input and output devices in a CAD system (Transparencies 1 and 2)
A.  Input
1. CPU
2. Dugitizers
) 3. Keyboard cunsole
4. Plotter
(NOTE: A joy stick and an X-Y beam are used on some plotters.)
e ST
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‘ INFORMATION SHEET S
- ¢ 5. Light pen
6 Card reader
,' B Output )
{ 1:(%’Iotter *
2. Line printer
3. Hard copier
4. CRT
¢
5. Cursor/stylus/light pen
6. Joy stick
7. Magnetic tape or flexible disk drives
8. CPU
9. Magnetic drum
. (NOTE: Some devices are both input and output.)
Vv BASIC operator symbols or words and descriptions (Transparency 3)
\ SYMBOL/WORDS DESCRIPTIONS
¢ A ' Left parenthesis
B. SIN, COS, TAN Functions
C. +and- Monadic Changing sign
D. ¢ Exponentiation
E . Multiplication
F 7/ Division
G. + Addition
H Subtraction
. Min or Max Comparative
J. <« Less than
K. > Greater than

. L. 2= Greater than or equal to
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’ - ’ _INFORMATION SHEET )
SYMBOL/WORDS DESCRIPTIONS
M. <= Less than or equal to
‘N. <? Not equal to
0. = Equal to
VI. BASIC statement words used for programs on tape and functions
STATEMENT WORDS FUNCTIONS
A. Find Positions tape at beginning of desired
) file -
B. Mark Creates on tape one or more files of de-
sired length
C Save Causes the entire program currently ’
in memory tp be stored on tape
D B Save Stores memory on tape in binary code
£, Old Retrieves program on tape back into
memory
{
F. Bold Retricves program on tape In binary
code back into memory
(NOTE: C system must be equipped
with binary Toader ROMpack.)
G T List Determines on CRT screen how manyg,
files exist on tape '
H  Append Enables changing or add-on routines
: to programs on tape that are in memory
3
(NOTE. These statements and functions are for the Tektronix graphic
system.)

Vil BASIC statement words used in graphics and functions (Transparency 3)

STATEMENT WORDS

A. Draw

B. R Draw

FUNCTIONS

Produces a visibte line between the
last position of the cursor and the
X-Y coordinates specified

Produces a wvisible line to a lecation
which is relative to its present position

Py
1 ¢ -
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Aruitoxt provided by Eic:

Vit

Opmatmg.a Tektromix CAD system

A

B

-
. - s <
INFORMATION SHEET ' ' :
STATEMENT ! FUNCTION
Move . Aliows ~ moving cursor on the screen

without making a hne with X Y coordi-
nates specified '

R Move Allows moving the cursor to a location
which s relative to its present position
without making,q line

Rotate . Produces bn angular displacement in
the orientatlon of relative rhoves and
draws ;o
Window Allows sdlecting whatever portion of
' user data space you want to see on
the sgreen
View port ) t  Allows using a desired portion of the

screen in a window

Scale - Ratio of user data unmits per graphics
display umit (GDU)

Axis . Drawws a horizontal and vertical line
through point of ongin in the user

data 570 y
[}
(NOTE These statements and “functiods are for the Tektronix graphic
system.)

+ N

.

Do not take the tape arrow off SAFE unless yoy intend to record ot 1t

Do not type in FIND 1 on a r v blank tape uhless the tape has been re
wound ard MARK 1 entered .

.
-

Do not operate computer when an electrical storm 1s m area because the
memory may be erased -

Memory will be erased if power 's turned off while program is 1n memory
Do not grab pers while the plotter 1s running ’
Press LOAD key if you need to stop plotter

Keep cap on plotter pens when not in use

“If screen is full and a flashing F s in upper lott corner, press HOME/PAGE
key ,

73
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Cemputer-Aided Drafting Sysizm
Micro -Computer

CPU

~
Magnetic Tape Slot

Tablet Control

Pl ey
= \-~‘~;1-*" =)
e
e

\ Digitizer Tablet

Line Printer
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-

Computer-Aided Drafting System
Large Computer
Tape Drive omputer Storage

Drum Plotter

Digitizer
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Basic Statement Parts
—LINE NUMBER
All Statments
Must Have
a Line Number FAMmetic Operator

