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CHAPTER I

INTRODUCTION

Drafting in its essence is an analytic-synthetic procedure. The
thought process must always follow a definite and sequential order.

The very first step the student must take is to analyze the problem in-
to its component parts; study each part carefully, closely observe each
detail, collect all the facts bearing upon the vproblem in hand, and ar-
range them in their proper sequence. This step presupposes a compre—
hensive experience of factual knowledge, such as the principles of pro-
jection, as well as the meanlng of every symbol, line, and figure.

This analysis is obviously an intense mental process, and mast take
place before a line is made on paper. The second step 1s the forma-
lation of specific conclusions from the facte, as the correct method or
procedure in the solution of the problem. In this step, the thought
is completed, and the student ie ready to apply the knowledge gained in
the first two steps. The actual drawing or application is the third
and final step of this process. The student in drafting must invari-
ably follow these three stepe, observation, reflection, and application
or execution.

The hand cannot be trained before definite and clear concepts have
been formed. Muscular activity begins only after the mental processes
have been completed. Thus, & complete co-ordination between the mind,
the eye, and the hand can be established and maintained. It is folly
to talk of the training of the hand without taking into consideration
the role the mind plays in this training process. It is what takes

place in the brain that gives drafting its greatest value.



It is obvious that drafting, when properly taught and motivated,
develops clear and definite concepts, stimilates exact thinking, and
forcefully demonstrates to the student the need for systematic methods

of procedure in the solntion of a problem.

The Problem Stated: The title: "Mechanical Aide to Assist in the
Teaching of Draftings.® This etudy ie made to obtain definite and
firsthand xnowledge of the value of mechanical alds and to determine
whether or not they may be of value in the indnstrial arts drafting
currienlun,

To justify continued place in the curriculum of the publie school,
a subject must be one with content accented as valuable for the stu-
ients who pursue it, and one of method so effective as to insure rea-
sonable mastery of the content. Drafting is one of the industrial
subjecte, introdaced early in the movement for "oractical® offerings
and ie today universally taught where industrial arts or trade train-
ing 4» recognized in the schools. Because 1t 1s so widely offered,
it !{8 quite logical 2and necessary that attention be given to basic
studies of mechanical aids in this field. Drafting instructors need
factual evidence 1n srder to better recommend improvements in its ma-
terials and methods.

As the industrial arts instructor extende his imnowledge of what
and how to teach, he is forced to the conclusion that vnast and present
practices are as varied as the number of teachers. The field of
drafting is not unique in this respect. Very few attempts have been
made to establish the superiority of any given method or procedure.
Since drafting instructors are attemoting to prepare students to take

their places and to function adequately in society, it is their duty



to investigate all possible questions relating to worth-while pedagogy
and presentation of subject matter. It 18 in keeping with this belief

that the material presented, here in, was undertaken.

Purpose of the Study: This study of mechanical aids is being made

for the purpose of planning the procedures that might be used by an in-

structor who ie introducing the subject of drafting into the industrial

arts curriculum for the first time. All the equipment introduced is
practical andi common enough to justify its use in such a course.

There is a great need for well planned drafting rooms, class room

teaching aids, and the more useful methods of duplication that will

helvp the instructer eliminate many of the common mistakes, made in the
establishing of a drafting department.
Specifically the purposes of the study are:

1. To classify the tyves df duplication, that could successfully be
used in a drafting department.

2. To oromote a clear understanding of the simplicity of the more com-
mon useful types of dnuplication, and their application to the teach-
ing of draftine.

3. To arrive at the most satisfactory procedure of planning a drafting
room.

4, To facilitate the mechanice of organizing a drafting class, for
permanency of data, economy of space, accessibility of floor space,

and storage of supplies.

Limitations of the Study: Perhaps the most important limiting
factor of this study is time, A survey of manufacturing concerns, in

which drafting plays a vital part, would be interesting and beneficial.



Statements of leading educators, concerning the value they place on me-
chanical aids to assist in the teaching of drafting, would greatly add
to the study if time permitted.

It would be a presumptive thesis indeed, that womld pretend to
explain accurately down to the last detall, the workings of the vast
amount of mechanical aids in the teaching of drafting. The reading of
volumes of material are no parallel for =ractical experience. This
may contribute a background for better understanding, but provides no
substitute for firsthand inforamatlion gained by actually seeing the
various aidse in oneration.

Thie thesis is no encyclopedia. It containe no mathematical
problems, or detailed discussion of intricate construction, complicated
processes, maintenance methods, or visual ailds. The author is not an
engineer but an instructor, starting from the beginning in this matter
of mechanical teaching aids. With this aim, the discovery of the an-
swer to general questions from the instructor's point of view will be
accomplished. Wherever possible, the technicalities have been taken
out of what threatens to be a highly technical subject. The writer
wishes to succeed, in even a small way, the development of what is cer-
tainly an important subject by making it more comorehensible. If this

18 accomplished, then this writing is worth its while.

Besearch Technique: In the writing of this thesis the library

technique was applied, for all available material, in seeking the facts
necessary to presenting this study of mechanical teaching aids. The
history of duplication was reviewed with an attempt to obtain the
earliest possible origin of the vrocess. Books and articles written

by recognized aunthorities were used as references in discussing the



methode of duplication. In regard to the mechanical alds listed, the
writer has supplemented the research with the experiences of instruc-
tors in the field of drafting, and the personal experience of the

writer.

Definition of Terme: In order to clarify the concents represented

by special terms used frequently in this study, the following defini-
tions are offered. The definltions found in existing literature are
given proper references, otherwise the definitions are proposed by the

writer.
Drafting. The art of drawing. (8, page 124)

Mechanical Drawing. Drawing accomplished with the use of in-
st rument s. Technically, the term includes orthographic projec-
tion, architectural and engineering drawing, various kinde of per-
gepectives, and projections. (8, page 2u8)

Industrial Drawing. This includes mechanical drawing., ma-
chine drawing, patent-office drawing, pipe drawing, charts, dia-
grame, graphs, mars, tables, electrical drawirg, furniture drawing
and design, sheetmetal drawing, structural drawing, and any draw-
ing used in induetrial pursuit. (29, page 3)

Sketch. The outline of chief festures of an object, usually
drawn freehand, and servee mainly as a rough draft. It should
give cenplete information regarding size. It 1e veually made as
a prelirinary step to a finished drawine. (29, page 3)

Hectograph, A gelatin pad for making multiple copies of
drawing or writing. (1€, page 193)

Duplication. Process of reproducirg a number of printed,
drawn, typewritten, or handwritten copies of material needed for
some specific purpose.

Stencil. A piece of thin sheet metal, parchment, paper, or
the like, sc perforated that when it is laid on a surface and
color or ink is applied, a desired figure is produced. (42,
page 375)

Mimeograph. An apparatus in which a thin paper, coated with
paraffin, is used as a stencil to reproduce copies of writing or
typewriting. (8, page 252)



Photoachemical, The usines of reflected or tranamitted radiant
enersy, 1ia the for. of lizht, to canse chemical changes to take
nlace on sensitized paper, cloth or film.

Bloegprint. Drawinz which has been transferred to chemically
tresteld --~-er by exposure to electriec lisht or sunlight, and then
processe’. Process known as "bluenrinting.® (28, vage 533)

Qzzlil. The name applied to a German process, whereby paper
sensitized with diazo ~ompounds and exposel to emnonia vapor,
will yield a positive inage. (36, page Y1)

Zguipment. Any tool, eitter mzjor or minor, that makes it
possible for a verson or persons to express thenselves to advan-
tarze throusr the materials of their choice.

Industrial Teacher. A progressive industrial teacher 1s one
who is "gzoins places.® He is one who ie not satisfied with pree-
2nt achievements; he is striving toward soals not yet realized.
The progreesive teacher thinks in terms of what lies before him.
(41, page 4)

Laboratory. The term "laboratory® is gredually replacing the
term "eghop" in rtany progressive schoole. The term "laboratory"
infers a tyce of industrial arts instruction based on stndent de-
velopment ia which there ie freedom for creative and investigative
work as well as the makins of projecte., (22, vage 133)

Creative Teachin:. Creative teaching uses the tried ideas of
vesteriny, btut rore extensively the mature judegment of today and
the evolving ideas of tomorrow. (Y41, page 569)

Need for thls Stuly: Drawias is the universal granhic lansuage of

the worii. FProfiecisncy in the expression of this lansmare cannost be
acquired by one who has not first mastered the technique in the han-
dling of mechanical devices, with which thi'% language is exnreszed.
With correct mechanical devices and vroper suidance, there is little
to prevent a student scquiring the manual dexterity vhich he needs to
produce the best work 1 the least time, Instill in the student the
idea that the measure of one's ability is power or rate of dolng work
and not just work without the time element.

If all implications are carefully weished, it mzy bve rightfule

assumed thnt drawine should be offered to all students as a general
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subi-ct in the junior high school. It should no longer be considered
si 11y as shoo adjunct, but a langunge subject useful to all. Since it
is useful to many individnals in different walks of life, course gffer—
inzs should be patterned more closely to the life situations of the or-
Ainary individual.

The meane of interesting the stndent in general drafting is to

teach the student by a series of easy, carelly rraded instrmetion

m

heet:, Throusr these, he acgnires the essential technigues of the

]

rt ot draftine, In this uanner, the student will acquire dexterity
in the use o” the mechanlcal devices placed at his dienosal and acquire
a working knowledge of the essential phases of drafting.

Instractors will find that students are encomraged to put more ef-
fort into their work, if a snecific system of gradins is used. The
point syatem i- easily éxplained and may be used with a great deal of
satisfrction. More consideration of the quality of the drafting,
rather than in the quanity, gives the student a clearer underst=ndings,

The inetrctor sho .1 develoo the facility of ease in maiing teach-
ing aids, the prime function of a draftine cmrse. The student will
not azcquire the ability of visualization, neatness, aceuracy, or speed
without the abilitv to manipulate witn dexterity, the mechanical de=

vices placed at his adisnosal by the instractor,



CHAPTER 11

REPRODUCTION AND DUPLICATION

Durlication is the process of recroducing a number of printed,
typrewritten, drswn, or handwritten copies of materizl needed for some
epeclfic ovurypcee. The mctual work involved in duplicaticn is often
one cf the service functions perfarmed by the drafting imstructor.
Bulletinse, rerorte, charts, graphs, maps, instructional material, many
tyres of industrial arte forme, drewinges of many typee, and tests can
be revroduced profitadbly on sprrepriste devices.

Altrouvgh duplication rrocesses and machinee are adapted to many
needs, some are intended for certain kinds of work, In selecting the
proper process or machire, the drafting instructor should conslider its
application to the work, tcgether with the speed, ease of cperatiorn,

durakility, anc cost factors,

Various Processee: The variouse processes may be grouped in ac-

cordance wit! the general similarity in methods. The mechanical proc-
esges, Part A which follows, form a group which includes carbon ccoy-
ing, hectcgraphing, and mimecographing. The photocremicnl processes,
using reflected light, include photegraphy and photocopying. The
photochezical »rocesses, requiring transmitted light, Part B, include
Blueprintirg, 0Ozalid Printing, BW Process, and Van Dyke. (8, page
533)

There are many types of reproductions 2nd many methods for making
ther. This thesls deals only with the most imnortant methode, and
will deecribe the tyves of reprcductions and the various methods used

te produce the:. It ia not intended to give a complete and detelled



description of every operation necessary t¢ procure copies of a needed
material. But rather to convey a general idea of the different proc-

esses usged.

Part A

CAREON COPY

The carbon copy method of duplicaticn is one of the simpleet and
least expensive methods, if only a few coples are required. With thre
firm striking of the keys of a typewriter, it is possitle to preduce

as many as 10 copies on thin tissue paper at one writing.

DUPLICATING BY HECTOGRAFH

In the up~-to-date office, or school, modern duplicating equipment
has largely suvplanted the hecteograph. This eimple device, however,
continues to be scld, and used, in large numbers irdlcating that it
muet have some advantages over the modern methode.

"Hectograph® comee from the two Greek worde "heco® meaning hun-
dred and "graphein® meaning to write. This descriptive name is suita~
ble, feor under ideal conditions the hectogravh will produce about one
hundred legible copies. Wedbster's dictionary descrides it as a “con-
trivance for manifolding a writing by traneferring it to a slab of
gelatin treated with glycerin, and then taking transcripts from the
gelatic.

There are several types of duplicators which fit the dictionary
descriptior. Many of these, however, are better known by trade names.
In general, the term "hectograph" has come to refer to the most simple

style of gelatin duplicatcr, the pan style. The writer will use this
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term in the writing of this theeis. (33, pages 292-300)

Famous Inventor: It was in 1780 that the vereatile inventive

mind of Jamee Watt of stezm engine fame developed the firet method of
office copying. By writing his original with a flutinous ink, he was
able to produce a few identical coples by preesing moistered sheets of
very thin vpaper agaluet the original. These copiee, then have to De
read through the paper since the transferred image was a negative.
This, obvicusly, necessiteted extremely trin, transparent paver.
Strangely encugh, the English business men objected strenuously
to Watt's invention because they fesred that it wonld lead to forgery.
This prejudice undoubtedly was one of thre main reasons for the negli-
gible success of Watt's inventicr. It wes not until the advent of
the gelatin procese a centwry later that this type of office printing

came into favor. (31, page €7)

Germen Discovery: Alexander Shapiro originated the hectograph or

gelatin process in Germany ir 1880. His discovery was nct put into
wldespread practical usage, however, until 190C. At this lzter date
and shortly thereafter, several gelatin duplicator companies were or-
gonized, and this method of reproducing ten or fifteen eccnomical

covies began to come into its own. (€, vage Uf)

Container: The hectograph consists of a flat container filled
with a gelatin comround and a cever to keep the surface clean and to
prevent drying out. Scmetimes sinple metal pane with separate lids
are used as cortalners. Othere are made from wood. These are often
"double” or "took style."™ That is, when opered tre box revezls a

gelatin surface on each side, the tws esides being hinged together.



The ccntalners vary in size, but should be somewhat larger than the

copy paper go that the cories may be ezsily lifted from the gelatin.

Gelatin Compound: The gelatin compound must be replaced if the

hectogragh recelves extensive use. Witk care the original compounc
will de 75 to 100 printing johe. It finally becomes so ink-filled
that good results are unobtainatle. The gelatin coxpound may be pur-
chaged {n one round and twc aznd ore-half vound cane. The can is
placed in a pan of hot water until tre compound is melted. The com-
pound ther may be poured into the pan from which all of the old com-
sonnd has been scraped. The pan is then allowed to cool, on a level
surfsce, while the comncund is hardenire. A pitted or damaged surface
may be renewed by remelting the compound and pouring it back into the
van. After the com-ound has been poured, bubdbles appearing on the
surface should be drawn off with the edge of a paper card. If this
isn't done, a it will apvear at the site of each bubble after the

hectogravh is used. (16, page 193)

Master Coplee: Master copies and impression copies should be made

on a hard surfacs paper. Soft papers absorb too much of the ink and

make a fewer number of legible copies. Master ccrlies may be made in
a number of ways. Hectograph ink may be purchased in several colors.

The old stand-by ls purple. It seems to hold up better, for more
coples, than soxe of the other colors. Red, héwever. gives very sat-
isfactery resulte. Other colors of ink avallable are blue, black,
and green. Black ap-ears more like blue on the copies. Ink bottles
must be kept tightly corked or covered as the ink thicknese rather rar

idly. It i8 well to examine hectograph ink before purchasing it.

11
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Quite often the ink thickens on the dealer's shelf due to iaproper
corking. The pen sho21ld be cleaned immediately after finishing the
inking. Often 1t is necessary to wash and éry the pen during the in<-
ing proacess as an accumlatiorn of dried ink on the pen tends t» widen
the lines and make a blur. Hectograph peancile are available i{a violet
and other ecolors, althoush vencils produce fewer coples than ints or

carbcnsa.

