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PREFACE

For the past several years, the writer, while teaching begimning
classes in machnnicgl drawi ng, has noted the apparent diffioculty
pupils have in mastering the fundamentals used by draftsmen in their
every day work. Among these difficulties, the inability of the pupil
to understand clearly the importance of words and terms seems to be
the greatest, This is perhaps due to the fact that many of the text
books do not make any attempt to define clearly the terms that are
used in connection with the drawings to be made. These terms must be
simplified and a concrete example of each should be given in order that
the beginning pupil can grasp the full meaning of each term in a
limited time.

It is also true that the beginning pupil, whether in the junior
high school or the senior high school, is unable to pronounce and
spell correctly the new words and terms and that his knowledge of them
increases slowly without special emphasis upon them. The reason for
this condition existing, as the writer sees it, is because spelling as
such ceased to be an important subject in his field of study when the
pupil left the grade school. The logical way to overcome this
difficulty is to devote a part of the class time to spelling lessons.
A list of such words and terms should be placed before the pupil,

They should be correctly pronounced and explained before the pupil is
asked to study them.

There seems to be a decided lack of ability on the part of the
pupil to epply simple arithmetic to drawing problems. There has been

a gfaat deal of oral and written criticism of mathematics texts and
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methods used in the teaching of mathemetiocs, however, it is not the
intention of the writer to criticize mathematic instructers or the
authors of text books now in use. If this condition exists the ine
structor of mechanical drawing has a fine opportunity to teach the
pupil a few practical uses of the mathematics he has learned, In some
cases the failure to apply mathematics properly can be found in the
pupil's weakness in making close observations and in self reliance.

Generally speaking drawing instructors as a group find the
bogi:;ning pupil & problem when placed in a mixed class. Many ine
ltliuetorl have classes in which there is a wide range of activity.
It is comuon to find first year, second year, and third year pupils in
one class. To make the situation more complicated a part of this group
may be working on architedtural drawing, another part on machine
drawing, another on orthograpnie projection, another on revolutions,
ete. In such situations instructors find it difficult to budget their
time so they can properly care for the needs of all and under such
conditions the beginner creates the greatest problem.

In studying this situation to find a remedy, the writer has
experimented with the plan of using prepared charts for the purpose
of establishing a more satisfactory system of giving instruction;
lectures, and tests., These instructional aids, when designed for
drawing room use have been drewn on white five-ply met board which
measures 28 inches by 44 inches. All of the drawings were made with
' speedball pens and black waterproof drawing ink.

The speedball pens were used in the following manner: For all
heavy lines such as border lines, ocutline of parts, cutting plane

lines, short break lines, and lettering, the B=0 speedball pen was



used.

By using the pens as prescribed above all charts are plainly
visible for class room work.

In the Fobr}mry, 1937 issue of the Industrial Arts And Vocational
Eduontion.nhgnziﬁa, Page 62, Mr, R. R. Bedker of Wauwatosa, Wisconsin
suggests the use of "Flash Cards" as a successful aid in the presentat-
ion of mechanical drawing. After checking catalogs from the Manual
Arts Press and the Bruce Publishing Company, and the various issues of
the last four years of the Industrial Arts And Vocational Edueation
Magazine and the Industrial Education Magazine the writer is led to
believe there are no charts of this type awvailable on the present day
market.

It is the writer's idea, therefore, to make a compilation of
some few problems which can be used to teach and test the fundamentals
used in beginning mechanical drawing. Such compilation is, of neces-
sity, a long task and one which will never really be completed. More
work should be done to carry on the preparation of such instructional
units. The writer hopes his small contribution mey aid in the develop~-
ment of this study.

The writer wishes to acknowledge his grateful appreciation of
the help and guidance extended him by Prof. H. A. Huntington, head of
the department of Trade and Industrial Education, to the Library Staff
of Oklahoma Agricultural and Mechanical College and the instructors
of mechanical drawing who have been so very kind and grecious in both

criticising and validating these instructional aids,



TABLE OF CONTENTS

Pref agce - - - - - - - - - - - = - -

I - Introduction = « =« = o &« = &« = = =

II - Spelling =

III - Lettering =« = = =« =« « =« =« « o« =
IV =« Lines and Line Work = = =« « = = = =

V = Testing Pupils' Ability To Read The Scale

VI = Testing Your Ability To Judge Angles = =

VII - Essay Test in Finding Errors in Drawing

VIII = Testing Your Ability to Choose the Proper
Line for the Proper Plage =« « = = = =

IX = Testing Your Ability to Determine Correct
Dimensiong = = = = =« = = « -« « =

X « Testing Your Ability to Choose and Properly
Locate Views in Orthographic Projection =

XI - Freehand Sketching « « = =« = =« « « -

XII = Conelusion = = = = = = =« = = =« =

BIBLIOGRAPHY = @ ® @« « = = o = « = =

15

20

25

32

38

45

51

62

67

69



CHAPTER I

INTRODUCTION

Today in the teaching of mechanical drawing there is available
a wide variety of text books, especially for the first course offer-
ed. By making a close observation of these text books one may readi-
ly note a slight disagreement among the authors as to terminology,
conventions, and methods.

In the February, 1937 issue of the "Industrial Arts and Vo=
cational Education Magazine,"™ Mr. Victor A. Johnson in his arti=-
cle on, "Teaching Devices in Mechanical Drawing" makes the fol-
lowing statement:

"As the industrial arts instructor extends his know-
ledge of what and how to teach, he is forced to the conclusion
that past and present practices are as varied as the number of
teachers. The field of mechanical drawing is not unique in this
respect., Very few attempts have been made to establish the su-
periority of eny given method or procedure.”

This condition will continue to exist until a more exacting set
of standards are established in the field of mechanical drawing and
that time is at hand.

Randolph Philip Hoelscher in his book "The Teaching of Mechan-
ical Drawing" gives a clear picture of present day progress as follows:

"At the present time teachers are somewhat handicapped in
their teaching of good technique, because there is no standard sys-
tem of conventions that is recognized throughout the country as
authoritative in schools and commercial establishments alike.
Although the leading textbooks are in close agreement, their au-
thority is limited. A national standard, however, is now in the
process of formation under the direction of the American Standards
Association. This standard when finally adopted will cerry weight
in the industries and engineering schools. It should therefore
be accepted and be made the standard of practice in teaching draw-
ing in high schools and colleges, as well, since it will represent
the combined effort of hundreds of the best qualified leaders of
industry, engineering, and the teaching profession."



The writer, being of this opinion, based the tests included in
this study on the standards recommended by the American Standards
Assoclation.

It has been true meny times in the past that quizzing end test-
ing has been overdone, but this is no reason for dropping this method
of instruction. If properly used it is still an excellent teaching
tool.

Too often a test is thought of as a method of checking up on
study or a device that is used to catch the poorly prepared pupil.

It may be viewed from a slightly different angle by both pupils and
iﬁstruotors. Its purpose may be to help the pupil see the unity in
a great mass of detail, to create another incentive to study, to cen-
tralize group thinking on definite fundamentals, or to help a pupil
direct his efforts by showing him where he needs further study.

These tests have been designed to help organize and present a
part of the fundementals used in mechanical drawing and to give the
pupil experience in using the facts at his command in new situations
as they are presented to him,

The instructor should use them as a means of diagnosis. They
provide him with information about each individual and for the class
as a whole and make it possible for him to direct his own efforts in
helping his class more intelligently.