120 LET A -=B-C

L TNumeric Expression

Rational Operator

— Alphabetic Variable

—STATEMENT WORD
Some may be Abbreviated to 3 Letters

ERIC  77C o - Sk
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Graphic Computing System
Tektronic 4051

CRT
Graphic Display Magnetic Tape Slot BUSY-Light .
Unit ~ VO -Light
, \ Power-Light 20 -
X EJECT - tape

Central Processing Unit X—oh
L AUTO LOAD
e e i ~ REWIND
USER DEFINABLE N
Keys MAKE COPY
(1-10&11-29)

- S 10 Key Numeric

128 ASCll Keys Sy S 5 Math Function

Upper - Lower Case Key Pad
\
Line -Character Stop Program .
Edit Keys Power Switch
Auto Number

Note: Refer to User's Manual for Operating Procedures




’. 12 .
. ‘ .
\ .
\ .
”

Digital Plotter
Tektronic 4662

‘ ' Micro Processer Based
B Size Drawing Format v\‘

Power Switch

X-Y Axis Beam
Load N
Local Pen Holder
* Pe

Joy Stick

Upper Right Set

Note: Refer to User's Manual for Connecting up System




»

Digitizer Tablet

Tablet Control

/ Power Switch
Remote : '

Point Tablet Board

Stream

Clear

Incre

Origin”
»

Stream Free-Moving Cursor or Stylus

»

Note: Refer to User's Manual for Connecting up System



COMPUTER-AIDED DRAFTING
* UNIT XII .

. ASSIGNMENT SHEET #1.-PROGRAM IN BASIC UglNG A MICRO-COMPUTER .
. AS A CALCULATOR .

Premise: Prograrnming computer graphics problems must begin with the execution of dis-
covery type activities found in micro-computer manufacturer's reference manuals. The
following example and problems are activities in arithmetic operations using print and input
statements. ’

Example: 3
1. Use the fol'éwing chart and formulas for measurement of electricity in residential
construction “
w Power Watts
E Voltage Volts * .
| Current Ampere N

Formulas: W= E*lor | = W/E or E = W/I
2. Turn computer on . ‘

(NOTE: Refer to manufacturer's manual for turning computer on, using special
function keys, error messages, ahd editing statements.)_

A
3. Typein the following program for calculating amperage

10CLS * Clears screer
20 REM To calculate amperage with current and
. voltage given *

Remarks statement
30 PRINT "ENTER TOTAL WATTAGE OF APPLIARCES IN WATTS."
40 INPUT W
50 PRINT "ENTER TOTAL VOLTAGE OF SYSTEMS IN VOLTS."
60 INPUTE
701 =W/E .
80 PRINT "THE AMPERAGE IS: ";1;" AMPS."
90 END

(NOTE: If you make mistakes while typing in the program, either retype the_
line or correct it by using the method outlined in the manufacturer's manual.)’

4. Typein RUN ! .
{NOTE: "ENTER TOTAL WATTAGE OF APPLIANCES IN WATTS. " will now
appear.) :

5. Typein 1200 watts and press ENTER key

(NOTE: "ENTER TOTAL VOLTAGE OF SYSTEMS IN VOLTS." will now
appear.)

755




6. Typem 120

(NGTE: "THE AMPERAGE IS 10 AMPS" should now appear.)

ASSIGNMENT SHEET #1

7. Press the BREAK key and typein RUN’

8. Now you are ready to add other voltage and wattage values for wattage cal

culatlons

.

.

Directions: Solve for unknown values i an electncal system by wrmng the programs
and substituting the known vajues.

. Problem'e:

Problem B: ¢

5

|

—
w

.

W E
1600 %120

80U 120
2400 120
<« E l

120 7

. )

120 35

120 15

-t
-
(G
o~}

\?