Hectograph Ribbons and Carbon Paper: EKeciograph ribbons for the

typewriter are coavenient to use. These come in parple and red.
Hectograph earbon comes in various colors. Here again, the purple
seens to give the begt resnlts, Unit masier carbons may be purchased.
These are degigned for the type of duplicator which takes a reverse
CODY. Howevsr, they may be used on the pan style duplicator by re-

versing the it and tyving on the back of the carbon sheet.

Trangfer Prineipie: The hectograph ooerates on a transfer princi-
ple. Tne message is drawn, typed, or written on the master sheet.

Tae surface of the gelatin is washed with a snongze or lintless cloth
and warmn water, Excens water is suvonzed away. A little practice
will show the user how damp the surface should be, The master copy
is laid face down on the gelatin and smoothed well to iasure comnlete
contact. After a minute or two, the master copy is on the gelatin
surface, Ae soon as the master covy is8 removed, one may begin making
conles by smoothing pleces of copy vpaper cver the inked surface one by
one and removiag them immediately. As each copy is removed, it takes

with it a very thin coat of the gelatin and an ixpression of the orint-

ed, written or drawn messaze on the master copy.



When the desired number of coples have been made, the surface of
the gzelatin should be washed off with warm water and the excess water
sporged awn;. The amomnmt of time which elapses before the surface can
be used agaln varies. If the previous inking was light and the sur-
face thoroughly scrubbed with hot water, the surface may be used im-
mediately. However, the hot wanter and serubbing dissnlves a consider-
able amount of the componnd and tends to make the surface of the gela-
tin uneven. It {8 better to wash the surface with moderately warm
water and allow it to stand a day or two or longer, before attempting
to nee it mozaln, Srecial soaps may be rurchaseld for easy removal of
stalnsg left on the hands when handling the inks and cardbons, (31,

vages 0R-70)

Advantages: The advantages of the hectograph are; (1) it is eco-
nomical, (2) it is available, (3) it requires a small amount of storage
space, (4) 1t is relatively light in weight and portabdble, (5) multinle
eolerinz may be used in the drawinz, and (b) reverse master copies are

not required.

Disadvantageg: Some of the disadvantages of the use of the hecto-

eravh instead of other duplisators are; (1) it is a slower method, (2)
fewer copies uay be male, and (3) black printing is no% possible.

It may be coneluded that industrlial arts duplicating definitely
needs a quick, econnmical method of reproducing a small numder of
copies of instrnetion sheets, drawinegs, shov forms, etc. The gelatin
or hectograph Trocess is the sractical answer to that need. It is - not
intended for long runs, »r for making permanent records, or for dupli-

cating that requires shary, black impressions. Used properly for jobs

13



where requ’rements meet these lititations, the hectogranhic vrocesses
undeiably nzy their way. Any effort, however, to malke the hectograph
taze the place of any other duplicating method is not one of economy in

any eense of the word.

T —my WIS T YA LMY T
..;L,D TIZLICATION

It wae i: the year 1900 when 2 nan emoloved in the shipning depart-
ment of a larre mail order heouse naticed that orders, tags, bills of
ladings anc other shi iny and invoice forms were being rewritten, not
once but many tiaes. He was anovalled by the unnecessary wnste of time
and money and the inefTicient zanner of handling this imvortant fune-
ticr.. A van of relatin rioved to be a vractical answer to this wrod-
lew. With it, all eonies formerly rewritten conld he renroduced nore
gulexly and accurately.

For 100 vears o= mare, “he hectosrant and its zntecedents had
been used for makines coniee, An orisinal written with {nlelible 1k
wag transferred to the selatin surface and from that impression 29 to
50 cories wire reonrolaced. The only improvement that had been made in
thit vrocess was in 1832 when a German company manufactured the rela=-
tin i1 lony sheets wound in rolls which were used i- 2 wooden box

with suitable suides and ratciets. (&, page 43)

An Ideg Tuece Forw: COrude as it was, thils device seemed to have
real possibilities. It was ensier to make conies, and it nrovided
much more gelatin surface on whiech to run cocies than the gelatin pan
afforded. Inspired by the ides, the mall order man auit his jodb and
set about building a better dunlicator. In an old buildins on the

west side of Chicago, he developed his jdea. This was the birth



15

place of the first Ditto machine. By 1902, he had created the
"Billograph,® a sectional metal device with bednlate, side frames and
carriage, It had plenty of faults, as in the case of most early in-

ventione, and went through a period of development.

Sound Foundation: 1In the fall of 1909, J. A. Joy and T. W.

Robinson, Sr., both successful business men, became interested in the
Billograph Comvany. By 1918, the company was well established. (12,

pages 26-28)

Direct Process: In the period following 1930, a new process ap-
peared on the market, the liqﬁid or spirit method of duplication.

It was apparent that this process sunplemented the gelatin proceses.

It did many of the things that gelatin process could not do. The re-
sult was a line of machines which were far superior to any liquid proc=-
ess duplicators. New direct process supplies were socn developed,
such as duplicating liquid, direct process carbon papers, masterset

(combination carbon and master naver) and a svecial technique of print-

ing through carbon and mastersets. (14, page 53)

Direct Process Duplicating Principle: There are no stencils to

cut, nc type to set, no mats to sensitize. The Ditto original is a
sheet of naper. A deposit of dye is placed on the sheet by writing,
tyrewriting or drawidg thru Ditto direct process carbon paper. The
carbon comes in four colors, vurple, red, green and blue. All colors
may be applied to the same original and all will reproduce in one
simple operation.

The master or original, prenared in the same manner as you would

write or type a letter, is ready for instant use. The master is then



clamped in the duplicating machine and the copies are run. If only a
few copies are rn, the original may be filed and re-used over and over
again until all of the dye depnsit 1s exhausted.

The duplication of drawings in color is amazingly simrle. Just
draw on a sheet of paper through direct process carbon using any of the
four colors available. The carbon copy becomes the original or master
from which the conies are made.

Duplicating carbon vaper, typewriter ribbons and pencils are
available in four colors, vurple, red, green, and blue. Fluid inks
are crovided in eight colorse, vurnle, red, green, blue, black, vellow,
brown, and crange. Any or all of them may be copled in one operation
direct from the original writing or drawirg. A moster may cordine

tyving with percil or ink drawing and lettering. (21, pages b8-71)

Advantages: The advantazes of the Ditto duplicating process are
a8 follows;
1. Copies direct frow original writing, tyoving or drawing.
2. Copies 4 cclers 4rn one oreration.
2, Makee 100 or mofe copies per nimute,
4. Produces 30C and more coiles from each origirnel.
. Coples fcrms on any size paper until the maximunm of the machine is
reached.
€. Copiee on varyine weighkts of paper and card stock.
7. Origicals may be re-used until entire ink sunply is exhausted.
Z. Delivers copies face ur.

. Bequires only one turn of handle for each couy.

Disadvaontagesg: Perhars the greatest disadvantege of Ditto

16
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duplication is the tendency to fade over a period of time, therefore,
thie method covld nct be nsed for the makins of permanent recorce.

It may be concluded that the importance of Dittec duplicating de-
rence upon the individual using the equipment. A study of the physical
vreperties should be supplemented bty an "exploring" method used to be-
cone acquainted with duplicztion. The great secret of perfection in
duplicating is continuous practice and a complete willingness to deter-

mine ceuneses and resulte.,

MIMEOGRAPH

—— ——

Transferring an image by means of a sterncil js a process handed
down from the ages. Playing cards, silk prints, vases, labels, and
victure books, are an example of the multitude cf printed pieces pro-
duced by the ancients with the help of stencils and pigments. They
are significant in that they indicate, by virtue of their long 1life,
the tremendcus part played by the stencil irn the development of dupli-
cating. A stencil ig a sheet of pome non-porous material so perfo-
rated that when a colored substance is allowed to wenetrate through
the perforations to a closely contacted surface, an image, identical
to that marlzed on the stencil by the perforatione, is left on the c¢on-

tacted surface. (7, page 59)

Fariy Liritations: ZEarly and widespread use cf the stencil metl-

od of rerroduction had limitationec. Large areas c¢f reading matter
were considered impractical for stencil duplicatiorn. Moreover, solid
continuous lines presented difficulties. Thege two obsiszscles elone
were encugh to turn the early exnerimenters in the fleld of printing

away from the stencil as a printing medium. It was not until modern



business suddenly demanded an easy, fast, economical way of reproducirg
form letters that stencil duplicating came into its own. Once more

necessity became the mother of invention. (20, pages 55-56)

Electric Per: Thomas A. Edison's electfic per, introduced in
1875, was the first step in modern stencil dunlicatine. It consisted
of & "pen" with an electrieally vibrated needle point which left in ite
vatl a series of minute holes in the paper on which the operztor was
writing. Thue was made an autogravhic, handw-itten, stencil fronm
which as many; as 5,000 coples, dependent upon the lastirg qualities of
the vaper from whick the stencil was made, could be produced. The
"presg" ircluded ir Edison's stencil process was simnly a frame in
which the stencil was held so that the ink from a felt roller passed
over the stencil surface, could penetrate through the perforations to
leave an impression of the stenciled matter on the paper beneath. It
is estimated that at one time, about 60,000 of these electric pens
were in use thrcoughout tre werld. (7, pages 175-17¢) (2%, vage 339)

The fame of Edison's electric pen had not reached the ears of
Albvert Blade Dick, a young mid-western lumberman who rebelled at the
waste of tine and effort in copying daily price lists. The modern
method of stencil duplicating night never have been discovered if A.
RB. Dick had been aware of Edieon's dunlicating device. As 1t was,
after & long siege of unsuccessful exveriments with many different
iders, most of them based on the stencil principle, chance finally
tcook a hend in hig efforte. Seated at his desk one day, tre young
inventor leid upon an ordinary flat file a viece of waxed paper, such
as used to wrap cand;, and casually drew an awl across it. Upon sub-

sequent inspection of the parer, he discovered that the awl had left a
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path of tiny perforations. It was in 1884, after much experimenting
that Mr. Dick finally had a file plate, a properly coated wax paper,
and a stylus wit} which to write. Viith this equipment, he proceeded
to turn out his price lietse and form letters more easily and econoni-
cally than could be done with Edison's electric ven.

It was in 1887, when Mr. Dick aprplied for a patent for his stencil
~rocesg, that he ran acrose ¥r. Zdison's electric pen. When he took
nis idea tc the great inventcr, Mr. Fdison was so impreessed with the
sirzplleit: and economy of AL M. Dick's nrocess that he agreed to permit

its zmanufacture and s2le and to allow his name to be associated with

the stencil process. (7, nage 17b)
Compary was Forzed: A company was formed to make and sell ma-

chines ard eupplies for stencil duplicating, and a trsde-mark was coin-
ed t~ identify ite rroducte. This wne the word "Mimeograph," which
wag made bty combinin: two Greek words, "mime" and "graph" with an "o"
inserted fsr euphony. The stencil duplicating machines and supplles
which A. IZ. Dick Comuany has sold under this trade-mark have become so
widely known and used that the trade-mark "Mimeograph" like "Kodak"

end other well known trade-marks, have become more widely known than
the name of the manufacturer who owns the trade-mark.

There is little dcubt that stencil duplicating in Americs owes
its rapid and widesvread growtl tc the Mimeograph machines and stencils
as developed by the A. ‘. Dick Company. In recent years many differ-
ent makes of stencil dunlicators and other stencil duplicating equip-
ment have beer introduced both in America and abroad. In Europe a
stenc’l dunlicator cslled the "Cyclostyle® was introduced in the early

Eighties, by D. Gestetner, but the development of the stencil process
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there was not z8 ranid as it wze in Amerlica. Tecday, stercil duplica-
ting throughout tre world has reached a remarkable state of Iigh quali-

ty and carabilities. (i, page 1)

Stencil Dunlicatings Today: Stencil dunlica‘ing today is a highly

devel- ed nreocess, M lize the major printing processes it is essenti-
aliry individualized. Letterrregs and offeet-lithogravhy were orisir-

ally found cnly in the job=rrinting nlant. Later, indiviinalized
equipmert for the office w-s develoned by adaption from the larser
forms of those rrocesrev, Stencil durlicating, on the otrer hand,

had ite oricsinal basis in individumlized dunlicating. (7, page 177)

Stercil Sheet:. Actunlly, tre heert of the vnrocess 1s the sterncil
sheet . Trhe duplicator is simply tre machine t  which this stencil is
attacheld to transmit ink through the ovenings in the stercil to the
paper, thereby leavings the desired impression. It brings stencil,
paper, and ink togetrer at the proper tire.

The all-izportsnt stencil sheet is easily prepared by any of the
following; the typewriter, a stylus and a specinl drawing board, a
vhotogrannic process, or a special process of die-impressicr. Kach
cf these ie a contributory factor in making stencil duplicating a com-

plete process. (1, pages 6-7)

Three Majcr Steys: There are three major steps, to consider in

regard to the stencil nrocees. They are; (1) planning the worlk, ((
orevaring the machire, and (3) operating the machine. The job to be

stencil-duplicated muet follow all three onerztions.

Planning the Work: Since speed and low cost are orirce factore in




this oprocess, srecial attention must be given, in planning, to the most
efficient method of decing the jot. If the ccpy ls entirely type-
written matter, the typewriter is obviouely the means of prevaring the
stencil sheet. Wrongly spaced and unattractive work, as well as waste
due to ruined stencils, is prevented by cerefully determining in ad-
vance just where the copy must be placed on the stencil sheet. Later
this advance positioning shows its value ir transmitting tre image to
its preper vlace on the raper, particularly helpful where close regis-
tration is desirecd.

Often tyvnewritten work is not a2ll that had to be considered in the
rlanning. In stencil dupliceting, as in the other processes, 1illus-
trations and rules play an important nart. These, therefore, cust be
planneé for. In any event, the comrlete couv that is to be put onto
the stencil sheet 1s alwasye carefully positioned before nroceeding

with actual stencil prepzratior. (2, pages 273-275)

Izportance of Tyvewriter: Since by far the most of all type mat-

ter in stencil duplicating ie typewritten, the typewriter becomes the
typesetter of this process. The simplicity of this typing operation
is one of thke key factors to the succees of the stencil vrocess. It
simvly involves inserting the stencil sheet into a typewriter and tyo-
ing the cory as though it were an ordinary letter. Inasmuck, as the
stencil sheet consists of an extremely thin, fibrous sheet covered
with a plastic chemical coating, the striking of the tynewriter keys
against the stencil sheet vushes the coating aside or nresses it
through, leaving the fibrous sheet exmnosed. This sheet is strong
enough tc hold the stencil sheet together and porous enough to allow

Anhe ink to pass tkrough.



Illustrative Pertione of the Sterel Trere ars two or three ways

e Dottt 1 i 5501 e

of makirg tihe Pllustrative rortions of tre stenctil. One methrod, tre
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nost comuonly wised, ls by means of a transparent drawing benrd, F
and A stylue, By drawing on tre stencil sheet with a metal stylus or
ven the coating is vushed aside and &>rougk, as it 1s in typine, and
an luure is left that will allow ink to pass through to the paper.

This stylus work is facilitat«l by the transvarent drawing board which
peruite the tracins of sicturer, Adrawings, ard diagrazs. Ruling, tonc,

m

is acecomnlished rezdily by means of tre drawing board and the T-square.
¥ £

(1, lesson 4

Ir addition to thic manaal net’ 3, {llua*rative material can de
exactl; re roduced onto a steucil sheel br means of ~ lintograohl
CIOCeSE. Most gers of the stencil proeess hvwe this done by sone
company esyecially eguinped for ithis ourpose; a few, however, have snuf-
ficient an-ilcation t¢ warrant installation of the necessny phots-
gr-ohic eguinment. Theve, alss, are ivallable nhotosraphiieally pre-
pared illnstrations all rea’:;r for uec, This can be snliced into the
stencil by a simile ecatting and pastlag process.

The finnl methad, one thnt is of narticular valne in the dunli-

atina 2f filled=i» forms aul reporte, is "steccil-die~inmrression.”