The chapters on spelling, lettering, lines and line work are
included for a different reason. The chapter on spelling is included
for the purpose of stressing the importance of spelling, to present
a list of "key words" with definitions pretaining to drawing, and to

give the instructor e method of presentation. The charts on lettering



and lines and line work show another use for large prepared charts.
These charts, or charts similar to these, based upon the recormenda-
tions of the American Standards Association, should be a permanent
part of every mechanical drawing room. They should be conveniently
located and used constantly as a means of correcting common errors

after they have been used in lecture work and thoroughly explained.



CHAPTER II

SPELLING

The following list of technical words has been selected from
the "key words"™ used in the teaching of mechanical drawing, These
words were selected because of the frequency of thoif appearance in
a number of begimning texts in mechanical drawing. The pupil must
know these words in order to read a drawing, speak intelligently
about mechanical drawing and to understand the explanations and demon=-
strations the instructor makes,

In the original presentation, the words should be correctly pro-
nounced and the definitions given, If time permits the words should
be used in a sentence. In "A Workbook For Beginners--lLearning to
Read Mechanical Drawings"™ written by Roy A. Bartholmew and F. S.
Orr, the recommendation made in spelling tests is to use ten to
twenty words for each lesson.

Some studies included more words than listed here but none were
found that included a written definition for each word. This list
may be complete or  incomplete depending upon the amount of instruc-
tion given. The instructor should be as resourceful as the needs of
his classes demand in the addition of other words; however, there is
no need of teaching spelling for the sake of spelling alone in a
mechanical drawing course.

The following list of words is arranged alphabetically for the
sake of convenience, however in spelling assigmments they must be
re-arranged. The instructor should plan the assignments to suit his

needs.

de sk



Alphabet: The letters of a language arranged in their customary order.
Are: A portion of a curved lime.
Architecture: Art or science of building.

Arrow head: The head of an arrow; as used on & drawing to mark a lime
it, indieate a note.

Assembly: To fit together the detail parts.
Auxiliarys Offering aid or help, as an extra view,

Axis: A straight line, real or imaginary, passing through a body that
actually or supposedly revolves with it, In a working drawing,
2 line actuelly drawn and used as the basis of measurements.

Bow instruments: The smaller compasses of the drawing set, including
the bow peneil, bow pen and bow dividers.

Cabinet drawing: An oblique projection. The cross axis may be at any
angle, but is usually teken at either 30 or 45 degrees. All meas-
urements parallel to the cross axis are reduced one-half, to over=-
come the appearance of too much thickness,

Compass: An instrument for deseribing circles, transferring measure=-
ments, ete.

Conventional:; Following customary usage in design, technique or
prinoiples.

Cross hatoch: To cut, engrave or furrow with parallel lines crossing a
surface.

Description: Act or result of describing; a sketech or account of any-
thing in words. '

Design: To create; to produce a plan for the making of anything; to
make a drawing or pattern,

Deteil: A minor pert such as a detail drawing, made by drawing the
whole, item by item.

Development: Patterns of different faces, as in sheet metal, a pattern
from which a sheet may be cut that when rolled, folded, or formed
will meke the objeot.

Diagram: A line drawing; as for secientific purposes. Any grephic rep=-
resentation,

Dimension: Measure in a single line; usually length, breadth or thick-
ness.



Divider: An instrument for dividing lines.

Extension: Act of extending; state of being extended as from one view
to another,

Fillet: A coneave junction or molding of two surfaces which form an
angle.

Freehand: Done by hand, as in sketching,.
French curve: An irregular curve used in drawing.

Geometry: MNathemetics that investigates the relations and properties
of solids, surfaces, lines, and angles.

Graphical: Pretains to the arts of painting, drawing, and writing.
Hexagon: A polygon of six angles and six sides.

Instrument: A device for doing work or producing an effect; tool;
implement.

Intersect: To pierce, divide, or out by passing through or across.
Isometric drawing: A method of pictorial representation.

Layout: An arrangement or plan,

Lettering: Act or business of meking, or marking with letters.

Machine drawing: Drawing pretaining to machines; threads, gears,
castings, etc.

Measurement: Act or result of measuring.

Mechanical drawing: Drawing done with the aid of instruments.
Oblique: Neither perpendiecular nor horizontal; slanting; inclined.
Octagon: A polygon of eight angles and therefore eight sides.
Ogee curve: Reverse curve; as in the letter S.

Orthographiec projection: Projection in which the projecting lines are
perpendicular to the plane of projection.

Parallel: Keeping at the same distance, as parallel lines.

Perspective: Art or science of representing, on a surface, objects as
they actuel 1y appear to the eye.

Pictorial drawing: The nature of pictures; graphic.



Polygon: A figure having many angles and many sides. (Closed.)

Prism: A solid whose bases or ends are similar, equal, and parallel
polygons, the faces being parallelograms,

Projection:s Aot or process of projecting on a surface; also, the
picture so formed.

Pyramid: A figure having for its base a plane polygon and for its sides
several triangles with & common vertes and with their bases forming
the sides of the base,

Revolution: A revolving, or turning about a center or axis.

Ruling pen: An instrument used for drawing streight lines in ink,

Scale: Anything graduated, when used to measure or rule,

Section: A part cut of{ or separated. Representation of anything
as it wuld appear if cut by a plane,

Sketch: An outline; rough draft; a preliminary or incomplete drawi ng
of an object or scene recording its chief features.

Symbol: A sign by which one knows a things.

Tangents Meeting a curve, or surface at only one point, and not cutting
it if produced.

Triangle: A figure having three sides and three angles,

Working drawings A working drawing gives all the information neces-
sary for the complete construction of the object represented.
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CHAPTER III

LETTERING

This unit of work is included because it presents information
and practice needed in successfully learning the work of mechanical
drawing and to broaden the students' understanding of alphabets.

The following information eonstitutes the lecture to be given to accom-
pany the chart,

ORIGIN AND DEVELOPMENT OF LETTERING. Lettering is one of the
oldest of the Fine Arts. The first symbols of spoken words that we
have record of were not letters as we know them today, but crude pic-
tures painted or carved on woocd or stone. In reality these pictures
were short stories of battles or common incidents in the lives of
historic peoples. Gradually certain pictures were used to represent
certain definite things and became symbols for words and names.
Because of this fact the names of many of the letters in our present
day alphabet may be traced back to the original names of the objects
they first represented. On the other hand, the making of pictures
developed into the arts of drawing and painting, while carving on
wood and stone developed into sculpture. In our study of lettering
let us not forget that it was one of the stones in the foundation
of our present civilization, that it is one of the oldest of the
Fine Arts, that it has greatly influenced our present mode of living,
and that it still ranks very high as a universal method of expression.

PURPOSE OF LETTERING. In drawing a great many of our ideas can
be expressed without the use of words, but not all of them. Some

words must be placed on all drawings, such as one's name, school,



date, scale of drawing, and notations. These words and others that
will be used from time to time must be well lettered in order to
preserve the general good appearance of the drawing sheet. No matter
how neat end accurate s drawing may be, if the letters are poorly
formed, out of line, and are not of the proper size the entire appear-
ance of the sheet is changed. For this reason, you as students, must
place great emphasis on and devote much time to lettering. The ability
to letter is of value to everybody and not alone to those engaged in
drawing. One who develops such skill will find it useful in personal
correspondence, in meking place cards and posters, in labeling books,
addressing boxes for mailing, and as a hobby.