COMPUTER-AIDED DRAFTING
UNIT XiI

~ ASSIGNMENT SHEET #2-CREATE DRAWINGS ON A MICRO-COMPUTER
USING PLOT METHOD

Premise: No sttempt is made to teach graphics programming in BASIC in this assignment
sheet. There are many books on the market sboutCgraphics. Your instructor will help
you in learning programming. The example given is for using the statement SET(X,Y) in
creating lines and geometric shapes. This technique makes use of a numbered grid of 6144
tiny rectangles arranged in 48 rows of 128 columns. T

Exampie:

-

1. Turn the coinputer on

2. Type’ in the program listed below and press the ENTER key after each line

10CLS . - Clears screen
20X = 64 Column

(NOTE: Use manulgcturer's video display worksheet.)

30Y =30 Row .

40 SET(X,Y) Turns on point 64, 30
64,30)

200 END - (64,30

3. Typein RUN and press the ENTER key

4. Use the SET statement to Wraw a series of straight lines to create a square using
the FOR-NEXT LOOP ) .

5. Type in the program listed below for top line of squace -
10CLS .
Y will always be 20 for this line

20Y=20 .
30 FORX = 54 TO 73 FOR NEXT LOOPS will set each point from
54, 20 through 73,20  © ..

40 SET(X.Y)
50 NEXT X
60 GO TO 60
70END o
TOP

RUN To see top line

(NOTE: If you make mistakes whiie typing in the program, ei.thef retype the line
or corrént it by using the method outlined in the manufacturer's manual.) .

(c



ASSIGNMENT SHEET #2
Clear the screen using CLS command and type in LIST

[ ]
. Continue with program listed below

60X=X 1 Positions X on column 73
70FORY=20TO 39

80 SET .Y) <

90 NEXT Y Right side line

100Y=Y 1 Positions Y on row 39
110 FOR X =72 TO54 STEP 1  Makes line go backward
120 NEXT X X ends at 55 bottom line

130 X = X +1: FORY =38 TO 21 STEP 1: SET(X,Y): NEXT Y

left side :
(NOTE: Multiple statement lines can be put on one line as shown in line 130
by adding colons.{

140 GO TO 140
150 END

Check and correct progran for errors

Video display should look like the following figure after typing in RUN

(NOTE: !t looks taller than wide because the lighted points are rectangles.)

Directions: Write and make a video display drawing of the problems given.

Problem A: A square with the sides of 15 point length and the starting point at 20, 10.

Problem B: A right triangle with left side and bottom side 10 points in length.




COMPUTER-AIDED DRAFTING
UNIT XII .

ASSIGNMENT SHEET #3--CONSTRUCT A TWC-VIEW
DRAWING USING STRAIGHT LINE STATEMENTS

Directions: Use the following procedure on a CAD system to construct a two-view drawing.
(NOTE: Refer to Job Sheet #1 if CAD system has not been started up.)

A. Typein the statements of the following figure

25
F———l.S———‘j
() h
clec
o 1.28 0| |
d T L K
e] 50
1
N f N J
) 20 ‘
. 4 INIT 4 is used for #1 user-definable key
5Q=32 32 addresses CRT screen
6 GO TO 100
. 8 INIT 8 is used for #2 user-definable key
9 Q=1 1 addresses plotter
10GO TO 100
100 PAGE clears screen
110 MOVE @ Q:0,0 sets origin in lower left corner
120 Scale 0.1,0.1 changes to inch measurement
125 REM John Doe remark statement |
130 MOVE @ Q:11 moves from origin xy distance to start line’d
140 RDRAW @ Q:0,1.25 constructs line a
150 RDRAW @ Q:1.5,0 lineb
160 RDRAW @ Q:0,-.75 line c
170 RDRAW @2 Q:1,0 lined
180 RDRAW @ Q:0,-.50 line e
190 RDRAW @ Q:-25,0 line f
200 RMOVE @ Q:4.5,0 moves to start line g
210 RDRAW @ Q:0,1.25 line g
220 RDRAW @ Q:1,0 lineh
230 RDRAW @ Q:0,-1.25 line i
240 RDRAW @ Q:-1,0 line j
250 RMOVE @ Q:0,.5 moves to start line k
260 RDRAW @ Q:1,0 line k
270END end of program

) (NOTE Check with instructor on statement syntax errors or refer to manufac-
‘ turer’s programming manual.)
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ASSIGNMENT SHEET #3 ’

Press USER DEFINABLE key 1
Check drawing on screen for errors

(NOTE: To check for program errors, press HOME/PAGE ke;l and type in
LIST.)