Thi» setlod conmbines permanent headinss, ralad forye or desizne, with
varinble facta, fisures, ete., in one duplizating operation. This is
accounlisghed by having the rernanent mat tarial fmnressed onto the sten-
cil sheet by means of a metal die, The varieble matter iag then ensily
added b any of the resular stencilizing proceuses, e original ap~
plication of t-is method provides for impressions »f the rermanen

material asnto a nunber of stencil sheets, T™ma, it 1s unnecessary to



reproduce the entire forn whenever the variahle material is added to

complete the necessarr laformation. (3, rares 332-333)

Coloy Work: Just a word should “e sail mere in connection with
color woar< In the stencil mrogernc. If two or msare cnlors are used and
1f the different colored sectisns of covy are senarated from each other
tr a btlank sopace of a* least on {nch, all c~lors can he run at the same
time, The stenclii, therefore, is prenarel just as if it were to de

rir Yn onlv one colar. If, however, the colors are not adejuntely

ey

searated, a different stencil must be prevared Ior each conflicting
color sectic:. Later, the stencils will be run sanarately on the saze
ilmpressive vaper, thereby deonsiting their reenective color inmages in
nrager rosition, Needless to say, these different sectioneg of cony
aust ue ac-urately positiored on their resuvective stencils 3o that each

stencil as it leaves its iuznge on the {mpression paper, fits iato g

well balanced -asze. (1, lesrons % and 1)) (12, vpages 26-2%)

Ingiag: Thé inking in the stenclil nrocess ls different {roa any
of the =ajor processes ia that the inic is ampliezd from the “inside out®
rather thar from the oatside, as 1n other processec. Located juat
above the path of the naper is a larze eylinder with a »nerf{orated sur-
face, Over this verforated surface i{s attached an ink vpad. This pad
is inked, when necessary, with liquid init throach the nerforated sar-
face from a reservisir inside the cylinder. Over the ink »ad 1is
stretched the stencii, 8o that in the dunlieating »rocess the ini can
come throuch all the minute openiass that have been made in the sten-

cil. (30, page b4)

Transferring the Ina-e: The actual duslieatings, the iransferrine

23



of the imaze to the paver, ia, of course, the 2ltimate alan 2f the whole

aracaess, As the paper is fed into the paper "atops"™ in tinme with its

arrival, the crlinder revolves and brings the top of the stenc'l down

to meet the top of the vaner, As the ston releases the »aper and it
moves farwaré, the cvlinder cortinnes t3 revolve, and the inpression
;ller comes up from below the paper to »ish i1t nn against the stencll
on the crlinder. Thig i3 the actnal durlicatine. The pregsure of
the Imrresgiosn roller acsingt the stencil and the init pad beneath it

squeezes just enough inx ont of the pad throuch the openings in the

steacil to deposi’ on the naper the imace that has been stencilized.
The process is completed when the entire imase has been Impressed on

trhe pavper and the finished copy is dropped into the receiving tray.

(22, pages 29:=294)

Stencl: Maplicating 1: the Sghosl: Sweel, economy, siupliclty,

-

satisfactory gquulitiec, adaptability, all of these have been constantly

in mliad of those interested i-, and responaidtle for, the develounent of

stencil duplieatine~. A stencil ¢an be nrenared and 1,000 conies run
fro. it {r less than one hour. The cost of materiale, equionent, and

operator's time are relativelr low as nn part of the nrocess Tequires
technically or artistizally trained operatore. Tre nrocess is not
limited to one tyne 3f daplication, it has rerarkable vergatility; as

go2d stencil “rocess work enupares Savorably in quality with any of the

other durlicnting nrocesces, Steneil durlicating can be carried sn
right in the achaol n»roper. The equipment takes un little gsace, and
most of thie newer machines are excentionally quiet. {07, paree 92-94)

Lirltatic:n: Half-tones and larese 8711d areas cannot be durlicated
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satisfact-rily Ly means »f & stenc!!. The stenzil, tac, although

8 rarely used for ruus

(e

those of besy quality are surorisingly durable,

of over -+, O00 coanles. That is the principle reason for the gzeneral

(e ]

rile that stencil duplication's practical valne begins at 19 copies and

endes at 5,000, Thnis does not mean the stencil process should never be
ascd oo long rns, Iandeeld, there have been cases where aany more
cnoies were run from one steactl. These are exceptions, and for the

average user of stencll dunlicaling they are econsmieally in-ractical.

It may be concludel that stenecil dunlicating br virtue o7 its ori-
zin, its develoment, and its ver:y nature, is undoudbtedly one of the

important school duvlieating processecs. There are casrs where the

work {g all of snch rature or quantity that setting up the stencil oro-

‘cess to handle it would be utterly unecananiesl, in terma of time and
resuits ackleve:, Many industrial arts instruetors, however, find the

unasnal versat! ity, elos’icits, and economy of the stencil process an

irresistible recouamendatior.

The method moet comzonly used tv- wroduce duplicate o .iesa € oris-
inal nians for the unee of the conetruction engineer in the field, the
workman in t e shop, »r for ase 12 the drafting ladoratory, is that of

bluenrintins,

History: In 1775 trne nriascioles of modern blueprinting werc dis-

covered in Zngland, but it was sixty veare ‘efore Sir John Hersc'.el

first a»plied those priacisles oractically. It wns one hundred years



later that the process was introduced to the United States at the
Centenniel Exposition in 187t. For a process, as widely used as Blue-
grinting. to wait one hundred yesrs for general use in America is an
amaging thive. (L, page 7)

J. Norman Jensen's coments on the early history of blueprirting
are as follows:

In 1875, Sillimen and Farnsworth of New York City were engaged
as Architecte for the Chemical Leaboratory Building of Vassar Col-
lege. This buildinz had been donated tc the college by the sons of
Matthew Vassar, founder of Vasear Colless. Silliimar and
Farnswerth had been selected for thies worr because Mr, Silliman
was aleo a chemist and familiar with laborstery requiremente,

Mr. Sillimen brought from New York City three blueprinte of
the proposed laborstory buildins. They were a sens~tion in
Poughkeepsie, N. Y., and well they might, as they were the firet
btlueprinte ever nrocduced.

Prier tc 1879 covies of orisinal plans had been made by trac—
ing laboriously each set on tracing clott. A fellow memter of a
chemical society in which Mr. Silliman w:ze =mctive discovered the
formula for tre blueprintins chericals. No patents were obtain-
ed., Silliman and Farnsworth tried out the new formula at tleir
first opportunity and brought the blueprinte to Poughkeevsie.

Blueprintirg ir those esrly days could hardly be called a
fine art., The instructicns which accompanied the formulsz stated
that the chemical solution should bte spread on the vaper evenly
with a snonge in a dark room. 1In applying this sclution the
blueprinter's hands were dyed as blue as Sis EHopkin's hair rither.
In the winter time his troubles were worse. 1In making a blue-
print the tracins and the prevared paver were placed in a frame
expoeed to the sunlight, After alternate w-ehing and pricting
in cold water chapred the hande of the blueprinter so that great
cracks appesred ir his skin., To the aspirant for architectural
feme and fortune hands whiclh were blue and cracked were merely an
incident in one's career. (1, page 359)

The Principles: Those early principles discovered in 1775 are ce=

tensibly the same as those upon which blueprintine is based today.
Light, either sun or electric, has a decided effect on a chemical com—
pound known as ferro-prussiazte; it turnse the color from = vlace green

tc a deep blue. If a sheet of white paper is coated with a sclution
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of ferro-nrussiate and is held so that only a nortion of it is exvosed
to light, that exnosed nart will tura blue while the unexposed section
renains its orisinal color. Then, if the vaver is washed in water

3

nich removes the unexnnsed solution, revealins tle white naner, and

=

fixes the exposed blue, a print is obtained in blue ani white. This,

ther, is a blueorint. (44, uage 9

Direct Cocwying: To understand blueprinting is to wnderstand in

cener:sl the direct copying nroccsr, Bluerrinting always requires the
origianal material, be it a draving or handwriting or text in type, to
be on onl, one side of some translncent material.

For ordinary purpeses, if the original ie not satisfactory

Je A
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tracinge can be very satisfactarily made on thin paper. Indeed, ligh
veigiit bond pavers are often used for this urnoge, soretizes irans-

narentized with a solution of some 1isht oill mixture. Wherever great-

"

er accuracy, clearer print, and lon-er 1ife of the tracing are required
as for architectural drawvings, a fine grade of li~en, heavily sized, is

usually used.

To insure a clear, satigfactory vrint this traclnz should be cnre-

[
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fulily dore, An onaque ink or heavy rencil is necessary; black
generally used, thoush orange and yellow are considered zood. Blue
and violet are usuable if enough Chinese white ig added to build un
their opacit:. This last statement is true for nractically any color.
(37. page 323)

Folds, wrinkles, and water svois on the tracing will show u» on
the blueprint, so they are avoided. Rolling tre tracing or preserving
it flat to avoid wrinkles and creases, and working in a cool room to

avoid moist hands are excellent trouble preventatives.



Once the tracing or translucent original is odbtained, It is neces-
sary to secure a riece of tlueprint raper. For tre zverage user of
tlueprints in the school, it is cheaper and handier to duy blueprint

paver ready to use, though it can te macde very easily by eimply coatirg

rlain white paper with a ferro--russiaste scluti.-. (75, pagcee 3CA,

-1
34A)

Tyrzee of Bluevrint Paper: Blueprint paper is graded ir yvhysical

|

welght freo extra~-thin throwtk thin, medium thick, thick, &« extra-
thick. Extr--thin is used where lizht we!lght is esgertisl as in mnail-
ing,; mediue~thick is not widely used; extru—~thiclk is avsilatle wherever
strength arnd durability are orime requisites of the finlehed nrint,

As to the chemical coatings, which very widely according to the forrula

of the sclutiong used, their prime differerce lies in trelr ex—onesnre-

tirie requirementr. Tieee c~n te anywhere frrom 20 seconle o Uto 5
mirutes, even longer, though tris is a rarit:. Ae will ‘e seen .-ter,

this coating, though important, is not the cnly time-letersining ele-

zent, as other factors may enter inte the making of the -ri:zt, (37,

berd

vage

Making the Print: With sensitized paver ir ore hard and tre trac-

ing or translucent origimal in the cther, it is time tc bring the twe
together and to excose them to light. To 45 that, nmuny different
nechanisie have been develcpeld,

Siczvlest of these 1o 2 small hard-wood fr-ne with a clear glase
front, a black felt pacd equeal ir size to the glase, and detachalle

back. The tracing cor translucent origiral 1s placed witkhin tl.e fraue,

ink or penciled side agoinst tle glaers. The blue-rirt varer is placed
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on top ¢f the tracins, sensitized side toward the ori;inal Tre felt
rad is laid nver the bluenrint vaier, the lack locked securely, and
glass front ie ther turred toward the eun ov nny otrer strong llght
The materisl to bte copted is held tizhily in rlace, its inked or pen-
ciled varte ellowirg the lirnt to resch the sensitized surface only

through translucent ares

Expcs

'3
2]

As noted before, exposure tine ver’es according to

!
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gseveral factore, Foremoet {8 t}e soclntion nesed *- sensitize the sur-
face of the blueprinst narer. Second, isa the degree £ hrilliance and
craracter of the light. Third, is the -luallity of prirt desire?, iras-
mick, as correct exposure tringe out a deern, alenr blue and shar
linee. An under-exiosed urint, thoughr ueual., readable, may lose some
detall and clarit..

Obvicusly, with 8o many v-riables, ex ~sure tine allowed by the

4

operctior beconee a matter of judement as develored by exverierce. To
suppiexnent this, trial exuosures on small rieces c¢f dbinerrint raner
may bte made, mntil the c rrect exrnsure time is reechec. After one

rrint has been made satisfactorily, subeequent exposuree may be made

with the same amount of tine, under those same conditions.

Develorirs the Prirt: After exposure, the print must be inmersed
in water, preferatly runnirg from tre faucet. This wask'ng remcves
the unexposed green vorticns of the coetings and "fixese" or partizlly
makee permanent the exrosed blue. After lteing washed in clenr water,
the orint should be placed in a bath of 1 to 3 ver cent sclution of

potassium bichromate to "fix" and inteneify the colored image. Let

the print rerain in this sclution until it reaches tre desired blue
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color and has well defined lines and type ma“ter. After thie, the
print is washed cnce more in clean running water and finally hung up,

or placed on a flat surface to drv.

ations: The age ¢f the paper is a determining factor. The
older the paper, the quicker it printe and the longer to wash; the
fresher the paper, the slower it prints and the quicker to wash. A
rrirt which ie anplied by over-exposure may be restcred by washing it
in hydrcgen peroxide.

Blueprint paper should be stored away from molsture, in a cool
place. When using blueprint paper, the printings frame should be open-
ed up and filled in a room, shaded from any bright light.

The equipment and meaterials used ir blueorinting have been discuse-
ed in every detail,. ir the preceeding varagravhs. For schcol shkop
purposes, particular attention should be given tc the fact that the
blueprinting process, asg an industrial arts subiect, would require only
a minimum of equipment and sunplies. Most of the equipment can be
purchased, if desired, at a very reasonable cost or could be made at
almost no cost whatsoever, excerting for materials. According to the
coet of equipment and materiale, and to the service rendered by the
process to the students, eschool and the community, the blueprinting
process could be one of the more functional phﬁses of the irdustrial

arts program.
OZALID PRINTING

One of the new methods used to produce duplicate corpies of origi-
nal plans for the United States Government, the construction engineer,

the researa! laboratcry, the workman in the shop, or used in the



drafting room, is that of Ozalid Printirns.

What is Ozelid Prirting? Ozalid is a revroducticn rrocess which
produces positive prints direct from positive oricinale, and nezative
orints direct from negstive coriginals. Trize, 1% is rossltle tc make
cositive originale from drawinge or tyred ratervial, which are paeitive
erigirale, without an intermediate sten orn ghar:, essw *+ reasd Oralid
mrinte with black, bine, or senia lines on a white hackerourd. On
the other hand, if the originals are negstive Van Dykes, nesative
vrints will be obtained and ther will be as easyr to read as hluerrints
or otter negative reproducticns. All TQzalid nvints, in any crleor or
on any material, are made in tw, juick ste's; 1) exnosure and () de-
velonment, No baths or driers are used, -~reeguently, Orslid nrints

are truer-to-scale, and lees inclined to ~.r:. (L0, oage 170)

ot

Histery: About 13¢1, the Ozzlid vrocees of orintins was disccver-
ed by a monk, Fatrer Kogel, whe was a - ~fesacr at Karlsruhe Techrical
Institute, in Germany. He produced a paver that, when sensitized with
diazo compoundse, exposed to an ultraviolet 1lisht, and ther rlaced in a
ccntainer with amzonia vaper, would yield a positive image.

The first Ozalid rrcduct, Onalid M (Ked Lire on paner base) was
produced in 1923, by Kalle and Commar:, of Germany. Tre caterizl hae
rot been altered since, and stil) forms scme 5C uer cert of *+-e outrout
of Ozalid meteriale, The cnly disadvantare was trat tre background
tecame slightly yellow on prolenged storage in the dar%, although
vrints kert well in the light.

During the nineteen-twenties, General Aniline and Film Cor. oration

of "nited States, passed under the contrcl and demiration of 1. 3.

1]



Farten, the German Chemical Trust. With tris s»ift of control trere
tecame aveilable scientific and techrnical kncwledge, and the Farben re-
search facilities which assisted General Aniline to gain a top-rank po-
sitior in its field. Productive capacity wae greatly increased, a
fa;t which proved a powerful boocmerrang against its former owners dur-
ing the war,

Shortly after Pearl Harbor, General Aniline was seized by tle
United States Alien Property Custodian, the most valuable single prop-
erty to come into the Custodian's hands. The management was entrust-
ed to American directors, with a directive tc give fullest suprort to
the war effort. The directive further stated that the commany wculd
never again return to German ownership, and that the stock would be
80ld to Americen Investore.

In tke middle thirties Ozalid arnomnced ite »rocees, ir the Tnited
States, referring to it as a new, simnlified and vereatile metnod of
reproducing engineering and architectural drawings. (Pamrhlet, The

Makirg of an American Company, General Aniline and Film Corroration)

Czalid Chemistry: Many have wondered wrhy Ozalid is so versatile,

why poeitive vrinte can be male, in sc many different colore, or so
mary different materials?