WHAT IS LETTERING. As one begins the study of drawing he finds
some words begin to take on a more definite meaning., For example the
word lettering is often spoken of as printing. Let us try to draw
some definite line of distinction between the meanings of the two words.
Lettering is the method or procedure used in drawing freehand each of
the characters of the alphabet and numerals., Let us think of printing
as a very different processi---where type is set and machines are used
to do rapid duplicate production work. Be careful about the use of
these two words: it is a mark of intelligence and training to use
technical words in the proper manner,

There are certain terms used in printing and lettering that carry
the same meeaning. As children, when you first learned to write you
soon discovered the alphabet contained two types of letters. These
letters were known as capital letters and small letters. In print-
ing and lettering they are known as caps or upper case and lower case

letters. These two meanings are taken from the printers arrangement
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of his type. We know that in practically all printing more lower case
or small letters are used than upper case letters; hence the lower case
letters are in the lower division of the case so the one setting the
type can reach them more conveniently and more rapidly. The upper case
letters or caps are arranged above the lower case letters and are a
little more difficult to reach. Numerals are always lettered the same
height as the caps. (Fractions of course are an exception to this rule.)

TYPES OF ALPHABETS. One of the first things learmed upon entering
school was the alphabet., Perhaps since that time the word alphabet
has meant but one thing: +that is, A, B, C, ete. on to the letter Z.

It will be given a much broader meaning in this drawing course. If
you will look about you for just one day as you walk about the streets
and as you read various printed pages you will soon note that there
are many alphabets. In fact there is such a great variety of alphabets
that it is beyond the highly specialized show-card writer and printer
to memorize them all. Emphasis in this study, will center on the more
commonly used alphabets.

GUIDE LINES. One of the prerequisites to good lettering is the
making of guide lines, since all good lettering is made a uniform
height by the use of such lines. When drawing a guide line always make
a fine, light line: make it fine for accurate work and light because
it must be removed from finished work. Guide lines used in lettering
arei=

Capital line: Line bounding the height of capitals and ascending
strokes.

Waist line: Line bounding the height of the body part of lower case
letters, at about 2/3 height of capital.

Base line: Line at base of capital end body part of lower case letters.
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Drop line: Line to which long descending strokes are dropped.
PARTS OF A LETTER
Stem: The down stroke, usually vertical,

Ascender: The lower case stroke extending above the waist line to the
Cap line,

Descender: The lower case stroke descending below the base line to the
drop line,

Lobe: The round bellied seotion of a letter,

Stroke: That portion of a letter formed with one movement.
Practice should be limited to either the inclined or vertical

aingie,stroka commercial gothiec letter, because the letters of this

style are the simplest to make and they can be made more rapidly.

The following standard practice is recommended by the American Standards

Association.

"That single stroke commercial gothic lettering either verti-
cal or inclined at a slope of 2 in 5 be used on all working draw-
ings for titles, notes, etec.

That only capitals be used in the title box.

That for notes, bills of material, etc., if the vertical
style is chosen the letters should all be caps. If the inclined
style is chosen the letters may be all caps or caps and lower case.

It is not desirable to grade the size of the lettering with
the size of the drawing except when a redueced photographic repro=
duction of the drawing is to be made. In other words the size and
weight of the lettering should be such as will produce legible
prints from tracings either in peneil or in ink.

Lettering should not be underlined except for particular em=

phasis.”

Correct examples are necessary in teaching lettering. When the
pupil is doing lettering exercises he should have before him a correct
form of the letters he is to make. Letlering is merely a process of
imitation and memory, and keen observation is absolutely necessary.
Successful progress cannot be made without having a mental image of
the correct letter shepes and no beginning pupil will have that image

until he has had before him and actually used a correct model.



12

Various methods of coneentrating the pupils' attention upon letter
shapes may be used. One method is to have the pupil trace over the
correct form to be used. Verbel instruetion and blackboard work is
also necessary to bring to light the finer details overlcoked by the
- beginner. There are also various lettering texts now available that
are very helpful in sueh instruction,
| Regardless of method or proeedure used, short lettering assign-
ments should be made to give the pupil constant practise. The followe
ing assigmments have been worked out and used for the past several years
by the writer. Each of his pupils is required to do one assigmment each
week in conmection with the regular drawing., Only upper case letters
are required in these assignmments because the tnilowing stendard praoe
tice is recormended by the Americen Standards Association,

"That for notes, bills of material, ete., if the vertical style

is chosen the letters should be all caps. If the inoclined style is
chosen the letters may be ell ceps or caps and lower=cese."

1 YOUR NAME
ABCDEFGEIJKLMYNXOPQRSTUVWXYZ
1234567890 12834567890
ABCPEFPGHIJELMNOPQRSTUVWXYZ

2 YOUR NAME
ABCDEFGHIJKLENOPQRSTUVWIXYZ
ABCDEFGHIJELMNOPQRETUVWIYZ
ABCTEFGHIJELMNOPQRSTUVWXYZ

3 YOUR NAME
12346678980 1234567890
12354567890 1234567890
12345667890 1234567890

4 YOUR NAME
ZYXWVUTSRQPOMNLKJIHGFEDCBA
ZYXWYUTSRQPOENLEKJIEGFEDCBA
ZYXWVYUTSRQPOMNLEKJIHGFEDCBA
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5 YOUR NAME
0937654321 0987654321
0987654321 0987654321
09876564321 09876564321

6 YOUR NAME

AAA BBB CCC DDD EEE FFF GGG HEH III
JJJ KKK LLL MMM ©NNN 000 PPP QQQ RRR
§SS TTT UUU VVV WWW XXX YYY 22Z MNZ

| YOUR NAME
TALKING AND BORROWING CAN SOON BECOME BAD HABITS.
WHEN IN DIFFICULTY LET THE INSTRUCTOR ASSIST YOU,
DON'T MAKE EXCUSES**MAKE ACCURATE AND NEAT DRAWINGS.

8 YOUR NAME
WHEN IT IS TIME TO CEASE DRAWING BE SURE EVERYTHING IS IN ITS PROPER
PLACE, AND THAT THE DESK IS CLEAN, STAY IN YOUR PLACE UNTIL TIME TO
PASS.

9 YOUR NAME
LINES COMMONLY USED IN MECHANICAL DRAWING ARE, OUTLINE OF PARTS,
DIMENSION AND EXTENSION LINES, HIDDEN LINES, CENTER LINES, CUTTING
PLANE LINES, SECTION LINES, AND BREAK LINES.

10 " YOUR NAME
INSTRUMENTS USED IN ORDINARY DRAFTING ARE: THE DRAWING BOARD, T-SQUARE,
45 DECREE AND 30-80 DEGREE TRIANGLES, SCALES, COMPASSES, LENGTHENING
BAR, PEN ATTACHMENT, BOW INSTRUMENTS, AND THE RULING PEN,

11 YOUR NAME
KEEP THE DRAWING PENCIL SHARP,
DO NOT USE THE T-SQUARE FOR A HAMMER,
XEEP THE BANDS AND INSTRUMENTS CLEAN,

12 YOUR HAME
DO NOT DRAW WITH THE LOWER EIGE OF THE T-SQUARE.
THE DIVIDERS SHOULD NEVER BE JABBED INTO THE DRAWING BOARD,
THE MOUTH SHOULD NOT BE USED FOR A PENCIL HOLDER.

13 YOUR NAME
ACCURACY PIRST
ALL DRAWINGS SHOULD BE CORRECT, NEAT, WELLPLACED AND STAND OUT CLEARLY.
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14 YOUR NAME
THE MOST IMPORTANT REQUIREMENTS FOR LETTERING, AS USED IN MECHANICAL
DRAWING, ARE LEGIBILITY AND RAPIDITY OF EXECUTION.

15 YOUR NAME
WORDS COMMONLY USED IN DRAWING--DIMENSIONS, CIRCLES, ARCS, TANGENTS,
FILLETS, ANGLES, SKETCHING, ISOMETRIC, OBLIQUE, OCTAGON, PYRAMID, ARROW
HEAD, ORTHOGRAPHIC.