If drawing is correct, press USER DEFINABLE key 2

(NOTE: Remove pen cap if needed before pressing USER'DEFINABLE key
2)
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DI

ASSIGNMENT SHEET #4--CONSTRUCT A TWO-VIEW DRAWING USING
STRAIGHT LINE, CIRCLE, AND HIDDEN LINE STATEMENTS

Directions: Use the following procedure on a.CAD system to construct a two-view drawing.

A. Type in the routine statements of the figure below and complete missing statements

., S

, N>

INFT

my4

[- == 4

Q=32 3,3

GO TO 110 3 .
NIT :
Q=1
10 GO TO 110
110 PAGE
120 MOVE @ Q:0,0
130 SCALE 0.1,0.1
140 SET DEGREES
150 REM JOHN DOE
160 MOVE @ Q:3,3
170 RDRAW @
180 RDRAW @
190 RDRAW @
' 200 RDRAW @
210 RMOVE @
220 RDRAW @
e
e
e

s -

0,
3,
0,
-3,
50
03
1,0
0,

:0,3
:3,0
:0,-3
3,0
230 RDRAW
> 240 RDRAW -3
250 RDRAW 1,0 -
260 RMOVE @ Q-3.5,1.5
270 REM Beginning of Circle
280 Let R =0.75
200GIN@Q:AB

300 RMOVE € Q:R,0
310 For | = 10 to 360 STEP 10

320 DRAW@ Q:RCOS({l) * A,RSIN(l)*B
330 Next |

340 RMOVE © Q:-2.50,0

350 REM Horiz Center Line

360 RDRAW € Q:1.55,0

(eJoJoJeleloloYo o]

o
w

370 RMOVE € Q:0.1,0
380 RDRAW @ Q:0.2,0
390 RMOVE € Q:0.1,0

e | o

For construction arcs and circies

Center of circle

Radius of circle

Constructs 36 side polygon along
path of circle



ASSIGNMENT SHEET #4

400 RDRAW @ 1.55,0 P

410 REM Vertical Center Line

420 RMOVE @ Q:-1.75,-1.75 -

430 RDRAW @ Q:0,1.55 . C.
440 RMOVE € Q:0,0.1

450 RDRAW € Q:0,0.2

460 RMQVE € Q:0,0.1

470 RORAW @ Q:0,1.55

480 RMOVE @ Q:3.25,-1.75

490 REM Right Horiz Center Line

500

510 ¢

520
530
540
550 REM Beginning of hidden line a
560 RMOVE € Q:-1.25,-0.75

570 For | = 1 to 5 Step 1 8 steps in 1 inch Lt
580 RORAW € Q:0.1,0 Dash 0.1 long

590 RMOVE € Q:0.1,0 Space 0.1 long

600 Next |.

B. Press USER DEFINABLE key 1 to check drawing for errors on screen

C. i drawing is correct, press USER DEFINABLE key 2 for plotter to make drawing



COMPUTER-AIDED DRAFTING
UNIT XII

ANSWERS TO ASSIGNMENT SHEETS

Assignment Sheet #1
A. ’ 13.333 amps
6.666 amps
20 amps
B. 840 watts
420 watts
1800 watts

Assignment Sheet #_2

A. 10CLS20Y = 10: FOR X = 20 TO 34: SET(X,Y): NEXT X
30X=X-1: FOR Y=11 TO 34: SET (X,Y): NEXT Y
40Y=Y-1: FOR X=33 TO 20 STEP 1: SET (X,Y): NEXT X
50X=X+1: FOR Y= 23 TO 11 STEP 1: SET (X,Y): NEXT Y

60 GO TO 60
70 END

8. 100CLS

110 X =60
120 FORY =18 TO 27 .
130 SET(X,Y) Draw the left side
140 NEXT Y
150 Y = 27
160 FOR X =60 TO 69
170 SET(X,Y) Draw the bottom
180 NEXT X )
190 X =60: Y =18
200 FORN=1TO 10 .