The snswer lies in two facts: (1) Ozalid sensitizes all of ite
materiale with a combination of mnnique Diazo salts and couplers. The
Diazoes (2) are light sensitive; (t) react with the counlers in the
presence of the Ozalid dry-developing agent (heated aqua ammonia va-
pore) to form a permanent dye image. | The color of the dye imare de-
rends upon the combination of tre Diazo salte and the couvlers used.

(2) Practically any type of material can thus be sensitized and



subsequently used in shop made equipment, since chemical bathe and
driers and all other orint distorting influences have been elininated.

When the original and the 0Ozalid sensitized paper pass through the
printer or exposed to the sun's raye in the sun frame, the light rays
venetrate the original and strire all 5¢ the eensitized surface which
is unprotected (without lines, numbers, or nther fieures on the origi-
nal shielding it) and ca:ses a decompositior. It is decomrposed, be-
cause Diazo salte in the onresence of water, which actially exiats in
snfficient quantity in the sensitized material, are changed into invisi-
ble compounds when exnosed to light on the correct snectral zonnosition,

If a print !s inspected closely after it has been exposed, !t will
be noticed that only an exact facesimile of the original is »nresent, in
weak vellow detail, and that the area which was exposed 18 now color-
less.

When the Ozalid »rint is conveyed to the devsloning tank, heated

them into permanent dyre imares. The color thus develoned being tlack,
blue, red, or sepia, devendinz upon the tyre of Ozanlid material used,
The chemical explarnation a8 to why these yellow lines become so trans-
formed lies in the fact that Diazo salte react with their conplers in
the presence of an alka’l, heated ammonia fumes to form nerrmanent dye
images of the original's lines or csharacters,

By selection of the proper Diazoninm salt and coupler, vnractically
any color of the rainbow can de formed, So far, however, only a rela-
tively small number of these have been used commercially.

From the above description, 1%t is easily observed why 0Ozalid

prints have a tinted background if ton onaque an original is used, or
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if insufficient exposure time is allowed, as all of the undesired sensi-
tized coating.was not eliminated, Therefore, the density is the great-
est where the least light has struck the sensitized surface.

Incidentally, the reaction of Ozalid materials to light ie just
the opnosite of the reaction present in photography. Fere the great-
est density will result from a long exnosure to light, and conversely,
shortened exnosure will produce little or no density. Ia other worde,
0zalid Diazo salts react in just tre oppcsite manner as the silver hal-
ide~gelatin combinations with which photographic papers are coated.

In develooment, too, the Ozalid materials react in exactly the
opnosite fashion Tﬁey are developed dry, in seconds, by ammonia va-
pors, whereas, photographic materials require the nse of developin; and
fixing solutione, washing and dryine, all of which involves much more

time and effort. (36, vpages 4, L1)

Storins Ozalid Sensitized Materials: The life of Ozalid seneitized

materials, like that of blueprint or photographic materials, depends %o
a rreat extent upon the manner in which they are stored. It 18 a good
oractice never to overstock Ozalid materials, that is, never order more
tﬁan a month's supply at one time. This will insure tre use of fresh
material at all times.

Ozalid materiale, when received, ehould he stored in a room which
is reasonadbly cool and which has as low a moisture content as is possi-
ble. Moistare in the air has a tendency to increase the orinting
speeds of the papers.

gll Ozalid materials are wrapped in heavy opaque paper and no
orecaution against exposure need be taken while they remain in the

wranper. Of course, when they have been removed, onrolonged exnosure



to dar light or artificial light will deteriorate the sensitized coat-
ings.

An ideal storaze room for Ozalid moterials wold be one that is
air-conditioned between 0O and 70 dersress F., and which has as low a
moisture content as 50 ver cent relative hunidity. Another reason
why moisture is not to be desired lies in the fact that the longevity
of the papers will be decreased, and the papers will couple more readi-
ly. Never bring vapers directly from a very low to a very high temver-
ature, that 1s, from O to 80 degrees *. Make the change gradually, o
that moisture cannot form inside the wrapoer. A final caution should
be added, never store Ozalld materiale where they mav be cintacted by

amaonia vapore. (36, page 40)

Qzalid Translucent Papers: The 0Ozalid nrocess ie predicated on

the use of translucent originals. Ozalid is actually a means of sim-
plifying vaper work, of speeding production, of saving time and work,
The accom>lishment of these functions is conditioned in a larze deeree
by the kind of material or orisinal paver used, the quality, and the
.apeed. The cost of 0Ozalid resroductions are all a‘fected by the se-
lection of the original. There 12 no one paper suitable for all ap-
plications. In some cases printines sneed is the most important con-
sideration, in others, »aver cost is a prime concern, or nerhans ac=
centance of vpencil, ink, or typing may be the determining factor.
There are otrer qualities which mav be desired, erasabilitv, perma=-
nence, uniformity from lot to lot, appearance and sccentabllity of
printed, stenciled or lithocranhed imoressions. All of these things

should be c-nsidered in relation to the job at hani. (36, page 25)

35



0zalid Intermudinte Materials: Ozalid intermediate »rints, made

fron Ozalid translucent papers, are 8o called because they can be sud
stituted for valuable originals in print nroduction, thereby nroviding
peruanent insurance. When intermediate masters are printed, the orig
inals can be filed away, safe from loss, wear, and tear. There ie no
limit to the number of intermediate masters that may be uvrinted from an

original. (3t, page 11)

Ozalid Foils for Composite Printa; Ozalid transnarent foils, be-

8ides being used as intermediates, can be employed to make comnosite

prints in the following manner. Separate design details are drawn,

36

each on an individiual sheet of translnucent parer, exposed and developed.

Then, it is possitble to overlay these prints in any combination or in
any pogition and make prints showiag composite details as desired.
Thus, 1t is vpossible to make prints which show heatine, uplumbins, elec~
trical, airconditioning layouts, elther separately or combinec. (3¢,

pages 15-1€)

Ozalid Accessorias: O0znlid accessories add to the scope and ef-

fectiveness of print nmakline operations, and in some cases making wos-
sible additional, time-saving uses of time and materisls.

Corrector fluid can be used to remove nbheolete lines and details
from all Ozalid intermediate prints. It {8 tlen ponssible tec add the
new design right to the intermediate, and use this corrected intermedl-
ate to produce subsequent orints.

Opaque typewriter ribvhons have been developed that possess all of
the qualities needed to produce gnod typed originals for Ozalid repro-

duction. A special effort has been made to make this ribbon suitable



preparation of Ozalid sriginals and for normal typing requirenmente.
These ribhons are made with a special black iuk which bhlocks unltravie-
let light, and produces a typed copy of maxismum actinic opacit;. A
high grade fabric !s used, lasuring sharp clean !mpressiona. The ink
carryin~s vehicle is formlated to nrevent feathering on any kind of
paver, and to minimize smudre.

Ozalid transoarentizing solnti-n expands the usefulness of Ozalid
printing, by maxing possible the reprodnuction of nvaque paners.
QOzalid transparentizing solintion is av lied éo tre back of the opague
sheet, usually with a cotton oad, It should not be arplied to the
front of the sheet for it will smear pencii, in«, or t.pinr. The so-
lution has a surprisingly efficient transvarentizing action, which even
actually worke well on fairly hert  ledger stoceo. 0f comrse, 1t is
rnot possible to successfully trans.arentire all vajpers, for exar:’e,
those which are oprinted on two sidees v which are of a yellow, orange,
¢r brow: coler,

-

Qza2i2 morring apent is an effective andé rrzetics)l means of neu-

treilzing emmonia oder. It ies & blue fluid which is added to amronie
in the proncrtien of ore fluid cunce to cne gallon. When it ie used,

any amionia vapors which may escare into the roecnm during develeoring,
and slight traces of ammonia wrich may cling to¢ nrints immediztely

after delivery from the developer are comnlietely mastecd. Ozalid mask-

(.

e azent is especially recommended for nuse ir offices, drafting, and
similar roocms where activities other than printmakirg are carried or.

(3€, pages c6-27)

Presarine Tracings in the Draftins Heezi: The purvose cf every

drawing is ultimately to allow workers in the shopn, the lavoratory,
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assexnbly lines, or in tne field to build according to the specifications

listed therecr. In just alout every case, many coriee of the origsinel

are made, the quality of each depending, to a great exteut, upon tle

gquality of the original drawing. Therefore, it is advisable for tle

drafteran tc¢ keep a few things in mird when rrenaring an oricsins., for

these will eliminate inconveniences along tre way and not waste the

tine and lator rerreserted in every drawi:i, .
Actvally, all the draftsman neede tc remember is that orints must

be made from the tracin.. If he does this, he will use a trausl cent

tracing-paper of good quality and he will make his lires ag o7=que as
poseitle,

-
clia

The pencil used is alsc important factor which deservese consid-

cratiorn. Research has found that draftamer renerally nrefer a ZH or

IH pencil for lines and either an H or ZH for letterins. Usins these

pencils, better vprints will be secured. Sowe tynes of tracine cloth

takes graphite more readily than paper does, and in sore casee %H and

SH percils can then be used. (I, vage 30)

Preparing. Tracings in the Office:

the same for the coffice as for the drafing roonm.

nrints will be secured from criginale which are

Essentiall:y, the standards ore

The test roseible

tranelyvcent and have

opaque characters, whether drawn, typed, or nrianted.

With the right tipe of tracing pa.er, tle ty.ist need only remen-
ber to preoduce opaque figsures when contact nrints sre desirecd. If a
large numder of vrints are to be made, and exceptionally firve quality
is desired, the best and rniost vractical methicd to fellow is to carbon-
back the original econy.

Thie simply means that the tynist reverees

the carbon paper, that 1s, has the Inked side facing the sheet which is



beir;; tyued. Thie produces nraque imases on the reverse gide as well
as cn trhe front side, and wren Ozalid blacv-line orints are made, they
will lock like the typed orisinals.

It ie recommended that a hard carben raper be employed when carton-
backing, fer it will nroduce imacee of maximum dennit:. Carbon paper

ie relatively inexvensive and it is recommendiedld that *re sheete ennloyr~

ed be used only o few times for carbon-backing . uarrcses. Afte£ this,
they can be used for the normal length of time ir rrenaring ordinary
carhon copies for material not irternded for renmroducti--. (7:, page
51)

Erintirg: The printing or exposvre is done ir tlre same maunner s
bluevrirting.  When the paper is exissed to lisht, the rayre caugse a
chemical reaction to tale nlace on the exrosed are-, 1t can be said
that the chenicel reaction of tre exmored ares disan-ears and the coler
of the paver reverts baclk to its original white caler. The mart under
the lines drawn on the traucing retairs t'e chemical with which the
paper is coated, because the llght did not renetrzte and cauce the
chericel resction previcusly menticaed. It is thie remaining chemical
that rrodvces the dark line when ttre ﬁrint is subjected to the develop-
ing mediwn.

The time of exmosure ir a s frame is determined by a number of
factors, namely, tre time of day, the length of day, dust in the air,
and cloudy sky. When a number of prints are to be made, it is desirs-
ble t¢ cut a vpiece of printing paver into snall pieces sncd test until
a degirable tire 1s found. Taking the above factors into consider-
atiecn, anc the varioue sveeds of vrinting varer, the nrinting time

will range from trirty seconds to five mimtes.



The aim of the Ozalid user shonld ve the renrcducing of a u»rint on
any type cf sensitlized material which will have a maximum contrast be-
tween the line detail and backgrcund, In ctler worde, have the dark-
est lines on the whitest background.

In the Czalld process, the standarde Tcr underexnosvre and overex-
rcsure are the direct npoosite of vhotoarsra-hic ctandardsn. For Ozalld

-

materiale will have the sreatest Zeneity where the least light has
strucx the sensitized layer, wvhereazs silver halide rheotopraviic rateri-

ale have maxirum density only when fiven complete exposvre. Thug,

uncerexposed Ozalid nrirte will have corsiderzblie bacisround and the
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line detzil, while being strongs, orovidec little

11 have a wihite baci-

(s

otrer hand, Ozalid rrints which are overexposed, w
ground, but weak line deteail. The cnrrect exposure liec betweern thege
two noints. When the aver=z.e orisirals (prerareé or. trarslucent ma-

terial and having opague images) are used, no difficult:; shonla be ex-

verienced in achlieving the best results, (36, pages :h-}g)

-

Development of Ozalld Prirts with Armoria: The develorment of

Ozalid and sizilar tvwve paper im a one sten vrocese. After the wcaver
is exrcsed, it is removed from the sun frame or nrinting device and is
ready for the develoving apparatue. The writer has found from a

series of tests, that the veriod of time btetween rexoval from the prisnt-
irg device and the plocing of the print in the develcning apparatus is
nct eritienl. Tests were min or the Czalid marer, where sersitized
raper was exposeC and thren zlaced face cr exmosed sice up in a reoom
where the shades were drawn to exclude the afternoon su:. After be-
ing exnrosed to the lirsht of the shaded room for four howwrs, tre »rint

wae placed iun the developing apparatus and an excellent print was



secured. Resulte from this experiment leads the writer to nmake the
vractice of yrirting a large number of prints, stacking them as they
are remeved from the printer and tler develoning all the prints at one
time. Tests were run on how close together the prints could be claced
in the developer and yet achieve gcod results. It was found that a 11
¢

by 17 sheet of exymosed vaver could be relled in a cyrifnder ocre inch in
diameter, exposed side in, secured with rubter bands, cmld then be
rlaced in the develorer, and an excellert srint seculed.

As explained in a previoue naragrash, tre develovine agert of
0zalid is a 28 per cent aqua ammoni-. Do not use waste anmonlis or
household ammonia, as these solutlions are ton weasb, The werming no of
the developer should start some five or ten minutes before develo ing
is started. This ig accomplished by placing the ammonis, nerhaps one-
half to one ounce, in a small metzl container which e ulaced inside
the develonoer. Better regults were achieved when z riece of cotion
was used to absort the greater portion of the am.onia. The ausonta
wust be heated, from an ontside source, to insure maxi-um efficlenc:.
An incandescent larnp tuldb of 200 watts meltes a desirable heatinge unit.
Heated ammonia vapor is auroxinmately one-half the weight of air,

which maltes necessary the use of a telescoring tor to the develoner to

aveid loee of the vapor vhen tle develozner is opened. As tre teles-
coping tor is recoved, the ammonia vavor will ascend and will remain
contained a8 long as tre top is held in the vertical =asitior. It is

well to move the top uv and down rapldly 2 few times, tc¢ theroughly
mix the air and ammonia vapor within the develorer.

The period of develoning derende unon tre heat of the ammonia

vanor, the amount of vancr in tre develoter, and the accurulated
i - »
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meisture. Under idenl conditions, the develonment of the nrints tzkes
nlace instantlx. Hewever, nc damage t2 tre print is incured if allow-
ed to renmain in the develower for seversl minmtes or wmernsops even long-
er. 1Y, on removing the -rint, the onrinting hzs a green cast it is an
indication that the print is uwnderfevelonel. The »rint shounld then be
nlaced inside the develover and exposed to the ammonia fumss for a
longer period of time. Excessive moigture in the develc-er cnan be
noticed by the demvness of thelpaper anid tre extended lensth of develoo-
ing time. The moisture may accurmlate, for at least, tne following
three conditions; (1) tco wealk a solution of ammonia, (2) using the
ammonia for too long a period, and (3) heating up and cooling »ff the
develover during the developing period, A snall amonmnt of moisture
can be abscrbed by placing naper towels inside the develovwur, atherwise
tte develoner should be ccoled off, cleared =né dried thorou~hly, then
start the process over agair.

A word of caution shonrld be addecd. If the hands of the orerator
are exnosel to the ammonia funes for $950 great a length of time, the
cuter s«in dries and scales, This can be av-ided by rem-wving the de-
veloued vrints hastily with a wire tons.