16 ' YOUR NAME
MANY ARTISTS SPECIALIZE IN LETTERING. THEY FIND A STEADY AND EVER
GROWING DEMAND FOR THEIR WORK THAT KEEPS THEIR HANDS AND MINDS BUSY.

17 YOUR NAME
WUST YOUR SUPERVISOR CARRY AN OIL CAN.
A GOOD WORKMAN IS NEVER OVERPAID,
LET NOT THY HANDS BE SLACK.

18 YOUR NAME
FINE CARVINGS ARE NOT MADE FROM ROTTEN WOOD,
DECAYED TREES DO NOT WITHSTAND GREAT STORMS,
BETTER WEAR OUT THAN RUST OUT,
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CHAPTER IV

LINES AND LINE WORK
(Lecture to accompany chart)

The purpose of this unit is to presént the alphabet of lines used
in mechanical drawing in a usable form for lecture work and class
discussion. Very few of the drawing texts include ﬁoth a drawing and
written description of each line and a few depend entirely upon the
instructor for clarification. The use of this chart will save the
instructor a part of the time generally spent in blackboard work.

It is necessary for the pupils to know the characteristics, meaning, and
definitions of these lines before they can proceed intelligently with
their drawing. This material also serves as a basis for the tests that
follow.

A brief description of the line as well as it's correct namnvand
shape is given on the chart, The pupil should not be required to learn
or memorize the entire chart at one time. In most cases the textbooks
start with three kinds of lines in the first drawing, namely, outline
of parts, dimension lines, and extension lines. If this is the case the
pupil should be required to know these three lines when he starts his
first drawing. The remaining lines should be learned as they are brought
into use.

This chart should be conveniently located in the drawing room and
available at all times except when a quizz is given on any form of
lines and line work.

The remaining material included in this unit is written for the
benefit of the instruetor. The writer has attempted to assemble a

portion of the information used in demonstrations and discussions on
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on types of lines and their uses by draftsmen.
The nemes of lines, their shape, and their definitions have been

based on the recommendations of the American Standards Association.

LINES ARND LINE WORK

Outline of parts: Heavy

"The outline should be the outstanding feature and the thickness
may vary to suit the size of drawing,®

This line is used in representing all lines of an object that can
be seen from a given position.

Dimension and extension lines: Light
i~ 5 2= i
"Lines unbroken, except at dimensions. Dimension lines should
be made a8 light lines, unbroken except for the space left for the
dimensions. Extension lines should be fine full lines of the same

weight as dimension lines. They should not touech the outline of
the subject."

The bar dividing the fraction should be drawn at the seme time the
dimension line is drawn. This is never drawn freehand.

Hidden lines: Medium

This line is made up of short dash lines as shown and is used to
form the outline of all edges of an object that cannot be seen from a
given position. As few hidden lines as practicable should be used;
sections are preferable in many cases.

Center lines: Light

The center line is a broken line, made up of long and short dashes,
alternately spaced. This line is used to locate the centers of circles

and to designate the center of objects having identical halves.
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Cutting plane lines Heavy

"A broken line made up of one long and two short dashes, al-
ternately spaced. The cutting plane on which the section has been
taken should be indicated by a heavy broken line consisting of one
long and two short dashes alternately spaced, and lettered at the
ends, Arrows are used to indicate the direetion in which the sec=
tion is viewed, On simple symmetricel objects the heavy line, let-
ters, and arrows may be omitted. It is not necessary that the cut-
ting plane be a single continuous plane; it may be bent or offset
if by so doing the construction cen be shown to better advantage.
The reference letters should be repeated at points of change in
direction unless the changes are short and frequent. When the cut=
ting plane extends entirely across the object a 'full section' is
obtained. A symmetrical object may be drawn as a 'half-section!
showing one-<half, up to the center line, in section, and the other
half in full."

The cutting plane line is used to locate the position or place

where an object is cut to show a section.

-

"Section lining should be made with light parallel lines at
an angle of 45 degrees with the border line of the drawing and
spaced from 1/32 inch to 1/8 inch apert depending on the size of
the drawing and of the part. Two adjacent parts should be section-
ed in opposite directions. A third, adjacent to beth, should be
sectioned at 30 degrees or 60 degrees, If cut in more than one
place the eectioning of any part should be the same in direction
and spacing. If the shape or position of the part would bring 45
degree sectioning parallel or nearly parallel to one of the sides,
another angle should be chosen."

Section Lines: Light

Break lines: D " e, e i S
— 7 7 Light

"A freehand line is used to show short breaks: while a ruled
line end freehand zigsags for long breaks. Break lines may be used
on both detail and assembly drawings. On small perts heavy free-
hand lines are best, while on assemblies or large parts the second
form, made with light ruled lines with freehand 'zigzags' is pre-
fﬁmd."

Ditto line:s Hedium

Indication of repeated detail. This line is often used in arche
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itectural drawing and furniture design to show a repeated detail as a
molding in furniture design or a detail of carving.

Adjacent parts and
rnate positions: Mol

"Adjeacent parts and alternate positions are shown by a bro-
ken line made up of long dashes. An alternatiwve position, or ine
dication of the limiting positions of a mewving part should be shown
by a line made up of long dashes of medium weight., Adjacent parts
added on a drawing to indicate the position or use of the piece rep=-
resented, are drawn with the same symbol of long dash lines. This
line is also used in showing machine bosses and lugs cast on for
holding purposes, which are to be removed later."

e

This chart is to be used for lecture purposes and instruction,
not as a testing device. It should be conveniently located in the
drawing room and used constantly as a means of correcting common errors
made by the pupils.

e e e sie sk
e e e
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LINES AND LINE WORK

OUTLINE OF PARTS: HEAVY

The outline should be the outstanding feature and the thickness
may vary to suit the size of the drawing. This line is used in rep=-
resenting all lines of an object that can be seen from a given posi-
tion.

DIMENSION AND EXTENSION LINES: , LIGHT

[— 5.2 >

| These lines are unbroken except for the space left for the dimen-
sions., Extension lines should be the same weight and should never touch
the outline of the object.

HIDDEN LINESs MEDIUM

——— e ——— — —— s — . —— — s — s — e —  —

This line, made up of short dashes, is used to form the ocutline
of all lines of an object that cannot be seen from a given position.

CENTER LINE: LIGHT

This is a broken line, made up of long and short dashes, alter=
nately spaced, and is used to locate the centers of cireles and the
center of objects having identical halves.

CUTTING PLANE LINES;: HEAVY

This line is made up of one long and two short dashes, alternate-
ly spaced, and is used to locate the place where an object is cut to
show a section.

SECTION LINES3: /////////// LIGHT

The exposed cut surface of material is indicated by ™section
lining" or "eross hatching™ with uniformly spaced lines. Example:
used in representing material cut by the cutting plane line.

BREAK LINES: ~ 1 7 LIGHT
HEAVY

A freehand line is used for short breaks while a ruled line with
freehand zigzags is used for long breaks. These lines are used to
show where sections of material have been omitted.

ADJACENT PARTS AND ALTERNATE POSITIONS: MEDIUM

Used in showing the limiting positions of moving parts.
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CHAPTER V

TESTING THE PUPIL'S ABILITY TO READ THE SCALE

PURPOSE OF THE TEST:

The purpose of this test is to determine the pupil's ability to
read the scale. Often the junior high school pupil will ask such
questions as, "How large is the smallest division on this rulert™,
"How much is ;na-hnlf of one and three-fourths?®, or, "I know how much
one half of three and seven-eighths is but I can't find it on this
ruler.” One is often led to believe a few of the junior high school
pupils have never been called upon to use the scale for taking
measurements in any form. The scale is used from the begimnning in
mechanical drawing and certain fundementals should be reviewed for
those who apparently have the knowledge of its use as well as for that
group who will invariably ask the simple questions.

