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GIESECKE, MITCHELL & SPENCER

The third edition of this nationally used text is up-to-date and in fine with the most modern
practices. New material has been added to the basic chapters on Lettering, Multiview Draw-
ing, Sectioning, Auxiliary Views, and Dimensioning. Much useful information on industrial prac-
tices is included and the full chapter on shop practices is prepared with the advice and help
of various industrial concerns. All problem layouts have been changed to agree with the Ameri-
can Standard size of 815 x 11, || x 17, etc., and wherever necessary, drawings have been en-
larged to enable them to be read with ease. More than 200 new or improved illustrations are
contained in the new adition. Throughout, the text is in accord with the American Standard

Drawing and Drafting Room Practice, which is reproduced in full in the appendix.
Technical Drawing Problems — Second Edition — 93 Sheets.

Lettering Exercises — Second Edition — 16 Looseleaf Sheets.

Technical Lettering Practice — [3 Sheets.

3RD EDITION e

A unique, practicable set of worksheets, Descriptive Geometry Worksheets* covers the draf-
ing and layout work of standard descriptive geometry courses as offered in departments of en-
gineering drawing. Each topic is introduced by problems on fundamental theory, followed by
problems involving typical engineering situations. Used and improved throughout a two year
period at lllinois Institute of Technology and other colleges in a preliminary edition, this manua!
incorporates that experience into the text and does much to enrich the study of descriptive
geometry. It consists of 24 groups of laboratory problems. Problem material is included from
many fields not conventionally covered, such as map projection and spherical triangles, to-
gether with other material which is omitted from many bocks, such as shades and shadows,
perspectives, and conics. Article references to the following five texts appear in a chart in-
cluded in the Table of Contents: Hood, Geomtery of Engineering Drawing*, 3rd Edition*,
McGraw-Hill, 1946: Rowe, Enginnering Descriptive Geometry*, D. Van Nostrand, 1939;
Warner, Applied Descriptive Geometry, 3rd Edition*, McGraw-Hill, 1946; Watts and Rule,

Descriptive Geometry*, Prentice-Hall, 1946: and Wellman, Technical Descriptive Geometry*,
McGraw-Hill 1948, Eugene G. Pare, Robert O. Loving, and lvan L. Hill are Associate Pro-
fessors, Department of Technical Drawing, lifincis Institute of Technolegy. This manual is the
fruit of their combined teaching exparisnce. It presents a lively laboratory program in des-
criptive geometry which introduces the student to the many engineering applications of the
subject and at the same time focuses his atfention and interest more sharply on the basic
theory than does the program which deals with abstract theory alone. $2.50

PARE, LOVING & HILL

COMPANY = 60 FIFTH AVE., N. Y., N. V.

Technical Drawing Problems — Series 2 — Spencer & Grant — 138 Sheets.

$4.50
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AMERICAN SOCIETY FOR
ENGINEERING EDUCATION

RESOLVED:

THAT., WITH THE PRESENTATION OF THIS AWARD,
THE ENGINEERING DRAWING DIVISION OF THE
AMERICAN SOCIETY FOR ENGINEERING EDUCATION
BY THIS TOKEN ACKNOWLEDGES THE MANY
DISTINGUISHED SERVICES RENDERED BY

FREDERICK E. GIESECKE .

THROUGH THE YEARS 1893 - 1951

THE SOCIETY EXPRESSES ITS DEEP APPRECIATION
FOR THOSE SERVICES, AND THE GREAT PERSONAL
PLEASURE OF THE INDIVIDUAL MEMBERS IN
HAVING HIS FRIENDSHIP.

PRESENTED THIS TWENTY SIXTH DAY OF JUNE IN THE
YEAR OF OUR LORD NINETEEN HUNDRED FIFTY-ONE.
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JANUARY

8:30-10:00 A.M.

10:00-11: 30 A.M.

12:00 Noon

1:00-1:20 P.M.

2:00-4:15 P.M.

5:00 P.M.

8:30-10:00 A.M.