It may be concluded that Ozalid wrintins is undouttedly cne of

the mest lmportant of the schenl dupnlicating wrocesses, Fer scrool

use, tre 0Ozalid process requires only a mini.mn of egquinsment and sz~
nllies. The eqal sment may be conetrictad in the school shonn, at the
least nossible cost, The prinl is easy {0 read, the paner is duradle,

and penc’led, inlred, or typved additlors or correztions may be easily

added.

Fature Poseibilities with Oza’id: Much worz has Dbeen done to



heat only.

v

produce a copying naper that can be develoned by means of
Descristion of this kind of coated paper may be found in an early Dutich
patent, According to t'is patent the coating scolution containse;
1. Diazo compound of a slack counling capacity, that is, an aminodiazo
comnound.
2. A coupling compound.
1, A salt combined of a stroas base (sodium or sotassiwa) with a wenk
acid. The acid shomld e colatile whan heated to hirsh decrees.
After coating, the dr - ing of the paper st be carried throwugh
very cantiongly to aviyid discnloring of the backesrourl. When rpapers
of thie tind are exposed ts lizht, the diazo compound is bound t~ fade
on those portions of the copy which are not screened “rox the light by
the dark parts of the tracing. At the unexnosed nortion 2f the coated
garface, formation of the dyestuff will talke wvlace by heating, that is,
by using a flat-iron yleldins thus a nositive copy froa a positive
tracing. Forumation cf the dyestaff is obtained ia the fallowings man-
ner; when-heated, the above mentioned salt will enlit un, seitineg free
the alkaline base, while the colative acid evanorates, The free alira-

line effects the coupling action between diazo ecriinound and component,

(38, pages 1-3)

Resuits: Resulte zained from the above exverinental work, and
similar projects are very interestiing, but not encouraging as far as
exoloitation of the method on a big conmrercial scale is concerned,

This might be best exnlained by a comnarisorn of {ts advantagss and die-

advantages.

Advantazea: The only important advantage, of course, consists in




avoiding the disazreeadle influence of ammonla vasors while develonlng.

Disaivantazes the New Process: Some of the disadvantages of

the new process are:
Diazosulphonates reguire conei{derable longer time to fale when ex-
posed to light, than the usual diazs commonnde. The tire of exnosure
of a paper manufactared accordin: tc the best formla worked sut for
heat development up to now, exceeds the requirenent for 0zalil TS b

i

about 100 per cent. Tne light has the twofeld task of transforming
the sulphonate into a diazo coppound first, and of decomvposinz the lat-
ter into a colorlese nhenal afterwards. Trence, the rrolonged tize of
exposure.

It is commen knowledee anong exnerts in the art of lisht printing
that highly dried copying vaners tend to becone brittle, esnecially in
winter, when used in heatsd roas. Now, it ie iadispensable to care
fully dry the papers cdesizned for heat development, vreferably at a
témpernture 53f about 110 degrees C. The anount of water incormora’ed
in the paper should be limited to 2 t» 3 per cent. Moistuire increases
the disposition of premature coupline, On the other hand, the drying
process increases the disposition of the paners to become brittle.

What has been said for the unexpcsed paver apnlies all the more to the
finished print which has to undergo a second heat treatment during de-
velopment. 14 became evident that sufficient development will take
vlace only at a minimun temrerature of 180 degrees C.

Storing of these papers before use requires svecial precantions.
The usual packing material, such ags wax vaner or tar varer does not
warrant safe protection agaianst premature coupling. Small bags con-

taining water-absorbing chemleals have to be incorporated in a tinnlate
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contalner together with the naner roll. Silica‘e has proved satisfac-
tory for thie purvose, By means of this device, a keeniag quality of
several monthe ie ahtained. But this statement does not imply that
this keening quality may always be expected. The paper will sometimes
deterisrate from unknown canses.

In 1335, a sample »f this paper, manufactured in Kalle and Co.
Latsratory, in German;, wns forwarded to the J-alid Corporation, in
United States, The paper did not survive the Atlantic trip, showing
prenature counling when it was tested in United States.

It will be necessar: to constrnct new machines to replace the ma-
chines esnecizlly designed for ammonia development. No encineering
worix has been done Tor tris murpose to date, exceot in a smal. appara-
tue for laboratory use, consisting of a metal crliader, fitted with
electrical heating, and witr small guille rollers. This apoaraing is
only applicable f;é small sized nrints. (18, pages 1-38) (38, pages
3-10)

Sumning up the available information on heat development of 0zalid
paper will lead to the conclusion that the nsrocesses of dry developauent,

without ammonia, have nnt been satisfactorily verfected at this time.

_*-3
&

BW PROCESS

The Bruningz BW prints are exact "positive”" ¢onies »nr duplicates
of an orisinal or master copny that has been either drawn, printed,
tyved or written on translucent nr transparent material. The BW pro-
cess of revroductlion ie by nn meane new. It has been nused for years
in eagineering devartments and draftin~ rooms te oroduce nositive

copies of ensineering drawings, snecifications, charts, plats, mapns,
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ete, The drafting insiructor can find egqually as many uses for this

tyve of revroduction nmaper. BW prints are easy to read and to check,

with black or colored lines cn a white background. They are exact du-

plicates of the origin.l copy.

istery: The BW process has orcown ont of the dyvelnys industry.
Greern, Cross and Bevan in 1830 first prepared e rrinted cloth by im-
pregnetinge it with diazotised Frinmiin, exposins under & natterr, and
tren coupling with aze dyestuff componentu, A few yeare later tley
used thie same method in preparing the first diarctyre nrint,

It was not until the late teene and early twerties of the twentietr
century that this process first became ccumercially available. Mumer-
cus technical difficulties stood in the wey, ever at th=t tize, such
as poor keeping qualities of the paver, li;ht facding of the image and

yellowing of the backgrounds, Comnanies ir Germ: and Yclland were

ri
Ay,
)
tat

active in develcning two sounewhat diff'erent tines of diazotype process-
es. The EW »rocess wae develoved by Van der Grinten in Helland and
wag introduced by the Bruning Company, irtc United Stoatee, in the vear

]
u

of 193C.

-

eristrys The category into wiiich the EW process falles is

b3k

12

called the diazotype, or direect urinting preccees. It ie Lased upon
the principle that certain chemical comvounds knowrn as diazo compounds
can; (1) be decomvosed by ultraviolet lignt, and () conbine with
phenolic azo dyestuff courling comnonents to form insolutle dyes,

The BW process is‘a light-asensitive vrocess by which positive
copies can be made of cnytlirg drawn, tyved, or vorinted on a transpar-

ent, translucent or onaque vaper, film, or cloth. These coples are
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producel directly with only one exposure and, following that

o My &

, moisten~
ing of the surface with a develoning solutior. BW prcducts conslicsts
of a base such as paper, clotl, or file, coated with a solution contain-
ing the dizzo compeound, along with other chemicale such ze acid buffere,
anti~cxidante, and stabilizerc. These products are relatively insen-
sitive to artificial, ircardescent licsht, or indoor daylicht, so may be
handled under such conditions with safei; for s reasonatle lensth of
tize.

When the coating ie brought in contact witr the develoring solu=-
tion containing the coupling agent, a dye is formed. However, when
this coating is exposed to light, tre dleze compound is decommosed and

is o longer capsble cof forming a dye.

Exposure of Sensitized Famer: The mechenles of exposure are as

simple as that for biuerrirte or the Czzlid urocess previouely de=-
scribed. When the cocated or censitized surface is exvosed to a strong
actiric lisht, a chemical change takes nlace. The sensiticing solu-
tion disarvesre, leaving the surface »i the vaper white, with the ex-
cention of the drawn, urinted, t;ved or written matter srrenrins on

the original copy which acte as a srield or mask for the light. The
light, nunatle to penetrate this portion of the criginal, leaves an ex-
act replica of the imare on the sensitlized paper, formed by the remain-
ing EW solutior. This ojeration is verforued in a matter of seconds,

ard the exnosed medium is now ready to be develcved.

Develorment of Print: The exposed sensitized paper can easily te

developed Y- coating the back of the cvrint with a solution of BW devel-

. oner, ugling a sconge. It is nossible to coat the back cf the paper



evenly bv nassing the exposed paner between rollers, the lower roller
carrying the BY aeveIOpnr from eontainer to the hack of the paper.

The develoner solution transforms the faint i{mage on the exvosed medium
to an exact dunlicate of the orirsinal cony, that is, a vositive prin®.
The entire printing and developlng operation may be accomnlished in a
very short time. The process is pleagant, simnle, clean, and odonrless.
(Information on the Bruni:, BW procesa furniched the writer of this

thesis, by the Charles Bruning Comrany, of New Yoru.)

BRC'N OR SOLAR PRINT PAPTRS

Brown Print Paver is also known as Negative Paper or Solar Print
Paper, The most wicdely used name, however, ie Ven Dyke Paper, which
is a Dietzgen tr-.de name, and has been ever since Dietzger introduced
the brown print process ir this country. Thie is coated usnalily on
light welsht vaper of 100 per cernt rzg stock and is obtalszed in any of
the following weighte; 12 1b., 1 1b., and 16 1t., and occasionally in

24 1y,

Formmle: The formula, which i+ also secret, has silver as its
tase, and this is cne of the reasons that the keerins qualities are not
es great zs comrared with blueorint paner. 1If kept too lon-, eor if
the printed sheet is not washed thoroushly, the pa-er has a tendency

to become brittile.

Printing Procedure: The printing procedure is the same as blue~

erinting, except that it usnally is slower, The develoring, however,
is difrerent, in that Van Dyke salts are used to "fix" and set the

prirt after it has its first clesr water wash. Hynotassium of Soda
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is also cocnmenly used rTor this paper for the same purnose. After the
fixing salts are =zoplied, the print 1s washed zezin in clear water.

ITf the origiral is positive, such as a regmlar tracines, the result-
art brown rrint will be a negative; that ie, white lines against a darx
Van Dyke brown baclgreound. If a brown priant positive is desired, a
negative is nsed as the subject of mediun.. Ir. tthis way, the resultant
vrint will be dark Van Dyxe brown lines smgainst a white Lackground,

Trhe Vezn Dyke brown ie ovaque and therefore brawr nrint roeitivee can
alsc be used like an original trzcine for making other nrinte. The
trowr print, or Sclar process is also available, wiich is pretransnar-
entized with an oil soluntic:, Pretransparentized negative paver is
usuzlly ueed where a great number of =rints =zre to ue made fror the
negative and sreed is s decgirable factor, (Informatior on the Van

Dyke process furnished the writer of this thesie, by the Eugene

Dietzgen Comuany, of Cricago Illinois)

3

Conciusion: In summarizing this chapter on reproduction and dup-
lication, the writer has put forth an e”fort to familisrize the re~der
with a few of the important processes. An impartial discussion and ex-
planation of each process from the history down to nresent day practical

use in the school laboratory has been male.



CHAPTER III

DRAFTING TEACHING AIDS

The individual who understande how learning takes place recognizes
the importance of the sense of sight to the learning process. The
learning situation which brings into play the greatest number of senses
is likely to be the most effective. It is human to learn more through
the sense of sight, than through any of the other senses. The student
who heare a particular mechanism explained, sees how it operates, and
then actually operates it, is participating actively in a situation fa-
vorable to economical learning. Visual aids enable the instructer to
make excellent use of the important sense of sight in many and varying
learning situations.

The devices illustrated and described in this chapter attemptf{ to
present to the drafting instructor a few of the visual mechanical alds
that may be used in presenting the subject of drafting. The alds
should be used only when they will assist the instructor in presenting
a lessorn, If the aid is displayed before needed, the students are
likely to concentrate their attention on that particular aid, rather
than upon what the instructor is saying or doing. In other words, the
aid should not bte called to the attention of the class until the stage
ie reached in the lesson where it will clarify certain points being

taught by the teacher.

Part A

SEATING CEART

A seating chart, Pig. 1, is provided to accompany the plan of the
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drafting room, chapter 4, Pig. 12. The instructor's table could have

a recess in the top, at a convenient location, to provide a place for
the seating chart. Over the chart, a plece of double strength glass
could be placed, bringing the surface of the glass even with the surface
of the table top.

There are at least three purposes that the seating chart could

Justify; (1) asseiet the instructor in learning the names of the studentes,
(2) provide a quick easy check on class attendance, and (3) aid a substi-

tute instructor in the administration of the drafting room.
Part B
STUDERT PERSONNEL ORGANIZATION

As the areas of activities presented in the industrial arts labo-
ratory have increased in number and scope, it has been expedient for
the instructor to assign many of the clerical, preparatory, maintenance,
and general routine duties to the students. This plan which has been

organized in many ways, is generally referred to as a student personnel

organization.

Yaluable Experience: Pupils can receive valuable experience
through participation in such a plan. Some of the basic values de-
rived from a carefully planned organization are as followe; (1) brcad-
ens pupil.dovalopment. (2) increases interest in work, (3) relieves the
instructor of routine work and allows more time for instruction, and
(4) shows the student the value of responsibility.

Student personnel organizations may vary according to many condi-

tione that prevail in the laboratory, such as the number in class, kind
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of equipment, areas of work, and age of the students. An effective
and worth-while organization calls for careful planning on the part of

the instructor. Because of many variablee that exist, no one plan

could possidbly fill all situations.

Organization of Students: In handling large classes and keeping a
neat orderly laboratory, it becomes necessary for the instructor to es-
tablish an organization to assist him, The organization is composed
of students from the class in which they are enrolled. They can assist
the instructor in caring for the equipment, supplies, and help guard
against accident hazards. To carry thie program on effectively, it ie
necessary to install an organization whereby the instructor becomes the
executive. TUnder him are foremen aseigned to certain definite and
specific responeibilities.

In setting up a personnel organization it must be explained to the
students in detail the purpose, their duties, and tre advantages of such
a system, Too many instructors make the mistake of never explaining the
program and waking the students feel they are nothing more than a jani-
tor or custodian for a portion of the period. When the organization
is first introduced to the studente it shovrld be pointed out, that when
they are given supervisory responsibilities, that these responeibilities
serve as a means for giving them the finest type of training in the art
of leadership and cooperation. It also aequaints them with what it
means to be a good follower in order that the whole organization may
function smoothly and efficiently.

There have been several different typee &f shop organizations
tried, and, no doubt, each have their good points as well as their weak

points. Too many timee the instructor has used one system so long
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that he "follows the old groove," never realizing there could be much
improvement made in the method. Others lack the initiative to try and

work out a new and better method.

Explanation of Clase Enrollment and Responsibility Board: At the
first shop meeting this method should be explained and the general and
assistant foreman should be elected by the studente. There are two
reasons for allowing the students to elect their foreman with the ap-
proval of the teacher; (1) they feel like they have taken ﬁart in the
class organization, and (2) the students will usually pick a general
foreman with whom they think they can work. Moreover, they will know
him as "man to man" much better than the instructor does.

The general foreman is the coordinator between the pupil and the
instructor. His dutiee as general foreman are many, and he has theb
greatest responsibility »f all the students in the shop organization.
He must check on the helpers under him to see if their work is complete
and done correctly. He is to take the place of the instructor in
event the instructor must be ocut of the room for a short time. He can

also stop many of the discipline problems before they reach the in-
| structor, or find the cause of any disturbance during the class period.
He is elected for one semester, but may be replaced at any time the in-
structor deems it advisable. The assistant foreman is a helper to the
general foreman and is elected for the same period of time. The number
of daily tasks assigned the remainer of the studente in the class de-
pends upon the number of work stations there are in the laboratory.

There is one column, Fig. 2, for every class period and each stu-
dent enrolled in the class has his name card bloek. On this block the

following information is found; name, work station number, date started,
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responsibility record, and special assignments. At the end of the
week, the block with the last name in the column is removed and insert-
ed below the second block from the top while the others below slide
down. The reason for putting this block in the third from the top, is
due to the fact that the general and assistant foreman remain on the
two top blocxks. To the right of their name, printed on drafting tape,
will be found their weekly work station to keep in a neat and orderly
manner. If there are more students in the class than there are work
stations, it is well to leave some blanks evenly spaced alqng the board
so some weeks a student will not have a station to supervise,

A method of familiarizing the new officers with their duties is
deeirable. Most instructors will feel that it is valuable for the
student, who just previously held the station, to spend some time in-
structing or assisting the student newly assigned to the station. This
instruction would take place on the day the organization is rotated, or
previous to that day.