AMOUNT AND KIND OF WORK TO BE DONE BEFORE GIVING THE TEST.

Before giving the test in reading the seale it is necessary to
give a brief lecture. The enlarged drawing of the scale is very useful
for this work, however it will be necessary to cover the questions on
the chart. This is easily done by clipping ordinary wrapping paper to
the chart with paper e¢lips. In such a lecture point out one-sixteenth,
one-eighth, one-quarter, one-half, and one inech, If the smallest
division on the scale is one-sixteenth of an inch it will be found
profitable to show how to determine fractions in thirty-seconds of an
inch. It is also necessary to give a brief review of addition, sube
traction, multiplication, and division of fractions. Explain definitely

that it is incorrect to say or write 8/16, 6/8, 2/4, 18/16, or seven
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and one~half-sixteenths, and that all fractions must be reduced to
their lowest terms.
MATERIALS NECESSARY:

An enlarged drawing of the test as shown, a sheet of clean
paper, & pencil, and an eraser for each pupil.
INSTRUCTIONS FOR GIVING THE TEST:

After making certain all materials are available have the pupils
£i11 out the type of heading (Name, name of test, date, classification,
eto,) that will best fit loecal school needs. The test shall be
answered as follows; A to B = ?, A to C = ?, ete. The pupil should
start working as soon as he is instructed to do so. He should work
as rapidly as possible, reduce all fractions to their lowest terms,
and should not stop until he had finished or until time is called.

When approximately three-fourths of the class have finished the
t;st, time should be called. Have the pupils exchange their papers so
that no pupil can check his own. As the answers are read have each
pupil check the mistakes on the paper he is grading. When all answers
have been read and all mistakes have been checked the mumber of
mistakes should be written at the top of the sheet and then handed
back to its owner.

USE TO BE MADE OF RESULTS:

As soon as the papers have been returned all questions should be
answered immediately.

After checking all papers, those making a good score, and by so
doing prove they understand the items covered in the test, should
proceed with their assigned wrk. All those making a poor score should

be eassembled at a convenient place for special instruction.



From the writer's past experience, the failure of a pupil to
make a creditable score can be tracod to four main causes. The pupil
cannot read a scale, cannot reduce fractions, is tooc slow, or has poor
eye sight.

To correct these weeknesses permit the pupil to do the test again
with no time limit and answer ell questions while the review is in
progress. Also have the pupil measure various objects. If the pupil
has difficulty in reducing fractions, explain the procedure again
and give him a list of fractions to reduce. Do not hurry the slow
pupil; accuracy is more important. If the pupil has difficulty with
his eyes be sure to place him advantageously in the room. Follow

the policy of your school in reporting such cases,

22



TESTING YOUR ABILITY TO READ THE SCALE

HOW FAR
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3/4

1 7/16
2 15/16
4 3/8
21/8
2 5/8
17/8
1 9/16
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4 3/4

4
3 5/16
2 3/16
1/8
5/8
3/4
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23



B D 6
Al cl E F l J
| | | | |

I ||I|T‘I[I |‘|[i T’l‘ Ii|I|I|IIlI|IiI‘I|I‘III I‘IIII|II,I

1
HOW FAR IS IT FROM

A TO B A TO C ATO D C TO D

A TO E A TO F ATO 6 DTO E

A TO H A TOo | ATO J ETO F

B TO C B TO E B TO | FTO 6

C TO E C TO H cCTO J G TO H

E TO F E TO H E TO | HTO J




25

CHAPTER VI

TESTING YOUR ABILITY TO JUDGE ANGLES

PURPOSE OF THE TEST:

| The purpose of this test is twofold; first, to test the pupil's
ability to judge angles, and second, to promote a closer observation
of angles. One of the chief difficulties, in the teaching of mech-
anical drawing, is the assumption that correct observation will be made
without specifically directed attention. It is an unsound belief that
because & thing is illustrated in a textbook, blueprint, or in some
drawi ng to which the pupil has access that he will make the correct
observations., His attention must be specifically and consciously
directed to the thing he is to see.

These tests require & minimum of time, yet they attach a degree
of importance to the use of the triangles and do stimulate the pupil
to ‘gbserve more closely.

AYOUNT AND KIND OF WORK TO BE DONE BEFORE GIVING THE TEST:

A part or an entire oclass period should be devoted to & lecture
on the use of the triangles. It is necessary to stress the importance
of knowing the triangles and the relative size of each angle. Ample
time should be spent in a demonstration, clearly showing how the
triangles are used and how they are combined to make sny angle which
is divisible by fifteen. The pupil should be required to draw the
following angles; 30, 45, 60, 75, 90, 105, 120, 135, 150, and 165,
divide a circle into 8 equal parts with the T-square and 45 degree
triangle, divide a circle into 12 equal parts with the T-square and

30-60 degree triangle, and divide a circle into 24 equal paris with
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the T-square, and both triangles,
MATERIALS NECESSARY3

Each pupil should have & pencil, an eraser, and two sheets of
paper, one for the answers to the questions and onme to use in computing
the various angles. An enlarged drawing of the test should be at hand.
INSTRUCTIONS FOR GIVING THE TEST:

Before giving instructions make certain that each pupil has his
materials. Have the pupils fill out the heading (name, name of test,
date, classification, ete.) that will best f£it local school needs.

The test shall be answered as follows:s A = ?, B = ?, ete. Explain
clearly that all angles are formed with the T-square, 30-60 degree,
and 45 degree triangles and that all angles are multiple of 15
degrees.

The pupil should start work as soon as he is instructed to do
so, he should wrk as rapidly as possible, refrain from asking questions,
and continue to work until he has finished the test or until time is
called.

When approximately three-fourths of the class have finished the
test, time should be called. Have the pupils exchange their papers
so that no pupil can check his own. As the answers are read have each
pupil check the mistakes on the paper he is grading. When all answers
have been read and el 1 mistakes have been checked, the number of
mistakes should be written at the top of the sheet and then handed
back to its owner.

USE TO BE MADE OF RESULTS:
As soon as the papers have been returned all questions should be

answered.



After checking all papers, those making a good score, and by so
doing prove they understeand the items covered in the test, should
proceed with their assigned work. All those making a poor-loora
should be assembled at a convenient place for special instruoction.

To help the pupil who has had difficulty with this test, have
him take the test again, with no fixed time limit and answer his
queations while the review is in progress. When he has answered all
the questions permit him to check his answers by using his triangles
on the test. It will also be found helpful to assign a list of
angles for the pupil to construct.

Since the second test is much more difficult than the first, the
instructor is the best judge of when and how to use it. These tests
are designed as learning aids for the pupil and not as devices usqd
in securing grades. Their chief function is to help the pupil find

his errors and correct them.
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TESTING YOUR ABILITY TO JUDGE ANGLES. (1)
A-==w=4b Degrees
Bem=e=60
ComwmeB0
Dememes’
Eeweee60
Feeew=30
GeemealO
Hemew=d 5
Temmend 5
Jommee=B0
Keww==30
Lemme=gu
A e 1
Nemmeed 5
Q50
Pa=eeeu30
Qem===60
Reemeeee 30
Semm==90
Temee=30

U, 30

Vewme=30
| A—
Funnouh

Yommwa]180



TESTING YOUR ABILITY TO JUDGE ANGLES.