MID-WINTER CONFERENCE OF DRAWING DIVISION

ABSEE.
11:00 A.M.-1:00 P.M. A, Men's Program,in the Department

23, 1852 AT THE COOFER UNICN

1. Registretion

2. Inspection of Department of Ma-
chine Design & Engineering Drawing

3. Tour of Historic Foundation
Building of The Cooper Union for
_those who desire it.

Meeting:

l. Greetings:~Dr. Edwin S, Burdell,
President of The Cooper Unicn

2. Welcome from the Engineering
School:-Dean Normen L. Towle

&. Response for the Division:-Pro-
fessor Clifford Springer,Chairman
of the Division

4. Descriptive Geumetry in Shipbuild-
ing:-Mr. Reneto P. Iodice~Aseist-
ant to the Naval Architect,Gulf
0il Compamy-Part-time Inastruoctor,
The Cooper Union Evening School

5. Questions

Luncheon

Board buses for New York Neval .Ship—
yard

New York Nevel Shipyard

1. Welcame:-Rear Admiral P.B.
Nibecker,Camnender ,New York Nevel
Shipyerd

. ™Mold Loft Demonstration of the.

Development of a Shell Plate" by
Lieutenant W.J. Dixon - Productlon
Department

3. Tour of Shipfitter Shop

4, Tour of Ship under conversion

Arrive back at The Coopsr TUniom.
Open house for thosé who wish to
came,

WOMEN 'S PROGRAM

Registration,reception by The Cooper
Union Women's Club

10:350 A.M.=12:00 Noan Trip to television studio inoluding

12:30-2:00 P.M.

2:00-4:15 P.M.

4:15 P.M.

JANUARY 24,1952 at

8:30 AM.
10:30 A.M.

& progream
Luncheon: Enginesring Women's Club

Sightseeing tour of Gresmwich Vil-
lage,Chinatown, 014 New York, The
Battery, including all points of
interest

Tea end open house at The Cooper Union

Tickets for Radio City Muslc Hall
will be availeble for those who went
them for the evening.

* % ok k X

THE UNITED STATES MILITARY ACADEMY
West Point, N.Y.

Leave New York City by special bus
Arrive st West Point

1:00 p.HM.

2:00-4:00 P.M.

4:00 P.M.

JANTARY

25,

of Military Tcpography end

Grephics:

1. The mission of West Point

2. The over-all curriculum endits
effect on fulfilling this mig~
sien

5. The part playad by the Depart-
ment of Militery Topography
end Graphics in this curriculum

4. A demonstraticn of the methods
used

6, An exhibition of fmecilities,

" teaching aids,etc.

B. Women's Program

Conducted tour of kitchens,bake-
ries,cadet mess hall and museum,
B8 time permits.

Luncheon et Hotel Thayer (both men
snd woamen

Conducted tour of *the points of in-
terest on the West Point Reservation,
conoluding with e short orgen re-
sital in the Cadet Chapel (both

men end wWomen}

NOTE: Opportunity will be provided

between 3:00 and 4:00 p.m.
for members of the party who have
friends or relatives in the Cadet
Corps tc mest with them.

Return tec Kew York City, arriving
ebout 6:00 p.m.

X k Kk k &

1952 at COLUMBIA UNIVERSITY

9:00 AM,

10:3C A.M.

12:30 P.M.
2:00 P.M.

Morning:

1:00 P.M.

A. MEN'S FROGRAM

Inspection of the Department of
Grephics (6th floor, Engineering
Bldg.)

At Harkness Academic Theatre:

Paper 1. "The Integration of Draft-
. ing with the Photographic

Process.” Lloyd E. Varden,Technical

Director,Pevelle Color,Inc.

Discussion
Peper 2‘. To e announced.
Lunchecn,John Jay Hall Mezzanine

Trip 1., By speciml bus to Hevis.
Inspection of the Columbis
University Cyclotron.

Trip 2. Inspection of the photogrephic
color processing plant of
Pavelle Color.