When using the *Class Enrollment and Responsibility Board," the
responsibility of a student starts as soon as he enters the labor=tory
by checking himself in on the attendance board. This represents the
time clock of industry. The attendance column is found in the last
row to the right, of the board, or in column seven. The attendance is
taken in the following manner; each goes by the number of the work sta-
tion which is asseigned to him, By each number is a removable peg.
When the students enter the drafting room, all the pegs will be either
to the left or right of their number. To check in, they merely move
their own and no other peg to the opposite aide of their number. By

this means the instructor or time keeper can very easily discover who
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is absent by checking the pegs that have not been moved to the correct
side.

Every instructor will find it necessary to modify the use of the
"Responsibility and Attendance Board" to meet his own particular needs.
If tine can be arranged, it is suggested that the iastructor and fore-
men meet every two weeks to diecuss, in privacy, problems that have
arisen. This conference affords opportunity to develop and train the
foremen in cooperation and leadership, which is very important to the

success of the industrial arts department.

Part C

RECORD OF CLASS ATTENDANCE AND PARTICIPATION

An individual record shonld be kept of the nrogress of each member
of a drafting class. A busy instructor cannot hope to keep in mind
the status of progrese of each individual of a class, or the value of
each exerclse or piece of work completed. The simplest way to keep a
record of progress is to make use of a chart, Fig. 3, designed for that
purpose. Across the top of the chart, the names of the exercises, op-
erations, and jobs are recorded. As indicated on the drawing that ac-
companies this article, the names of the class members are recorded on
the horizontal lines to the left of the checking columns. Charts may
be made up in quantities in the blank form and filled in to suit the
need of the individual class. The instructor must have a system of

marks to indicate what progress the student is making.

Recording: Recording of progress on a chart according to units of

instruction might appear to be a difficult task. Progress must be
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RECORD OF CLASS ATTENDANCE

AND PARTICIPATION
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recorded, however, and the recording should be based on mastery of
fundamentals. The students should be checked on their ability to do
what the instructor has taught them. At any point during the semester,
comparisons may be made to determine individual grades and standing of
studente in éhe class.

The instructor must develop a technique for recording the progress
of hie class. Recording progress is not difficult to learn, if the
instructor will develop a technique of transferring grades from the
exercises, operations, or jobs to the progress chart. It is one of
the fundamental things that an instructor must do in a skillful way.

The progress chart should be posted so that the students will have
access to it at all times. This will create a desire for self im-
provement. It is natural for students to wish to excel, and posting

the record publicly tends to inspire them tc do so.

Pirt D

THE LAYOUT SHEET

A good start at the beginning of a school semester is very essen-
tial to the success of the instructor of drafting. If the instructor
of drafting is prepared when the students arrive, his success is very
largely assured. If he is not prepared when the students arrive, he
stands a very poor chance of getting prepared afterward. The instruc-
tor should bear in mind that whether he is prepared or not, the students

will be ready the firet day.

Preparedness: The students should be impreseed with two evidences

of preparedness on the part of the instructor the first day they see



the inside of the drafting ladoratory. First, a laboratory should be
planned and arranged to the last detail, with not one small item out of
place. The laboratory shonld be just the way the instructor expects
to keep it throughout the year when his students enter for the first
time. Second, there should be evidence that the instructor has in
mind a carefully thought out plan for handling classes, issuing sup-
plies, supervieing work, etc., and that he knowse exactly the motivation

techniques to establish.

Layout Sheet: To avoid confusion and unnecessary delay in the

starting of a drafting class, the layout sheet, Fig. 4, is suggested.
A layout sheet should be prepared for each member of the class, by one
of the better methods of reproduction, and placed in their possession
the first day of school. This eliminates a hurried explanation on the
blackboard by the instructor, or the students going to the bulletin
board for layout procedure. ’
The layout sheet with title block is for an 11 by 17 drawing.
The paper size should be 12 by 18, and is trimmed to size after the
dra;ing is completed. The purpose of the wide margin at the left is
to leave space for binding. The print of the layout is self explana-
tory. Although the layout sheet is shown for a 12 by 18 sheet of
paper, the size could be reduced one-half and used on a 9 by 12 sheet.
It is good teaching technique not to use the same size layout
sheet that the text book recommends. Students should learn to space
a drawing early in their drafting experience, and not to depend upon
the spacing recommended by the text. By using an "off-size"™ layout

sheet, the student acquires the abllity early in his drafting experi-

ence to layout any drawing withomt hesitation.
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Part E
BLACKBOARD

The blackboard, Fig. 5 and 6, is the most common and generally
accepted medium of visual instruction. Instructors in drafting should
develop expert skill in the use of thie teaching device. Well executed
pictorial drawings, diagrams, and sections will reduce the necessary
amount of verbal instruction and thus ald the student in a better under-
standing of the material. The majority of instructors have failed to
appreclate the advantages of blackboard presentation and, therefore,

they have made no special effort to become proficient in ite use.

(19, page 301)

Sketches: There are times when the sketches should be drawn before
the period in which they are to be used. Thie is particularly true in
the case of complicated devices and diagrams that would require too much
of the class period to coumplete and could probably create discipline
problems. Although the blackboard is an effective device in the hand
of the instructor, the student should be requested to use it when he is
called upon to explain his understanding of a principle or operation.

Every drafting laboratory should have a vortable blackboard available.

Colored Chalk: It ie well to use colored chalk to accentuate cer-
tein parts or materials, The added attractivenece has considerable
influence on student interest. Another important feature of black-
board sketching is the use of shading. It will give a drawing depth

and will create the illusion ¢f a third dimension.

Use of Blackboard: A good instrictor will make use of the
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FIG. 5 PORTABLE DRAFTING BLACKBOARD
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blackboard for all new technical words, the names of machine parts and
operations, in addition to well drawn sketches. The vee of the sense
c? sight, in addition te¢ tre sensge of heariny, will increzse the lear:n-
ing posciliiities of the student.

The instructer ghould stand ir suck & postion that he can address
the claes clearly, and at the same time point out easily on the eketch
or drawing, the things he wiches to emphaeize. An instructor who
faces a blackboard, with his back to the class, fergets that the stu-
dernts cannot see through hin, and cannct rear what he is explairing.

A pointer is a useful device for teaching fror the blackboard. (2¢,

pagee 50-51)

Desirned and Develcoped: It is with the above theurkts in mind,

that the writer of this thesie deeigned andé developed the blzckboard
that accompanies this article. As the hlackboard is r-rtable, it is
desirable that castere te mount~é on the bause. Thie will make it
possitle to move the blackboard arcund the rcem for use with svecial
groupe. Then, the blackboard can be sc placed tlat the students need
not look into the 1light. Reflected light from the surface of the
blackboard should be avoided. Under sowe conditions, it might te ad-
visable to mount a shaded fluoreecent light on the top of the black-
beard. This would tend to spotlight tle material placed cn the black-
board.

The majority c¢f drafting instructors find it very hard tc meke a
presentable drawing, freechand. In tke majority of cases, the student
is required to make his drewings wlth the traditional drafting tools,
and the freehand sketch of the lnstructcer on the blackboard is of

little value. If, on the cther hand, the drawing on the blackboard
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is conatructed with the T-square and triangles, the student will learn
the correct methods and techniques to use on his drafting board. Like~-
wise, as the drafting board can be tilted to a desirable angle, the
blackboard can also be tilted to provide ease for the instructor in
drawing, and to avoid an undesirable reflection of light from the writ-
ing surface. The blackboard is designed with the thought of using
both front and rear of the swinging blackboard surface. While the
front may be used, as suggested previously, the back could be used for

freehand sketching, tests, solution of problems, etc.

Construction: It is suggested that the portable blackboard be con-
structed from a hard wood, and extreme care be used in the accurate con-
struction of the track carrying the head of the T-sguare. The black-
board surface should be of a good grade of presdwood, securely glued
and bradded to the frame. The hardware listed is of standard deeign
and can be purchased from the larger hardware storee or supply houses
that provide for industrial arte needs.

Naturally, to make such equipment entirely workable, triangles ere
needed. These may be constructed of 1/4 in. ﬁlywood {n both 30-60 and
45 degree types. Likewise, a scale may be made from 2 by 2 soft pine,
divided and marked to represent all of the scales of a triangular
architect's scale. A regular blackboard compass may be purchased, or

made, to complete the equipment.

Slating the Surface: A reliable paint supply company should be
consulted for material to be brushed on, to form the writing surface.
There are many brands on the market and a reliable product meybe easily

secured.



Part F
PROJECTION BOX

Probably no course of study in industrial arts has undergone fewer

changeg during the vast 30 years than mechanical drawing. New Text

atlon have contributed wmuch toward the standardization of the subject.
There is less abstract work ian the problems contained ian the madern
text boak. The experienze gained from the defence tralaing orozrans
have played an important part in the changed roiicles of the sciool
drafting laborator,. As a result, many of the instructors are slviag
more attentiorn to the actual needs of the courses as they apjply to the
student and his work. Blueprint reading and sxetchling are now regard-
ed as more important than the mere making of drawings 1nv01vi;f tech-
nigue. Obviously, the majority of the students are not vreparing for
drafting vocations and the major objective 18 to teach students to

have a working knowledgze of draftine.

Teachine Alds: There is one phase, however, In the teaching of

drafting which hes been overlooked or regarded as not subject to any
particular jiamprovement. This 1s in the methods, or te2aching alds,
used by the instructor. Gragning the fundamentals of orthographic
projection is not easy for =2ll members of a class. Teaching thls
unit means that the instrictor must give iadividual iastruciion, black-
beard demonstrations, and strees the material ia the text book. The
student does the best that he can to master these fundamentale, How=
ever, there are times when nornal, intelligent, and willingz beginners

find it difficult to understand the printed page, oral iastructisn, or

L8
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complex diagrams on the blackboard.

The Projection Box: The box shown in Fig. 7, is made of 3/10 ir.,
water clear, plexiglass. Such plexiglass may be purchased from deal-
ers ir craftsman's suoplies, companies making plastics, or industrial
arts supply lrouses. To make the bex, purchase z niece of plexiglass,
11 by 21 inches, and cut it accurately to the eizes indicated in the
drawing. Care muet be taken In werking ont the hinge tetall, so that

he box may be opened without the hinges binding. Tre "ase should be
of well seaesoned wocd, and should be enameled or stained a different
color, in order to ldentify it at a distarce. 1t ie possitle to onlan
a projection box of a different shape, tc fit the eize of the object
to be drawn. The corner tlock may be ma.e of hard wood or three

vrieces of plexiglasse cemented together.

Purpose: The purpose of this box is to show the relationship of
the orthographic views cf an object, when projected on a flat surface.
Many clasees in drafting are conducted mere.y for the purpose of teach-
ing the students to read drawings, and coneists chiefly of couying com-
vleted drawings, or by completing partially made drawings. The basic
principle of orthographic drawing is often neglected tc such an extent,
that many who have completed such a course, could not draw a simple
model unless the instructor supvlied specifications for tre layout.

The majority of students, who have completed a drafting courre, have &
general knowledge of reading drawings, but it is disavpointing to find
many who cannot express an original idea gravhically in a correct man-
ner. Perhaps the views are not correctly placed or cornected or pro-

rortiored, as no use has been made of projection lines tc save repeated
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meaeurements and to prevent errors. (5, pages 81-8U)

Uee of the Projection Box: With the projection box in a closed

poeition, as indicated in Fig. 8, the object to be drawn is placed with-
in the enclosure of the box. To make the object center for the front
and side views, it 1s suggested that supports of fine piano wire be
placed on each corner of the base of the object.

It 18 an accepted rule that the surfaces of an object suspended in
space may be projected onto planes to which they are parallel without
phanging their shape or area. This means that the projection lines
are parallel to each other because if they were not, the projected
images would be either larger or smaller than the actual surfaces.

The process of makirg an orthographic projection involves the encloeing
of the object in a transparent projection box. After having projected
its surfaces to the sides of the box, it is ovnened in such a manner
that the corners nearest to the observer are the hinge lines. When
the open box lies flat, all tre views lie in the same plane. The stu-
dent will learn that the imarces are definitely related because the same
points are shown in many of the views, except that trey are viewed from
a different direction. (5, pages 8U-8E)

It is not always necessary to use all the views which appear when
the box is opened. Only those views which together furnish sufficient
details for reproduction of the original object are necessary to be
shown on the drawing. As a general rule, simple objects require the
use of three views, and in many cases less than three.

After observing the demonstration of the projection box, the stu-
dents should be permitted to place their models in the projection box,

and work out their problems. To complete the lesson on orthographic
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prejection, the student will draw the necessary views of the assigned

object.

Part G

GLASS-TOP DRAFTING BOARD

The glass-top draftins board illuetrated in Fie. 9, and deccribed
herewith may be made quite easily in the school shor. Its construc-
tion does rot involve great exopense. It is ma'e with a glass ton size
of 14 by 18 inches to accomodate the stendard layout sheet, illustrated
in Pig. 4.  Around this glase, a frame 3 inches wide ig constructed.
The total overall size of the top is 20 by 24 inches, which is the size
of the standard schocl drafting board. The tou ie '.inged for the fol-
lowing vurposes; (1) to facilitete emergency ventilation, () to adjust
the tilted drawing surface, and (3) easy access to the bulbs.  The
glass top is made of two pieces of double strength glass, to ¢ive ad-
ditional strength. It is desirsbtle to nlace a piece of tracing paper
or cloth between thre twe nleces of glasc, sc as to diffuuse the ligsht.
(32, page 31)

The reflector is of sheet aluminu:. In order to insure ventila-
tion, openings are made in the two sides .and thre back. For illumina~
tion, eight 20 watt tubular bulbe may be used. They are arranged in
twc sets, each with a sevarate awitceh. This separation of the circuits
allow for choice of intensities. The material used in the ccnetruction
of this drafting board shold be of a hard wood, and finished to harmo-

nize with the drafting equipment.

Use of Glase-top Drafting Beard: The use i3 which the drafting
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toard can be extended is limited only by the imagination of the iastruc-
tor and students who made use ~of this devi:e. For the ianstructor, the
illuminated board may be used, to prepare copny for any of the duplica-
tlon and reproduction processes, check dralfting vroblems from a master
copy, comparison of the individual student nrodlem with that of the
rest of the claea, and to 1llustrate correct weizht of liaes, For ilre
student, the illurinated board may be used to nrepnre goony for student
publication, to5 checx thelr drawings with eac! nther [or possitie er-

rore, and ezge of checking for comnletenesa 2f drawling.

Part H

CHART CABINET

Charts are used to draw the attention of the class t» iaportant
facts or ideas. Charts are visual representations of facts, situa-
tions, or objects for making comnarisons, for summarizing, or for show-
ing quantities and developments. Excellent charts can be made showing
such things as functions of working parts, the care and servicing of
equipment, pictorial symbols, exploded drawings, and detaile of con-
struction. Manufacturers have placed at the disposal of the drafting
instructor, many charts that are indispensable in the teaching of
drafting. To choose the type of chart that will best present the
idea, the instructor must know exactly what the chart is to.show and

be familiar with the different poseibilities of display.

Storage of Charts: The securing of charts, rolling them up, and
filing away in a cablinet serves neither the imnstructor or the student.

A suitable etorage and display cabinet, Fiz. 10, is needed to secure
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the greatest benefit from the chart. With this thought in mind, the
chart cabinet was desizned. The construction is quite simple and would
not be difficult to construct in the school shov. The depth of the
cabinet could be increased to male available an increased number of
swinging panels. It is to be noted, that the hinge on each panel is
80 constructed that the panel can be removed by pushing the panel up-
ward until the lower dowel clears the supporting member and then pull-
ing the panel outward from the bottom. Special attention is called

to the construction_of the door. This type of door will not warp,

and is lizht in weight. Even the inside of the door couild be used for
chart display, as well as each side of the ewinging panels. Scotch
cellulose or drafting tape serves a very useful purpose of securing the
charts to the awinging panels.. With the door closed, except when the
charts are in use, the charts will remain clean and in an usable condi=-

tion for many years.