A-eee-135
Beseae 30
Cmmcne 15
Dew~e=120
. Y
 T—
Geeewe 46
Hew=e=1056
, TR .
Jamweal20
Kewinam 76
Le—e—e= 90
Meeee=105
Nomsie 76
Omme==135
Pesmee2T0
Q-====105
Ree=e== 60
Semme= 30
Temmm=120
Umeeee150
Vee=m=105
Woweee 15
) A7)
Yowuea2B6

Z 255

(2)
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CHAPTER VII

ESSAY TEST IN FINDING ERRORS IN DRAWINGS

PURPOSE OF THE TEST:

The essay type questions which require the pupils to make a
complete statement of a fact or principle are the most difficult to
score. They present many difficulties in evaluating their worth and
require much time to check. They should not be ommitted for this
reason, because the pupil should have an opportunity to express hime-
self in words, Many write sentences which have no meaning at all and
spelling again becomes a subject of importance. The training provided
in this form of expression is by no means a small part of thp_aduca-
tional welue of mechanical drawing.

The purpose of this test is to point out the most common mistakes
made by begimners, to give the pupils an opportunity to see and critiecize
a drawing where mistakes have been made, to call attention to minor
details, to add a degree of importance to spelling, and to give the
instructor some concrete examples to use before the entire group in clar-
ifying their questions.

AMOUNT AND KIND OF WORK TO BE DONE BEFORE GIVING THE TEST:

This test should not be given until the pupils have completed
five or six drawings. Many of the points covered in this test will
have been explained by this time, however there will be some that the
pupils will not understand. This will give the instructor an opportunity
to center the interest of the class on more advanced information that

will be needed by the entire group.
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It is necessary to have two enlarged drawings as shown, one in
the incorrect form and one in the correct form. Each pupil should
have a clean sheet of paper, a pencil, and an eraser.
INSTRUCTIONS FOR GIVING THE TBST:

After making certain all materials are available, have the pupils
£i1l out the heading (name, name of test, dete, classification, etec.)
that will best fit local school needs. Explain how the test shall be

answered, as shown below.

A _
Make a brief but complete statement of exactly what is wrong
B-
with each point,
C-

No questions should be asked while the test is in progress.

The pupil should begin work when instructed to do so, work as rapidly
as possible, use correct spelling, and continue to work until he has
finished the test. When finished he should hand the test to the
instructor and continue with his assigned work.

USE TO BE MADE OF THE RESULTS:

The instructor should check the tests briefly so that he may
become mor;ﬁgzgii;;:;ith the pupils greatest problems and to outline
some corrective criticisms for the next meeting of the class., It
will be found worth while to place some emphasis upon such fundamentals
as spelling, neatness, importance of knowing the alphabet of lines,
and other terms used in mechanical drawing.

At the next metting of the class have each pupil get a clean
sheet of paper, a pencil and eraser. Tell tho'grpgp thg? dre going

to receive the correct answers for yesterdays test. -Place both of -



34

the large sheets where the class can see them and then have them write
the answers as given. Answer all gquestions asked by the class as

you proceed. Be sure to meke each point clear. After all questions
have been answered return the test papers to the group and have each
pupil score his own test. When he has checked his test have him

write the number he has answered correctly and the number he has missed

at the top of the sheet, then collect the pupils work for final grading.



What Is Wrong With This Drawing?
A--The Dimension is placed upside down.
Bw=Arrow head is filled in solid.
‘ C-=Extension line touches the outline of parts.

De=The number 7 should be followed by the letter D to signify the
diameter,

E-Dimaniion lines should be in line with the center of the circle.

Fe-Tia number 1 should be followed by the letter R to signfy the
radius,

G==Curved lines are not tangent.
He=Curved line is not tangent to the straight line.
I==Arrow heads are not formed with straight lines.

J==The line dividing the numerator and the denominator should be in
line with the dimension line.

K==Arrow head left off of the dimension line.

L--The line dividing the numerator and the demominator should be in
line with the dimension line.

M--The center line should extend past the arrow heed.

O==Over-all dimensions should be placed outside the intermediate
dimensions.

P-=-All dimensions should be placed so as to read in the direction of
the dimension lines.

Q-=A center line should never be used as a dimension line.
Re-=Dimension lines omitted.

S~=The outline of parts Bhould go through the entire thickness.
T=~Corner has been over run.

U-=Corner has not been completed.

V==Dimension is too crowded.
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CHAPTER VIII

TESTING YOUR ABILITY TO CHOOSE THE PROPER LINE FOR THE PROPER PLACE

PURPOSE OF THE TESTs

The purpose of this test is to determine the pupils ability to.
read a drawing, to recognize proper lines in their proper places, and
to provide an additional opportunity to check on spelling.

There ig no one best approved method of making plans or of
teaching, but the making of a plan does involve certain things which
must ultimately be done. It is the aim of every instructor to make a
fair distribution of his time, If is necessary that each pupil shall
recieve enough time to keep moving forward at his meximum rate of
speed. Sometimes considerable time is lost by students waiting for
the instructors assistance. Occasionally an entire class gets held

up until the instructor finds that everybody is having difficulty with
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the same thing. When this situation arises the class is called together

for a general explanation. One of such problems will be made less
difficult through the use of this test because the problem has been
ascertained,
MATERIALS NECESSARY:

It is necessary to have an enlarged drawing of the test as
shown and for each pupil to have a sheet of paper, a pencil and an
eraser.,
INSTRUCTIONS FOR GIVING THE TESTg:

After making certain all material is available have the pupils
£ill out the heading (name, date, classification, name of test, etc. )

on their answer sheets that will best fit local school needs.
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Explain how the test is drawn. All lines are solid lines and
the same weight, which is not the correct practice for commeréial
drawings. It is necessary to read and understand the drawings before
the proper line is selected.

To keep the answer sheets uniform they should be lettered from A
to Y on the first test and aguwerad as follows:

A- Name of the correct line.

B~ Name of the correct line. Ete,

Questions should not be asked while the test is in progress,

The pupil should begin work when instructed to do so, work as rapidly
as possible, make certain spelling is correct, and work until he has
finished.

When all have finished have the pupils exchange their papers for
grading. Read the answers and have the pupils check all mistakes and
write the number wrong at the top of the sheet.

This test also provides an excellent check on spelling. Write
the names of the lines on the board or use the large drawing of "Lines
and line work,"™ previously explained and have the pupils check their
spelling.

Have tﬁo papers returned so the pupils may ask questions. Answer
these questions immediately and in detail if necessary to explain why
a certain line is used in a certain place.

USE TO BE MADE OF RESULTS:

Those making e creditable score, and by so doing prove they
understand the principles involved in this test, should proceed with
their assigned work.

Those making a poor score should be assembled at a convenient time



for special instruction.

The cause for & low score on this particular test can be traced
to two main difficulties. First; the inability of the pupil to
visualize & working drawing,:and second, a poor understanding of the
various lines and their functions.

Determine the cause and correct the weakness by making another
explanation of the functions of the various lines, by having the
pupils study the definitions and shapes of lines, and by giving drills
similar to this test,

If the pupil's spelling is poor he should be held responsible for
the correct spelling in the near future.

Little or no instruetion will be required for the second test.
The purpose of the second test is to give more drill in determining
correct lines and to check the special instruction given to the slower
pupils on the first test. The results of these tests are not used in

grading students, but only for remedial purposes.