- 210 SET(X,Y) . Draw the hypotenuse
220X =X+1: Y=Y +1
230 NEXT N
240 GO TO 240
250 END




ANSWERS TO ASSIGNMENT SHEETS

PLOTTED HYPOTENUSE VALUES

N, X Y

1 60 18

2 61 19

3 62 20

4 63 21 -

5 64 22

6 656 23

7 66 24

8 67 25

9 68 26

10 69 27

Assignment Sheet #4
500 RORAW @ Q:0.55,0

510 RMOVE € Q:0.1,0
520 RDRAW @ Q:0.2,0
530 RMOVE € Q:0.1,0
540 RDRAW @ Q:0.55,0

610 REM BEGINNING OF HIDDEN LINE b
620 RMOVE®Q: -1,15

630 FOR | =11t0o5Step 1

640 RORAW @ Q: 0.1,0

650 RMOVE € Q:0.1,0

660 Next |

Yy, "




COMPUTER-AIDED DRAFTING
UNIT XII

JOB SHEET #1--START UP AND SHUT DOWN THE
AVAILABLE CAD SYSTEM

(NOT:  The job sheets in this unit are written using a Tektronix graphic system |f other
equip 0 tis used, the procedures will need to be changed.)

I Tools and equipment
A. Sheet of B size vellum
B TektronixR 4051 graphics computer
C. TektronixR 4662 digital plotter
D. 3MR DC300A 1/4" data cartridge tape or equal
I Procedure (Transparencies 4, 5, and 6)
A. Start up 4051 graphics computer
1. Turn power on
' 2. When screen is totally glowing, press HOME/PAGE key
. B  Start up 4662 plotter

1. Check to see if interface cable is connected towplotter and graphics
computer properly

2. Turn power on
3. Press down LOAD key
4. Insert vellum and smooth out air bubbles under vellum

(NOTE: Do not tape vellum to bed surface because plotter holds
vellum to surface electrostatically.)

5. Depress LOAD key
(NOTE" To remove vellum, press LOAD key.)

6. Use joy stick to move pen to lower left corner of desired drawing
area and press LOWER LEFT SET until tone is heard

7. Use joy stick to move pen to upper right corner of desired drawing
area and press UPPER RIGHT SET until tone 1s heard

‘ 8. Enter program in graphics computer

Ptyre
‘ \}L/
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JOB SHEET #1

C  Shut down system

1.

2.

Turn power off digitizer tablet control
Turn power off plotter

(NOTE: Cap must be on pens.)

Press HOME/PAGE key on graphics computer
Eject magnetic tape if in slot

Turn power off graphics computer

"I.‘-'
[ IRVRN
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COMPUTER-AIDED DRAFTING
UNIT XII

JOB SHEET #2--LOAD FROM AND STORE ONTO TAPE A PROGRAM

| Tools and equipment
A 1/4" magnetic data cartridge tape
B. Tektronix R 4031 graphics computer
i\ Procedure
A. Load from a tape a program into memory
1. Turn power on graphics computer
(NOTE: This is necessary if power has not been turned on.)

2. Using your right hand, grasp the cartridge with your thumb on the
plastic side and insert the tape into the magnetic tape slot

{(NOTE: Arrow should be turned to safe mark on plastic side at all
times except for storing a program on tape.)

3. Typein FIND 1, 2, or 3 etc. and wait until BUSY light is off

{NOTE: File number where program is stored.)

P R
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JOB SHEET #2 .
4. Type n OLD and wait until BUSY light is off and tlasting cursor
appears in upper left corner of CRT screen

(NOTE" This is to read program from tape into the memory.)

5 Typein RUN to execute the program in memory
8. Store 6nto tape a program in memory
1. Set the magnetic tape cartridge SAFE mark arrow to OFF position

© 2. Type n TLIST to show on CRT screen hile numbers and new file
number :

3. Insert magnetic tape cartridge into tape siot

4 TypeinFIND 1,2, orictc. and wait until BUSY light s off

5 Typein MARK 1:.SPA and wait until BUSY hight is off

(NOTE. The tape will be marked one file length long enougyh to store
the program space.)