Part I

INDUSTRIAL IRAFTING CHECK LIST

Instructors are very prone to instruct their classes in the same
manner year after year. Certain devices have been found to be good
teaching technique. These have been kept and used contimiously which
has produced a deadening effect on the instructor's ianitiative. There
are many other devices which, if used, would produce more pleasant
pupil experiences than the traditional methods used. Te course of
study cannot be changed to a great extent, but the procedures can be

varied.
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Corrections: It is traditional for a drafting instructor to write
corrections on the student's drawing, during the process of grading.
This tends toc detract from the avvearance of the drawing and creates
within the student the desire not to show nis drawings to others.
However, if the industrial drafting check 1list, Fig. 11, is prepared in
advance, passed out to the students with a few words of exvlanation,
and is conscientiously used by the instructor, the students will appre-

ciate the corrections made on the drafting problem.

Check Mark: Errors are noted on the students drawing by a check
mark with a number and letter. For example; \gg,showa that the in-
dicated lines did not meet at a definite point and a neat joint did not
result. This check mark should be made lightly, with a soft pencil,.
This will allow the student to check and correct his errors, erase the

check marke, and then not be ashamed to show his drawing.

~:,§onglusio§: The expanding program of drafting in the public
schools have developed a greater need for more elastic teaching aids.
It 18 wise to make the teaching aids flexible enough to cover the field
of drafting. While teaching drafting, the instructor is frequently
confronted with the vroblems that become time consuming in his efforts
to assure full comprenension on the part of the student. Proper
teaching aide at the right time are often tremendous timesavers and
produce a more thorough and lasting impression.

Many of the best teaching aids used in the laboratory are made by

the instructor or under his direction. There are several advantages
in making them. The teacher may prepare just what he wishes to show

in an aid and omit all unimportant or undesirable features. These
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DRAFTING CHECK LIST

VIEWS

A. Selection--Have proper views been seletted which most clearly
picture the object?

B. Placement--Are the views placed in proper relationship and
located so that the sheet is balanced?

C. Scale--Is the drawing tco large or too small for the sheet?

D. Completeness--Are there too many or not enough lines?

LINES
A. Type--Has the right kind of lines been used in each part of the
drawing?
B. Weight--Are the lines of proper width and density?
C. Uniformity--Are all lines of each type the same throughout the
drawing?
D. Junction--Do the lines meet at a definite point 80 that a neat
Joint results?
E. Erasure--Are the erasures adequate and neat?

DIMENSIONING

A. Placement--Are dimensions conventionally located to give good
balance and readability?

B. Completeness-~Have any dimensions been omitted or duplicated?

C. Accuracy--Do the dimensions conform to those of the problem?

ARROW_HEADS

A. 8ize--Are the arrow heads the proper esize for good appearance?

B. Weight--Are the lines of the arrow heads of correct width and
density?

C. Shape--Are they properly proportioned and conventionally formed?

D. Uniformity--Are the arrow heads the same throughout the drawing?

LETTERING

A. Size--Are the letters of aporopriate size?

B. Weight--Are the lines of the letters of correct width and density?
C. Shape--Are they properly proportioned and conventionally formed?
D. Spacing--Is the prover snacing used between letters and words?

E. Guides--Have guide lines been used and proverly spaced?

SPECIFICATION AWD NOTES
A. Placement--Are the specifications and notes conventionally
located, easily read, and well balanced on the sheet?
B. Completeness--Are there sufficient specifications and notes to
give necessary information?
C. Accuracy--Do specifications and notes give correct information?

CLEANLINESS--Is the drawing free from dirt and smudges?

Fig. 11



can be made to the size most desirable for laboratory use, and with a

minimun of expense,. It is much easier to teach drafting when the in-

79

structor has at his command, all the teaching aids involved in a course.

Thie is a more positive approach to teachice.

The drafting teaching aids discussed in this chapter are a few of
the many items that may be designed and constructed for use in the
drafting laboratory. If the instructor has the time and material, the
development of drafting teachine aids would modernlze the instruction

in the drafting laboratory.
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CHAPTER U
LABORATORY AND EQUIPMENT AIDS

The responsibility which rests on an instructor assigned the task
of planning for a drafting laboratory of a school, is an important and
challenging one, and the task demands considerable thought and insight.
Errors in room planning and equipment purchases are costly, in terms of
money. Wrong planning and wrong equipment selections may obviate the
very purposes being sought through the drafting laboratory experiences.
The problem should, therefore, be avproached with a thorough under-
standing of the general educational philosophy and of the objectives of
drafting as a guide.

The importance of the equipment and its function in carrying out
the aims and ourposes in the drafting laboratory is a factor coandition-
ing the teaching process of drafting. This i8 a matter not given due
recognization by too many instructors in the field of drafting. It is
only too evident to the experienced instructor that the behavior of the
students while they are in the drafting laboratory may be greatly in-
fluenced by the many ovportunities it affords them in giving definite-
negs to learning in all the instructional areas. Indeed, the success
of the instructor may hinge upon the factor of laboratory layout,
equipment, understanding of mechanical principles, aids, and devices

of the modern drafting curriculum.
Part A
THE DRAFTING ROOM

A drafting room in a2 unit industrial arts program is a room
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devoted entirely to the exzloratory and training of students for the
various fields of drafting. Tie drafting room should have facilitles
for training the students, whereby they will gain a wholesome experi-
ence with ol jects, and masze drafting the record of those experiences
which incinde uase of materials, processes, and many other factors.

The major problem in laying out a new draiting depnrtmeni. cr in
reorganiziprg an old cne, esvecially in the small school, is to get the
most usable space, tre most sultable equipment, and the very best pro-
grax possible with the means available. To this end, the department
shcnld be carefully olanned in detall tefore constructicn besins and
tefere equirment is constiucted or purchased. In any event, the draft-
ing room should be constructed, equinped, and arranged 80 as to insure;
(1) instructional convenlence, (Z) safe and eccnomical cperation, (3)
vase of zdminletration, and (%) maxirmm educatiocnel values to the stu-

ent.

The Drarting Room Layout: The odroposed layout, Fis. 10, shown
and descrived in thie zrticle is a planned lgyout, embodying some of
the isrrovements to bve desired in a modern industrial arts drafting
roo:. The provcsed cvlan calls for a room appreximately 34 feet &
iaches by 40 feet, With a floor area of 1691 square feet and drafting
tatles wrovided fof 33 students, this mal~es avproximately 51 square
feet of ficor area snace per student., Newkirk and Johnscrn, in their
took on the Industri.l Arts Irogram, suggested 40 square feet of floor
arge svace ver student in a high schoel drafting room and slightly over
o square feet per student in junior high.

Tre ratio of the width ¢f thre draftins room to the lensth is ap-

rroximately one to cne znd one half. This allows for a sufficlent
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amount of window space along the froud of the drafting roox.

Uraftingz Room Arrangement: The writer of this thesls has taught

= -

in a number of differeat reooma, attended dr-ftine clasazes {n othere,
and visited in many others. The idea for the -royosed drafting room
wag gainad from visiting the drafting room af M-. 2. ¢, Orman, Central
High School, Tulsa, Oklahoms. When the writer stesnpe! lnta the draft-
ing room, a feeling of freedom and a complete breaktdown o7 the tradi-

tianal arrangsesment was noticed, The proposed plan is not an ezact

¢

[E
i’y

of Mr. Orman’s drafting ro2:, rather a plan that could he adapted
to any room of the sane ratio, varyiag the mumber of deafting tables
with the floor area.

The arrangement of the room shown in the aczompanying drawing,

alleviates some o0f the factors usiaally found in the drab, formal draft-

ing roon. In the first slace, the novelty of any change made in the
traditional drafting room creates a desirable chance in attitude. ™e

arranzenent of the drafting tables nrovides a distributed lisht, bal-

anced as mach as poseible nnder ithe clrciunstances, {or the sreatest

nunber of studente,

The room losks very spacious and free from encumbr=ances. The
students can move around very freely without disturbances. The {nstruc-

tor cain sce the students, at work, &t a glance and can move around from

table tn table very quickly and unsbtrasively. Genernlly, the change
will tuild np a tremendous psychological 1ift. Since the isolation

and tightness of the furual deafting room no lsanger existes, the sindents
feel 2t home znd behave as they naturally womld,

The arraazement nf the nortable dlackboard near the instruactor's

table, wmakee possible the moving of Lt t2 any free area. 1f moved to

&3



a position directly back of the ingtructor’s table, all stucertis can
tian on thelr drafting stcols to view tre naterial being placed on the
blackboarc, Being turned sidewise fron their tables, the students are
not confronted with the desire tc contime wort on a drawins while
listening to their instructor.

The furnituire necessary in a drafting room is located around tle
sidewalls of the rcom, to nrovide for ithe greatest convenience cf sin-
dents and instiuctor. As the student entere the roor, he can stop at
the resporsitility board, and verhaps even nick up a booxk from the book
case on the way to his drafting t=zble. The duplicating table ise
equipred with a vent for Ozalid develo:ing, sufficient room for a small
reproduction vrinter, washing syace for blusurints, and suitsdle stor-
age underneatl..

The wash basin and fountaln, necessary equipmert in a drafting
rooxn, are lecated where they will be least ncticed when enterins the

rocm, yet readily available to trhe occupants of the roeor.

Ilivminaticr: The desirzable condition for the drafting room is
natural illuminatior, with an alundance of evenly diffused licht with
a minimum of shadows. The windows teing along one side of the roon,
located from 3b to 40 inches above floor level to the ceilins heieht,
being of frosted glase, allows f.r a rmaxinuw of natural lizsht from one
side. According to Newkirk oré Jehnson, in their beok on the Incdustri-

al Arts Progrem, the artificial illuzination for a drefting room skould
provicée for at least thirty foot-candles on the drafting talbles. Ta
gain this 1llwrination, 3 rows of louvercd flucrescents with four LG

watt bulbs, are equally spaced across the widtl. of the raoor, the rows

running the long way of the rcos. Bach row of flucrescents sghould be



controlled by a separate switch near the entrance of the roon. This
allows the use of independent rowe, tec bring the natural light up to

the requirement for individual tables. In Mr. Orman'e drafting room,
with a lighting systen descridbed as above, it is Irnossible to find a

shadow in any part cf the room and during any part of the school day.

Tyoe of Draftirg Tables: Two different types of drafting tables

are descrited ir chavter four of this thesis, Either may easily be
constructed in the industrial arts shop, and will meet the requirements
of a modern drafting roon. It is considered a good vractice to have
the tables of sufficient height that the student can stand ur. Then,
provide a stool of the correct height tc seat the student comfortably

at the table.

Storage Svace: A careful study of the floor vnlan will indicate

storage space provided for centinuous use of the drafting room during
the school day. Attention 18 called to the file cabinet, near the
instructor'se table, for the filing of instructional material, drafting
supollies, and completed drawings turned in by the students. Irndivid=-
ual storage could easily be taken care of by use of the cabinet space
under tre two work tables, The bock case is readily accessable to all

usars of the room.

Color in the Drefting Room: The interior color treatment cf a

drafting room must be aroroached from twe angles. Of orimary impor-
tance is the creation of an environment thet is at once pleasant and
stimulating. Added tc this is the use of firishes tlat vossess suffi-
cient recistance to withstand tre rigors of reveated washing and clean-

irng. Moderr science has established the fact that cclor is a specific



teaching aid. By emvloying color as outlined in the principles of
color dynamics, drafting rcoms have increased efficiency and precduction
becanse color possesses inherent nower. The new technologicul devel-
comente in maintenance finishes plus the kncwliedge of scientific color
application now malces it possible for the average drafting rcom to have
a decorative pattern that is botr beautiful and duratle. No longer
shovld measures of econcmy and durability be the barrier to making the
drafting laboratory as attractive as other rooms cf the médern scrool.
By carefunl choice of finishes and prover selection of colors, the at-
mosphere of the drafting room can be trfﬁaformed inte & direct teaching

aid.
Part B
PORTABLY DRAWING BOARD

With the increase in enrollment, the draftins laboratory maybe
crowded to overflowing during the entire scheol day. The beginning
drafting classes are usually, in thie caee, assigned tc another rcom.
In all vrobability the rcom will be well sumplied with flat toy tabdles,
and perhavs even stoole, yet these tablee are indirect centravention to

the Vasic philosophy in underlying drafting lasboratory situaticns.

Drawing Bcard: With the above thought in mind, the portable draw-

ing board, Fig. 13, is snuggested. As the name impliee, it is a stand-
ard drawing board mace usable in any Troom. Te the back of the draft-
ing board is attached tre two supports to forx the base. Aside from
forming the base, they vrevide a slanting top much like the standard

drafting table. The supports are held in a vertical position by a
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spring formed from 1/4 uy 1-1/2 by 20-1/8 piece of hard wood.  When
the boards are not in use, they may be easily ccllansed, the T-square
vlaced under the folding sunoorts, with draftiﬁg tools aslong side, and
stored end-wise in a drafting board cabinet. The cost is very mininum
to maxze this addition, while the satisfaction to¢ the student and in-

structor is one of indemnifiecation.
Part C

DRAFTIXEG TABLES

The drafting table is the worl: station of the student in the draft-
laboratory. This is the place or area where he will svend the sreater
part of the period and rcerform the greater nart of his work. With a
suitable table 'ipon which to execute the many overations required in a

drafting room, the student will feel at ease.

Frame Drafting Table¢: The drafting table shown in Fig. 14, is one

of the conventicnal type found in the drafting laboratory. It could
easily be canstructed in the cavbinet shop, on a production basis. The
rigidity of this tatle is due to its frame construction and brace of
1-1/% 1. »ipe, which forms the foot rest. 1t will be odbeerved that
the top is adjustable for choice nf sloype. The total height of the
table is suitable for standins while drawing, or the student may be
seated on a stool 30 in. high., This is suitable to the average learn-

er enrollied in the drafting ccurse.

Metal Drafting Table: The drafting tsable described in Fig. 15,

‘can be constructed at a low cost in any school trat is supnlied with

welding equipment. It is simple to design, has an all-metal base, and
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is rigid as well as durable, With the use of jigs, it can be rapidly
assemnbled.

The tabls helght 1is adjustable, as well as the slope of the top.
With thie adjustmen®, “he table can be made suitable to the average
helght of the students enrolled in the drafting course. The top is
constrmicted of wood, and cf sufficlent slze to accomodate all types of
public schosl draftine.

Instructors of draftin- are faced with the problem of efficlent
arrangement of necassary equipment on the drafting table. The hinged

portion on the front of the top is designed to hold that part in a

level poaitior, regardless of what vosition the table top {8 set. The
additlonal shelf, added to the front of the tor, hnalda the lastrument
case, irresular curves, triangles, iniz bottle, ete, Thie arvangeaent

will keep the instrmments from sliding and the ink bottle from siipplag '
off the table to-. The additional shelf is 8o arranged that it will
not interfere with the movement sf the board or T-square. The shelf

allows free use of the entire table top for drafting.
Part D
DRATTING STOOL

One of the essential rieces of equipment in the drafting labora-
tory is the stnol, Fipg. 1t. To nurchase the requlred nusber of stools,
for the drafting laboratory, would invalve a considerahle amount of
money . A project of making the drafting stools would be worth while
economically, and of high educatisnal valie to the student. The con-
struction 2f the stools could be so organized, as a project, for the

semester., The operatione introduced to the welding student are those



22

DRILL-2 HOLES

S
16

DETAIL B

wi¢
A

|
D
]
/ DETAIL A

C:

|||| .5
=
T I
a wm
= e
—-~ O
=
M Q.
)

N - O

N

X

N
"y
B
/
NN

DETAIL C

I
243
DETAIL D

82 )

JIG
FIG. 16 DRAFTING STOOL
SCALE

o )

LLs

r—
No——

—
i
—_—

.
—

-

WELDING

HARDWOOD TOP

STOOL



B

that every heginner should learn.