Testing Your Ability To Choose The Proper
Line For The Proper Place (1)

A-ew-=Outline of parts
BeweeeDimension line
Cm====Extension line
Dee=-=Extension line
Eewe==llidden line
FewweeQutline of parts
Gue=e=Hidden line
HewwwweBreak line
lemee=(utline of parts
Jomew=llidden line
Kewweelidden line
Leeew=Outline of parts

M Dimension line

Nee=w==Center line
Owmme=Hidden line
Pe=wee=Center line
Qee==eDimension line
Ree==eeOutline of parts
Sw=w=wHidden line
Tw=ww=Center line
Ueew==Cutting plene line
Vee=-=Conter line
Weeee=Hidden line
Xe=ew=Outline of parts

Yew===Section lines



Testing Your Ability To Choose The Proper
Line For The Proper Place. (2)

A<e===Outline of parts

B Hidden line

Ceme~=fExtension line
De=ee=Dimension line
Eee===Hidden line
Fewe==Outline of parts
Gwem==Conter line
Hew==elidden line
Iewwe~Dimension line
Jeme==Outline of parts

K

Outline of parts
Lew=e=Hidden line
Mewe=eDimension line
NewewweOutline of parts
Owe===Conter line
Pewwe=(utline of parts
Qee===Cutting plane line
R==e==0utline of parts
Sew=--Center line
Tw====Extension line
Uewee=fidden line
Vee===Qutline of parts
Weeww=Outline of parts
X====wOutline of parts
Ye=e==Section lines

Z===w=lidden line
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TESTING YOUR ABILITY TO .CHOOSE THE PROPER
LINE FOR THE PROPER PLACE.
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CHAPTER IX
TESTING YOUR ABILITY TO DETERMINE CORRECT DIMENSIONS
PURPOSE OF THE TEST:

This test will give the pupils e drill in reading a drawing,
help them to observe drawings more closely, give them a better
understanding of how and where to look for dimensions, as well as
how to place them on & drawing.

In this test, two or three views of an object are given and
sometimes a pictorial drawing is ineluded. A sufficient number of
dimensions are given so that all dimensions called for can be
correctly computed. It will be necessary for the pupils to add,
subtract, and divide fractions. Although such problems seem compara-
tively simple it is surprising how much mental stimulation and wvaluable
observation they provide.

ANOUNT AND KIND OF WORK TO BE DONE BEFORE GIVING THE TEST:

Working dreawings should be fully explained and three or four
drawings should have been completed by each pupil prior to taking this
test.

MATERIALS NECESSARY:

It will be necessary for each pupil to have a sheet of paper, a
pencil, and an eraser. An enlarged drawing of the test is alsc necessary.
INSTRUCTICNS FOR GIVING THE TESTs

After making certain all materials are available, have the pupils
fill out the heading (name, name of test, date, classification, etec.)
on their answer sheets that will best fit local school needs.

Explain clearly how the test shall be answered; as, for example,

A=?,B=17,C=1?, etc., that it may be necessary to add, subtract,
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or divide fractions, and that all fractions must be reduced to their
lowest terms.

The pupils should not ask questions while the test is in progress.
They should begin work when instructed to do so, work as rapidly as
possible, and not stop until finished.

When all have finished have the pupils exchange their papers for
grading, Read the answers, have the pupils check all mistakes, and
write the number wrong at the top of the sheet. Have papers returned
so that the pupils may ask questions. These questions should be
answered immediately.

USE TO BE MADE OF RESULTS:

Those making a creditable score, and by so doing prove they
understand the prineiples involved, should proceed with their assigned
work.

Those making a poor score should be assembled at a convenient
time for special instruction,

To assist these pupils explain the principles of the working
drawing using models, drawings, a screen, the blackboard, etc. Have
the pupils repeat the test and answer any question that arises.

The second test will require little or no explanation. The
purpose of the second test is to give more drill in determining dimen=
sions and to check the effectiveness of instruction given to the

slower pupils on the first test.



Testing Your Ability To Determine Correct
Dimensions. (1)

Acovew 1
Bewee- 1 1/2
Come== 1/2
Deweee 3/4
Beweee 1 1/4
Fowee= 1 3/4
Guee=e 3/4
Heweee 7/8
Touwane 8/4
Joweea 1/2
Kemee=m= 3/8
Lewew= 1 1/8
 — Y/}
Neweee 3/8
Omemmmm 1/2

Pewe-e 1/4

Reeee= 1 1/2
Sewce- 3/8
Tewwme 1/2
Ueeame 5/8
Vewee= 1 5/8
Woweee 1/2

Xewews 5/8



Testing Your Ability To Determine Correct
Dimensions. (2)

Amvemm 1
Bewe== 1 1/2
Conees 1/4
SR
Eeeeee 3/4
Fowene 1/4
Gueees 3/8
Hemeee 1 1/2
) (- 21/2
J 1
Kewees 3/8

|
Mewnee 1/4
Newam- 3/8
0 3/8
Pames= 5/8

A S—
Rewee= 1/2
Seswee 3/4
Toweee 1/4
U 11/4
| S— |

W 1

p S— /]
¥ 5/8




TESTING YOUR ABILITY TO DETERMINE DIMENSIONS
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CHAPTER X
Testing Your Ability To Choose And Properly Locate Views
In Orthographic Projection
PURPOSE OF THE TEST:

The purpose of this series of tests is to determine the pupils
ability to visualize drawings end to give them drill in this
fundamental,

The time allowed the pupil to learn each fundamental idea in
mechanical drawing must be ample, for, no matter how simple the problem
or how clear the demonstration preceding it, repetition of the
experience is necessary to make the element become & usable part of the
pupil's knowledge. Repetition of any point may be secured in a
variety of ways., Blackboard sketching, lecture, instrumental drawing,
freehand drawing, and testing, may be used over and over until the
principle or idea is firmly fixed. The emphasis here is that all impore
tant details shall be taught definitely, one at a time, with specific
attention directed to them, in warious problems which provide ample
drill. In testing it is best to apply problems to new situations.
Using some object in a test the pupil is familar with sometimes automa-
tically solves the problem for him., If the pupils have never seen
the object before they have a more equal opportunity of solving the
problem.

AWOUNT AND KIND OF WORK TO BE DONE BEFORE GIVING THE TEST:

The principle of orthographic projection should be fully explained.
The pupils should make several freehand sketches from objects and from
these sketches make mechanical drawings of the objects. Also, the

writer's experience shows that one or two drawings from a text book
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should be made before giving the first test.
MATERTALS NECESSARY:

It will be necessary to have an enlarged drawing of the test
as shown and for each pupil to have & sheet of paper, a pencil, and
an eraser,
INSTRUCTIONS FOR GIVING THE TEST3s

After making certain all materials are awvailable, have the
pupils £ill out the heading (Name, name of test, number of test, date,
classification, etc.) on the answer sheet that will best fit local
school needs.

Have pupils layout their answer sheets as follows:

A c
Frontee- Fronte=e
Top==emme Top=—emmm=
Righteew Righte=e

B D
Frontee- Frontee=-
Top===w= Top=emmeme=
Rightee- Righte=w=

By having the answer sheet filled out in the manner shown esbove
many questions will be eliminated and the test will be answered with
more uniformity.

The pupils should not ask questions while the test is in progress.
They should begin work as soon as possible and continue to do so until
they have completed the test. Those who finish should check thleir
papers for errors if time permits.

When all have finished have the pupils exchange their papers for
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scoring. Read the answers, have the pupils check all mistakes and
write the number wrong at the top of the sheet. Have papers returned
so that the pupils may ask guestions. These questions should be an=-
swered immediately.

USE TO BE MADE OF RESULTS:

Those making a creditable score, and in so doing prove they under-
stand the principles involved, should proceed with their assigned work.