6 Typein FIND 1,2 or 3 etc and wait untii BUSY hight s off

(NOTE: This moves the tape back to beginning of new hile number
where program will be stored.)

7 Type in SAVE and wait until BUSY lightis off
8. Eject tape cartridge and turn arrow to SAFE mark
C  Store onto new blank tape

1 "}“‘” new magnetic tape cartrnidge into tape slot with SAFE mark
arrow to OFF position

2 Press REWIND key

1
INOTE Do not type mnn FIND 1 brecause there is not a hie number
and tape will unwind off reel.)

3 Typein MARK 1, SPA
4 Typewn FIND1

(NOTE Now You are ready 1o store a proyrdm on tape )

"l.l'
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COMPUTER-AIDED DRAFTING
. UNIT XII

JOB SHEET #3- OPERATE A DIGITIZER TABLET

Tools and equipment
A. TektronixP 4051 graphics computer
B. Tektronix R 4956 graphics tablet

C  Graphics tablet support software tape cartridge

Procedui. !

A Check for proper connection of the tablet and graphics computer
* (NbTE. Refer to user's manual for proper connections.)

B  Turn power on system

O

Insert tablet support software tape

o

Press AUTO LOAD key to display MENU
L
.

E. Select PEN DISPLAY ONLY program for this procedure

F. Typein number of program and press RETURN

L S

G. Press POINT on tablet control .

H Set ORIGIN by press and hold ORIGIN button, then press pen on the
tablet surface at the desired origin

| Release ORIGIN button '

’
"_n

J  Select display by typing in "g" for graphit display or "a" for coordinate
dispiay

K. Move per to lower left corner of digitizing window and press once
J

L “Move pen to upper right cornet of digitizing window and press once

M To digitize, begin moving and pressing pen at desired locations

N  Program halts when USER DEFINABLE key 3 is pressed and the last point
entered

O To START program, type in RUN

P. Obtain MENU by pressing AUTO LOAD

300
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COMPUTER-AIDED DRAFTING

UNIT XI-

NAME

TEST

a. Process system used in designing industrial

products and the production of graphic
drawings with the aid of the computer and its
related input and output devices

. A TV like display that can be a storage

tube, plasma display, or refresh tube display

. "An electronic information-handling machine

capable of performing arithmetical calcula-
tions and making logical decisions under the
control of programs

. The .part of a computer system containing

the system's arithmetic, logic, primary stor-
age, and controls of input and output periph-
eral devices

. Various devices that are used in the CAD
‘system in_which data is input, stored, re-

trievew, ana output from the CPU

. Small, inexpensive computer that has a
CPU and one or more input/output devices

. An input device, consisting of ASCII charac-

ter keys, numeric keys, and math’ function

'keypad used by the computer operator

before, during, and after running programs

. An X-Y type output device, usually drum

or bed form, that produces line drawings
on paper with a pén controlied by instruc
tions from CPU or tape controller

An input device where digit - <Y points are
located by positionjng the frex-moving cursor
or stylus on an electroinagnetic grid embedded
in the digitized board

Contains a sensing coil connected to the
digitizer control used for sighting a drawing
coordinate X-Y points on the digitizer

) 8

81

1.
2.
3.

10.
1.
12.
13.
14.
15.
16.

“47.
18.

19.

© ® N o o

Match CAD equipment terms on the right with their correct definitions.

Keyboard console
Line print.r
Computer

Free-moving
cursor

Plotter

Flexible disk

Joy stick
Micro-computer .

Cathode ray
tube

Stylus ]

viard copier
Magnetic tape
Light pen
Manual digitizer
Digitizer tablet

Computer-aided
drffting

Peripheral devices

Central processing
unit

Automated
digitizer




k. Used to locate coded programs of X-Y points
by pressing at the point of drawing line
intersect on digitizer board and input to CRT

I. An input device using stored graphic symbols
in the CPU where a designer uses a light pen,
stylus, or free-moving cursor by positioning
on tablet for each symbol to create a drawing
or CRT

m. An input device used with a refreshed-picture
display to create various edges, contours, or
other features in a photographic image

n. Utilizes a television camera on an automated
drafting machine to follow the line being
digitized for output digits according to stored
informati_.a in CPU