Jigs: Modern methode demand modern production facilities.  There-
fore, to expedite the cesemtly of the etoole, and to insure the proper
alignment of each part, a jig was constructed for this work, The jig
is inexpensive and the time element involved in its conetruction would
be comrensated for by the speed in the production of the stools. The
jilg is so constructec, that the height c¢f the stool car te varied to
suit the individual needs. This is made poseible by the ton and mid-

dle crossarme of the jig being movable on the central support.

Constructicon: The operations involved in the making of the stool
are as follews:
1. Cut the legs to length.
¢. Place the legs in position, and slip tre 1/2 in. ring down cver
ther., This serves as a clamp tc hold the legs in positior.
3. Cut the four leg braces to length, and slip them intec position rest-
ing on the middle crogsarm, of the jir.
4. Tack weld the four leg braces to the legs.

Remove the partially welded stool, frem tre jip, and weld the 1-1/2

v

by 1-1/2 plate to the tor of the les. This cer be accomplished, by
turning the stocl upside down on a flat surface.

€. The tov beirg of hard wocd and previously turned, shonld next bve
fastened to the rlates with 5/1t by 1 in. lag screws.

7. With the top fastened in position, the braces should be completely
welded %o the legs. By fastening the top to the legs, before com-
pletion of welding, the frame work of the stool will not distort

from the ceorrect shape.



Z. The rough sucts should he smocthed and all scale and dirt removed,
rreparatory to painting.

9. The cclor of the stocl should he one that will harmonize with the
cclor scheme of the drsfting laboratory.

The wood sezt is sufficiently strong tc suppert eny normal lcad
that might be applied, Having the stool welded, instesc of bolted,
elizinates the poseibility of any moving varts that might get loose and
tiue insures safety. This, alsc, removes any occurrence of sguesks
and other undeeirable noleges at the same time. The addition of crutch
tips, to each leg, will make the stocl noiseless and create little wear

on the floor.

Part E

DRAWING BOAED AND T-SQUARE STORAGE CABINET

The storsge of drawing bozrde end T-squaree, as well as the toole,
ie a problem that confronts many imstructors {r the drafting labora-
tory. It 1s wise economy to have the drafting tablee cleared of all
drawing equipment at the clese of the day, for the folleowing reascns;
(1) this permits the cleanirg of the rcom fer the next day's classes,
and (2) the instructor, who is responeible for the drawirg equipmert,
can be reasonably assured that all of the stored egquipment !s in readi-

ness to start the first clase in the morning.

The Cabinet: The storage cabinet, Fig. 17, is designed to held
the drawing boards, T-squares, and drawing tools, The problem of de-
signing involves; (1) sufficient space to care for the tctal number of

drefting boards, (2) sefety for the material being stored, (3)
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sufficient accessibility so as to require a minimuum time for the student
to get his drafting equipment from the cabdinet, and be stcred again at

a later tize, and (4) an arranpement that will nernit tre boarde and
drafting tools %2 be placed in the cadbinet and removed from it with a
minimum of difficulty and confusion.

The catinet may be constructed vrimarily »f nlyweed, and ensmeled
to enit the coler scheme of the laboratoery. The hingee should be
tolted on and the nuts riveted dowr. The doore srould be fitted with
a good cabipet lock, that will insure absolute safety of the etored
equipment.

The efficlency of this cabinet 1s in the stcreage of drafting
equipment and tcols, where they can be easily checked and all under the
pretection of one lock. The csbinet should be located near the door,
to provide accessibility for the first clasa in the morning and return-

ing to stcrace by the last class in the da;.
Part F

SUN FRAME FCR REPRODUCTION AND DUPLICATION OF DRAFINGS

— P .

There are many methods of printing Rlueprinte, Ozalid prints, Van
Dyke prints, end BW vrocess, The simnlest wethod is the use of a sun
frame, Fig. 18, which containe both the tracinc and the sensitized

raper anc is exposed to the rays of the sun or to bright actinic light.

Making the Sun Frame: The size of the sun frame should bte deter-
mined by the maxisum s8ize of orints to mcet the individual neede of the
drafting laboratory. It is well to ccnetrict the frame of a hard wood,

to withstand the natural wear involved in maxing prints, A first



grade, double strength glass should be selected for the front of the

frav . The glass is held in »lace to the edce of the frame with
moldizg, securely held in place with flat head szrewn. This allows
for easy replacement in case of broken glaae, A dark felt pad, ap-

proximately 1/% {2, in thickness is desirable. This helps to enual-
i1ze tne pressure on the back of the sensitized naper against the trac-
ing or negative. A word 5f caution 1s added: {t is advisable to
gecure a felt pad that does not allow filbers of the material to break
away from the pad and lodge between the glass and the tracl:-. This
canses an undue amount of annoyance and results in the disfiguratisn of
the print, The plywood baczing should be selectad for havines a sur-
face that is not in wind. Type 302 stainless steel is n anltarle
materlial to form the springs. Wnen the clarping ara ts fasgtensd in
piacs, the svrines equalize the pressure evenly over the aurfaco of the
glnss. A natural finish may ve arplied to the frame to add t. the

general an-earanc-,

Procedure for Making a Print: The rrecedure for making a nrint in

i

the sun frame is as follows:

». Place the frame on a tatle or flat surface with the glass or froat
side down.

Z. Bemove the back of the frame.

3. Place the translucent copy, to be reproduce?, in the frame with tre
inxed or printed side toward the glass.

“. Place the sensitized paper on the translucent copy with the coated
side down.

H. Place the back on the frame, making certain that the sensitized and

translucent cony are emosth and {in line.
&



€. Then place tre frame in the sunlight or urder a bright actinic
light.

7. Time for expesure will depend on the intensity of the light, quality
and type of sensitized paper.

g. Remove the print and develop according tc the directicns that ac-

compary the type of sensitized paper being nused.

Iiritations: The use of the sun frame {a most ofter used where
the cost of installing modern repreductior equinment ie prohibitive.
Thie method is sultable for small prints, dut is entirely inadequate
for use in industrial plants wkere prints as large as 12 or 15 feet
long are very commor. The uee of a sun frame for a great nurber of
rrints 1s highly undesirabie, as it is neceséary to have prover inten-
sity of sunli¢ht avellalle for a satisfactory vrint,

It may be conrncluded that use of the sun frame will meet the repro-
duction requirements of the instructor and studente in the small drafi-
ing laboratery. There are cases where the worik ie of suck nature and

quantity that the purchase of a rerroduction orinter would be justified.
Part G

DEVELOPER FOR QZALID PRINTS

The develoning of Ozalid oprinte is a very simple process. It
requires a very minimum of equipment for thre process. The writer de-
veloped his first prints in a carbide can, resting on the bath room
heater for a scurce of heat. Tre aqua ammonia was vplaced on the in-
side in a small can, with the exposed prints dropned in around tlLe can

of ammonia. This produced very sood prints, however, every time the
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114 was removed from the carbide can, a larze volume of the ammonia
funes would escape. This wns due to the fact that agua ammonia funes
are one-half the weight of alr. Then, the reaching into the can for
the ;rints caused the skin on the writer's hands to dry and scale of?.
Considerable thought was given to modernizing the develoner, something
that wonld eliminate the difficulties encountered with the use of the

carbide car.

New Desic:: The writer, after exvmerlmenting, collected the neces-
sary umaterlals and assembled the new develcoer, as shown in ¥Fi-. 17,

A low cost, law heat methnd was solved by the use of a 200 watt incan-
descent lamp bult, This supplies the necessary heat, which rises fronm
the lighted lamp, penetrating the floor plate of galvanlzed fron which
gupports the small can of aqua ammonis. The top was male *- tele-
scope, much the same as a galvanized iron chicken waterer. Thie elim-
inated the loss of anmonia fumes every time the developer was opened,
as the fumes would travel upward with the telescoping omtside contain-
er, The adding of undeveloped prints to the developer and the reslac-
irg o¢f the teleecoving cover will replace the ammonia fures in the de-
veleper, and a2gitate the fumes around the prints. The afqua anronisan
is changed into a heated vapor, which is essentianl for the developrmernt
cf suveh prints.

For convenience of moving the developer arcund, ae well as for
support of the heat unit and telescoring cane, a functional stand was
added.

There are perhaps other methodes of develoning vriuts by the an-
monie vapor procees, widch mar work equally as well. The writer, how-

ever, will use this develcper in developing the prints that makes up
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the pages of this thesis.
Part H
HECTOGRAFH FRAMZ

The duplicaticn of a few writter or tyved articles, or drawing
rroulems mayte easily acconrliehed on the hectograph, Filg. 2C. The
einplicity of the operstion, the coat of conetriction, lew calintenarnce
urkeen, and speed of dunliesticn should make the hectograph n faverite
with the draftirg instructer. Made wit)r two gelatin surfaces, the
werk mayte speeded up tecause two of morc co:les may be made at thre
same time. By the foldlug of tlie frame 1ike & boox, the hectegraph

nay bte stored awny free from dust and in & minimur of svace.

Construction: The end and side membters of the framee are made of
/8 by 1 ir. hard wecod stripe. The corners sre mitered and rrovided
with a spline for additicnal strengtl. The inner edgee cf tle frane
rroe beveled to lock the gelatin in the wood pan. The twc franmee are

glued tc two plecee of prestwood te ferm the ton and ketteon of the

kectegraph, when closed, It {s advisable tc give pndded reirforcement
to the glued joirt, by the additicn of oval hesd screws. The franes

ere ringed togetber and provided with a locking device. A natural
fizlieh, addéec to the outsile of the frame, wlll greatly add to the ap~
pearance. The constructicn of a roller, as shown in Fle. 20, will

add to the ease of makirg the maeter cacry smooth on the gelatin surfece.
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Part [

T-5QUARE CLAMP

The T-square clamp, Fig. 21, is found very useful in repalring T-
squaresg for drafting clesses, It happens frequently thst toye drop
trelr T-squares, with thre reeult that the hend of tle gquare 's ususlly

Yroken loose from thie blade,

=l
(=¥

Use and Constructicn: With this clamy, it !e a simple matter for

the drafting etudent to remeove the screws, screp the gliue, and drill
new holee for the screws if necessary. Glue s ther applied to the
gurfaces tetween the head and the blaie. The hesd ard btlade 2f the
T-squnrre L8 clamped in prover rositiorn and the screws sre aet {n the
folee provided fcr then. Wher the glue {e dry, tre T-aguare ie& re-
meved from the clamp and will be feund %4¢ be ae valuable zs hefore the
T-square was droppec.

The clamp {8 simple tc conetruct, and provides = much needed piece
of equipment for tte drsfticg rooa. Srill in squaring the material,
turning the wood disce, and placing the varicue piecee in their rprover
relation are the only requisites.

It is suggeeted that the btase and diece be made of 3/4 ir., 5 ply.
and the rest of maple or eirilar hard wcod. Structural eizes and de-

taile are shown in Fig. 2.

After the T-square clar {8 conetructe?, survlue glue shonld be

removed and the surfeces thoroughly sanded, A cozt of warn linseed
cil should te arplied to all enrfacee and rubbed in well, After the

linseed o'l {8 thoroughly dry, a paete or llauid wsx should bte ay

Fre
a
e
>
<%

and polished, Trhis kind of a finish will keep any svrplus glue,
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resulting from T-esquare repalr, from acdhering to the surface of the

clzoy.

Concluvsion: Drafting leaboratories, planned and equisped, as suypy-

re—

gested In this chapter will meet the requirenents of a well planned
Industrial Arts Prograr. The placniog provides for flexitility in the
varicus ccourses thrat may be taught in {he dra:ting labcrator;. Trere
is =mdequate space for drafting, and facilities for ecod workmanshir cn
the part of the student i avallable. The tenchirg ceonditicrne are
right for making the mcet out of what drafting has to offcr in addirng

to the desiratle experiencee of the student.
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CHAPTER 5

STMMARY AND CONCLUSINTS

From reading the title of thie thesis, it will be noted that the
problemn deals with mechanical teaching alds, Thie work has been done
in an effort to compile material which will assist the industrial arts
instructor in the organization and administration of a drafting depart-
ment. Assunntione were eliminated and earnest effort was made to vro-
vide accurate data. A larre part of the references and gnotations

came from leaders in their respective fields.

Summary: To justify continued plac: in the curriculum of our
vublic schools, a subject 'mist be one »f content asccents:! ag valnable
for the students who pursue it and one of method =0 effective as to in-
sure reasonable mastery of the content. Drafting is one of the indus-
trial subjects introduced early in the movement for onractical ~fleri.gs
and ie today universally taught where industrial arts is offered !n our
public schocls. Because it is so widely presented, it ‘s gnite logi-
cal and necessary that attention be ziven to dbasic studies in txlse
field. We need factual evidence iz order to recommend improvements in
its materiale and methods.

As the industrial arts instructer extends hies knowledse of what
and how to teach, he is forced to the conclusion that past and present
nractices are as varied as the number of instruct rs. The field of
drafting is not unique in this resgect. Very few atte:zpts have been
made to establlsh the superiority of any given method or srocedire.
Since drafting instructors are attemnting to prepare their irafting

st-1dents to take their place and to function adequatel; in societ),

w
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they fail in their duty if they do not investigate all possible ques-
tions relating to worth while subject matter and organization.

The objectives of drafting should place it in every schnel cuarrie-
nlum and justify the teaching of the subject. Students gain educa-
tional values and social habits not ctherwise acquired. It i{s an aid
in meeting life experiences.

Textbooks should be used as an aid to the student, and to the in-
structor of drafting. However, they should be evaluated t» determine
thelr suitabilit:. Although methods »f tea hlnz drafting seexm to be
linited, much instructicnal material may be placed before the situndent,
The instructional material may easily be presented t=rourh the exten-
glve use of one or more of the reproduction and dunlication methods
mentioned in this thesis. The writer has made nse of extensive pre-
sentation of instructional material by one of the methods of copyine.
The continuity of a drafting course can be maintained through the in-

tellizent presentation of well written instruction sheets.

Conclusjors: Progress ia the development of a drafting laboratory
that is functional in the modern industrial arts program has been rela-
tively slow. Perhapns this is trne becaucse the drafting instructor hns
been subjected to the school of tradition and afraid of any new itrends.
The drafting laboratory should be so organized in regard to the general
arrangemnent, equivment, and sunplieg, that it can be judged on the ba-
sis of capacity, utilit;, sneed and such other gualities as might in-
crease prodnction and quality of the work.

The instructional materials which most instructors need are the
kind which will permit the individual student to progress with a mini-

mum of supervision and instruction {ine on the part of the instructor.
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Thra:ish the use ¢f standard instriuction sheetlsn, for all assleaments,
wiiizh emphasizes shjiective, the materiale to te used, and vrocedures to
be followed, the student is led throuzsh the various phases of drafting
arill developmern’ . Underetaniing ie enhianced by the zmaay teachlng
alds which aigh llecht tuo riant detalls in draftia-.

Instructors of drafting shsuld be constantly on the lookout for
new techniques, teachlas aild-, and equinzent, which will ‘nocreage thelr
ability to teach, underataniincsl;, knowledre and sxill to t™2lr etu-
dente, This 1s not zlways ezzr: antimpaated equinsent, erowizd sched
ales, and many cther factars rave n anny c#sos, revs=ates thern f{rom
doiag this job as well as !t shonld - - dsne. 1£ the st iients are
tauznt ia a moders, u—-to-date laborarury, due £ t-la exreriernzs wlt

modern planning and technigues, it may help ther make btetier adijust-

ments and thereby ovecume mare tuwefl and valuable oclitizena,

"True {t is that schalars are not ret accustomed to books !n

typescrint, {llustratione iz bluewriat, nor to nany ~f the varte-
ties ¢f product that technclocy now puts at their dle-anal, 1€
they ean but acconmedate th e eives ¢ the new techuligues, l-r-r-
tant barriers to intellectua int reoures can be made to "

(At bor anknown
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