Those making & poor score should be assembled at a convenient time
for special instruction. To help these pupils have them draw freehand
the front, top, and right side views of the pictorial drawings A, B,

C, and D on the test., After they have finished have them repeat the
test and answer their questions as they arise,

After the first test has been given very little explanation will
be required for the others. Follow the same proceedure for each test.
The instructor is the best judge when to use the remaining tests,
Results secured from these tests show remedial work to be done, they

are not, however, used for grading purposes,



Testing Your Ability To Choose And Properly
Locate Views In Orthographic Projection. (1)

A
Front - 9
Top: 4

Right side====- ©&
B

Top 11
Right sidewe===12
C

Fronteceececaeee= 2

Top 1

Right sidewwwwe 5

D
Fronteseseceae==10
Top 8

Right side===== 3



Testing Your Ability To Choose And Properly
Locate Views In Orthographic Projection. (2)

A

Fronteeeeeeeeee12

Top 6
Right side====- 3
B

Fronteesreeconase 4

Top 11

Right side===== 5

c
Frontesesssse==]10
Top 8

Right side--=== 2
D

Fronteseeeecane 7

Top 1

Right side---== 9



Testing Your Ability To Choose And Properly
Locate Views In Orthographic Projection. (3)

A
Frontesseceeees]2
Top 5

Right sidemwewe 3
B
Fronteeeecseae= 9

Top 7

Right side~ww== 4

c
Front= - G
Top 1

Right side=ew=== 11

D
Front =10
Top- 2

Right side=mw== 8



Testing Your Ability To Choose And Properly
Locate Views In Orthographic Projection. (4)

A

Front

Top 4

Right side===== 7
B

Fronte-eeeeeeee 5

Top 6
Right side 2
C

Fronteeeecessee= J

Top 11
Right side=we=w= 3
D

F‘ro nt o o S (S S0 S i 1

Top 10

Right side--e==12



TESTING

YOUR ABILITY TO CHOOSE AND PROPERLY LOCATE

VIEWS IN ORTHOGRAPHIC PROJECTION

(1)
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TESTING YOUR ABILITY TO CHOOSE AND PROPERLY LOCATE
VIEWS IN ORTHOGRAPHIC . PROJECTION (2)
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TESTING

YOUR ABILITY TO CHOOSE AND PROPERLY LOCATE
IN ORTHOGRAPHIC PROJECTION

VIEW S
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TESTING YOUR ABILITY TO CHOOSE AND PROPERLY LOCATE

VIEWS IN ORTHOGRAPHIC PROJECTION )
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CHAPTER XI

FREEHAND SKETCHING

These drawings are made on 22 x 28 inch heavy mat board. On one
side of the card is a three view orthographic drawing of an object
and on the opposite side is an oblique or cabinet drawing of the same
object. Only three problems are shown here but more problems can be
made to meet the needs of a class.

PURPOSE OF THE TEST:

It is desirable for the pupils to get more practice in solving
orthographic projection problems than is usually obtained in the
regular mechanical drawing courses. By using a series of drawings as
shown, much work can be covered in a short time. By having the pupils
solve the problems freehand at their tables no time is lost, and by
using cards prepared in advance the instructor is put to no disadvan-
tage by blackboard sketching. Problems can be worked more rapidly
freehand and hence a greater number can be solved. The instruction
and training in freehand drawing is highly desirable as a means of
clear, acourate, rapid expression.

AMOUNT AND KIND OF WORK TO BE DONE BEFORE GIVING THE TEST:

It is necessary to explain the three view working drawing. A
good method to use is sketching on the blackboard from models large
enough for the entire class to see. While sketching on the black-
board make a2ll necessary explanations, answer questions, and have the
pupils make freehand sketches of all work as it is placed upon the
board. Blackboard sketching is also excellent experience for the pupil

and if possible all the pupils should have an opportunity to do some
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of this work along with their drawing course.
MATERTALS NECESSARY:

It will be necessary to have an enlarged drawing as shown and for
each pupil to have a clean sheet of paper, a pencil, and an eraser,
INSTRUCTIONS FOR GIVING THE TEST:

Place one of the drawings before the pupils and have them proceed
as previously instructed, drawing the front, top, and right side views.
Do not hurry the pupils, but do insist on neatness and accuracy. Insist
also upon silence and eliminate as nearly as possible any opportunity
to do copy work. Very often a single glance at a correct drawing will
answer the entire problem.

USE TO BE MADE OF THE RESULTS:

When all have finished reverse the card so that the correct
orthographic views can be seen. This will give the pupil an opportunity
to check his own drawing, make his own corrections, and ask questions
on points not clear to him, These problems in freehand drawing correspond
closely to blackboard work in mathemetics.

These same drawings may be used in teaching cabinet drawing. Place
the three view working drawing before the pupils and have them sketch
a cabinet drawing of the object. It would be well to use isometric

drawings as well as cabinet drawings in this type of sketching.



DRAW THE FRONT, TOP, AND
RIGHT SIDE VIEWS OF THIS OBJECT.
PLACE THE THREE DIMENSION LINES
IN THEIR PROPER PLACE.
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DRAW FRONT, TOP, AND RIGHT SIDE MAKE A CABINET DRAWING FROM
VIEWS. PUT IN ALL HIDDEN THE THREE GIVEN VIEWS.
LINES.
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DRAW THE FRONT AND RIGHT SIDE MAKE A CABINET DRAWING FROM
VIEWS. SHOW CUTTING PLANE ] THE TWO GIVEN VIEWS
LINES AND ALL CENTER LINES.
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CHAPTER XII

CONCLUSION

For several years the writer used the instructional aids desecribed
in this study made up in hectographed form on eight and one half inch
by eleven inch sheets of paper. When this form of instruction was used
it was necessary to pass out the sheets to each individual, This
method consumed too much time and created some confusion both in dis-
tributing and collecting the papers. It wes also found difficult to
file these papers in an orderly manner. By permitting the pupil to
handle the sheets it was necessary to replace a few copies in each unit
every year,

By enlarging these units as described in the "preface" of this
study, many of the undesirable features have been eliminated. Although
the charts are large it is not difficult to keep them orderly when not
in use. With proper care they should last indefinitely.

Instructors of mechanical drawing often spend many hours after
school making drawings on the blackboard to be used for lecture
purposes the following day. The use of these enlarged charts will not
eliminate all blackboard work but will eliminate much of it. Some=-
times drwwingn.mndo on the spur of the moment are not as accurate as
the instructor would have them, whereas, the charts can be accurately
drawn with the use of instruments.

In schools where classes are large and the drawing room is used
by both beginning and advanced pupils, it is difficult to monopolize
the entire blackboard for one day, for one particular group. When

such conditions exist the use of prepared charts is very convenient,
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In lecture work in mechanical drawing as well as in other subjects
it is sometimes difficult to present all the details previously prepar-
ed in a lecture outline. By using a premeditated drawing that has been
thoughtfully and intelligently prepared and following definite in-
structions in its presentation this difficulty is to some extent elimin=
ated, It is also possible to systematically organize these units so
they may be properly timed in advance.

The original cost is the only cost of this type of instruction
as the answer sheets are made by the pupils. As the need arises other
instructional units can be added.

In the bibliography to this thesis, a list of references has been
given which could be of much practical value for those interested in
making additions to these instructional units. No attempt has been
made here to give tests for the sake of testing or for determining a
grade or score in mechanical drawing. Reasoning in mechanical drawing
is what is required today; and as this fact is realized, mechanical

drawing will be taught more and more as here given.
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