0. An output device that prints one line of
character information at a time from CPU

p. An output device that forms graphic and
character images by electronic signals on
paper from CPU

a. An oxide-coated plastic disk enclosed in
a protective covering that can be used for
storage of data

r. Medium on which data is recorded in the
form of magnetized spots on the surface
of magnetically sensitive coated tape

s. Used arc a graphic input and cursor positioning
device to the CRT and CPU

Match CAD terminology on the right with their correct definitions.

a Sten-hv.siep instructions which cause the
computer to solve a problem ’

————

b. set of mathematical commands such as
, ¢, divide, or multiply, or functional com
ands 0 "store i» memory," "delete,” "print

[ Out," or "draw"

t
¢ A symbolic English-like programming lan-
guage

d A high-level algebraic and logical language
used in engineering and graphic systems

e. A higher-level source programming language
designed to process large files used by busi-
ness '

1.

2.

Digit

Variable
Alphanumeric
Data

Program

Chips




f. Collection of related data treated. as a unit

§.7/Facts of all kinds

Y -4
h. Data that is transferred to the CPU from
an external peripheral device

The results obtained : from the CPU and
transferred to a peripheral device

Used as a standard code of alphanumeric
characters, symbols, and special control

characters

Computer output that is composed of lines
rather than letters, nuimbers, or symbols

The set of letters A-Z, the numerals 0-9, and
various punctuation marks and special charac-

ters

. Prepared_programs that simplify CPU opera-
tions that cause hardware to function

Any physical equipment that is a part of

the CAD system

. The interconnecting methods or
used in the CAD hardware system

Symbol denoting 1024 bytes of storage

A programming language that can be inter-
faced directly by the internal circuitry of the

computer

A sequence of instructions to carry out

a certain function

A complete instruction in machine language
such as BASIC or FORTRAN

A quantity that can take on any of a given set

of values

Flashing rectangular dot or cross hair that?
indicates the current position on the screen

That portion of the system memory that
cannot be changed and mdy be read but

not written

. Memory available to the user for writing
programs and storing data

10.
11.
12.
13.
14.

16.
17.
18.
19.

20.

21.

31.
32.

K .

Graphics

Hardware

Input

Software

Output

Computer language

Beginners All-
urpose Symbolic
nstruction Code

Resolution

Compiler

Bit

Interface

Raster scan

Random access
memory

Read only
memory

Statement
Byte
Routine

FORmula
TRANslation

Binary code
Cursor

American Standard
Code for Informa-
tion Interchange
File

COmmon Business
Oriented Language

Machine language

Menu \\

AW
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x. Any number from O through 9

y. Binary digit; the smallest unit of information
that can be recognized by a computer

z. Two-digit numbering system composed of
only 0 and 1

aa. Unit of computer memory, made up of a
specified number of bits, which can repre-
sent any digit, letter of alphabet, or special
character

bb.Miniaturized integrated circuits which com-
pose ROM memory

cc. A computer program used to translate high-
level source language programs into machine
language programs

dd.Graphic symbols or information arranged
in software to be retrieved at some later time

ee. A measure_ of the number of separately
addressable positions on the coordinate
grid €

tf. A CRT scanning system where the electron
beam moves horizontally across all X values
firs. at each Y leve!, moving down each Y
level until the screen is scanned

3. List eight hardware used in a CAD system.

g.

h.

4. Distinguish between input and output devices in a CAD system by placing an X"
next to the output devices.

a. Hard copier

&)
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b. Digitizer

c. CRT

d. Magnetic tape or flexible disk drives

e. Keyboard consoie

f. Card reader

'

5. Match BASIC operator symbols or words on the right with the correct descriptions.

a. Left parenthesis 1. Min or Max
b. Functions 2.
c. Changing sign 3./
d. Exponentiation 4. 4
e. Multiplication 5 *
____f. Division 6. |
q. Addition, 7.
_____h. Subtraction 8. (=
_____i. Comparative 9. +
1} Lessthan 10. SIN, COS, TAN
k. Greater than 11 =
I. Greater than or equal to 12. >+
m. Less than or equal to . 13. +and - Monadic
_____n. Notegual to 14. <
___o. Eguai to 15. >
6. Match BASIC statement works used for programs on tape on the right with the correct
functions. : 1T List
a. Positions tape at beginning of desired file 2. Append
____b. Creates on tape one or more files of desired 3. Mark
length 4. Save
c. Causes the entire program currently 1n mem- 5. B Save
ory to be-stored on tape 6. Old
d. Stores memory on tape in binary code 7. Find
8. Bold

e. Retrieves program on tape back into memory

L Y RN R
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Retrieves program on tape in binary code
back into memory

Determines on CRT screen how many files
exist on tape

. Enables changing or add-on routines to
programs on tape that are in memory

Match BASIC statement words used in graphics on the right with the correct functions.

a. Produces a visible line between the last 1. R draw
position of the cursor and the X-Y coor-
dinates specified 2. Window
. Produces a visible line to a location which is 3. Axis
relative to its present position )
Allows moving cursor on the screen with- 4. Rotate
out making a line with X-Y coordinates
specified 5. Scale
_ Allows moving the cursor to a location 6. Draw
which is relative to its present position
without making a line - 7. View port
Produces on angular displacement in the 8. R move
orientation of relative moves and draws
9. Move

Allows selecting whatever portion of user
data space you want to see on the screen

Allows using a desired portion of the screen in
a window

. Ratio of user data units per graphics display
unit (GDU)

Draws a horizontal and vertical line through
point of origin in the user data space

Select true statements concerning operating a Tektronix CAD system by placing an
"X" in the appropriate blanks.

Do not take the tape arrow off SAFE unless you intend to record on it

. Type in FIND 1 on a new blank tape before it has been rewound
and MARK 1 entered

Do not operate computer when an electrical storm is in area because the
memory may be erased

. Memory will not he erased if power is turned off while program is in mem-
ory

i
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e. Do not grab pen while the plotter is running

f. Press MARK key if you need to stop plotier

g. Keep cap on plotter pens when not in use

h. If screen is full and a flashing F is in upper left corner, press HOME/PAGE
key

Demonstrate the ability to:

a. Program in BASIC using & micro-computer as a calculator.
b. Create drawings on a micro-computer using plot method.

c. Construct a two-viev: drawing using straight line statements.

d. Construct a two-view drawing using straight line, circle, and hidden line state-
ments.

e. Start up and shut down the available CAD system.
f. Load from and store onto tape a program.
g. Operate a digitizer tablet.

(NOTE: If these activities have not been accomplished prior to the test, ask
your instructor when they should be completed.)
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| ‘ COMPUTER-AIDED DRAFTING
| UNIT XII
ANSWERS TO TEST
1. a. 16 g 1 m. 13 s. 7
| b. 9 h. 5 , o, 19
| c. 3 i 14 0. 2
| d 18 ji. 4 p. H
| e. 17 k. 10 q. 6
f. 8 I. 15 r. 12
2. a. 5 k. 8 u. 27
b. 13 . 3 v. 21
c 14 m 1 w. 20
d 25 n 9 x. 1
e. 30 o. 18 y. 17
f. 29 p. 7 2. 26
g 4 qg 31 aa. 23
h. 10 r. 24 bb. 6
i. 12 s. 22 cc. 16
j. 28 t. 2 dd. 32
ee. 15
ff. 19
3. Any eight of the following:
a. CPU
b. CRT
c. Keyboard console
d. Plotter
e. Manual/Automated digitizer
f.  Hard copier
g. Line printer
h. Free-moving cursor/stylus/light pen
i. Joy stick
j.  Magnetic tape or flexible disk drives
4. acd
5. a 6 f. 3 k. 15
b. 10 g 9 .12
c 13 ’ h. 7 m. 8
d 4 | n 2
e. 5 ji. 14 o. N
6. a. 7 e. 6
b 3 f. 8
c 4 g 1
d b5 h. 2
7. 2. 6 d 8 9 7
b. 1 e. 4 h. 5
c 9 f. 2 i. 3




ANSWERS TO TEST

8. a,c,e,0h

9. Evaluated to the satisfaction of the instructor