B. WOMEN®S PROGRAM

1, Shopping or sight-seeing. Guides
will be provided to conduot the
ladies tc the various atores or
pointe of interest.

Luncheon

(Contimed on pege 28)
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THE COOPER UNION for the ADVANCEMENT
OF SCIENCE AND ART

Prof. Edward M. Griswald

We at The Cooper Unlon welcome ths oppor-
tunlty to entertaln the members of the Drawling
Dlvialon of the A.S.E.E. at our school for the
Mildwinter Conference. We hope that many of you
will honor us by a vislt. It was. our thought
that you might 1llke to know a 1i1ttle about thils
privately-endowed instltutlon, which has been
serving the people of New York for 92 years.
Sco, we have prepared this thumbnall sketch of
the school and 1ts Founder.

The Cooper Unlon formally opened 1ts doorsa

“to students on November 7, 1859. History says
of the” firastesreglstration day that there was a
mob assembled so large and eager that the ef-

forts to reglster students almost resulted in a

riot. ZEvery class was fllled 1n one night.
Since then, the times have been rare when the
gtudent body has not fllled both bulldings of
The Gooper Unlon to capaclty.

The Foundation Bullding 1s an elght~story
gtructure which was erscted by the Pounder,
Peter Ccoper. It 1a located betwsen 3rd and
4th Avenues at Cooper Square. The Hewltt Bulld-
Ing 1s located between 6th and 7th Streets
across Third Avenue from the Foundatlon Bulld-
ing. In the Ramapo Mountalns of Northsrn New
Jersey, The Cooper Unlon owna a 1,000 acre
camp, known as the Green Englmeering Cemp. This
camp 13 equlpped for surveylng work, for making
hydrologleal tests end measurements, for paint-
Ing end sketehing by art students, and for re-
creatlon. The wse of the Camp for recreation
by groups of studénts properly organlrzed and
chaperoned is encouraged. Weekends and vaca=
tion perlods are booked far In advance by or-
ganlzed camper groups. A fourday Freshman
Crientetlon Session 1s held annually at the
Camp in Septembsr.

Many people do not know that The Cooper
Unlon 1s tultlon-free. Every student who comes
here has what amounts to a four-year scholarship
in the School of Englneering,or a three-year
gcholarship 1n the Art School. The large num-
ber of applicants mekes the aselectlon of atu-
dents a very 1mportant problem as we want to
make reasonably sure that those who are admltted
are the onea most capable of profiting by thelr
scholarships. The first selection 1s based on
the high school record, the second hurdle 1s a
competitlve examinstion, end flnally for the
appllcants in the School of Englneering there
13 a personal Interview.

Peter Cooper, the Founder of The Cooper
Unlon, always styled himself “a mechanlc of New
York®, a phrase which describes him well. He
wag an Inventor, mechanlcal genius, and a suc-
cessfully business man. H1s business activitiles
" Included a glue factory and gelatin plant, one
of the first steel-rolling mills in the United
States at Trenton, New Jersey, and a large por-
tlon of the flnancing of the first Atlesntic Ca-
blea. Durlng the laying of the cables, his

petition.

-an oppertunlty he never had.

technlcal advice 1n overcoming the mechanleal
difficulties was eagerly aought. He also had a
finaneclal and technical intereat in the de=
velopment of land telegraphic communicatlion dur-
Ing 1ts early years. As a 3lde line, of which
he had many during his 1ife time, he englnesred
and helped to bulld the "Tom Thumb"™, the filrat
succezsful steam locomotive made In the United
States for the Baltimcre and Chilo Railroad com-
He personelly coperated the "Tom
Thumb® on 1ts trial runs end during 1ts femous
race with a horse. He gave technleal advice
freely on mechanlcal problems to many a young
Inventor who sought it. Many successful in-
ventlons of hls day were quletly filnanced by
him. Cne of those who sought his help was John
Erickson, the designer of %he Monltor. Cooper
was actlve In New York City politlcs during much
of his 1i1fe. He served a number of terms as
councllman and for many years was a member of
the Board of Education.

The 1dea for The CGooper Unlon came to
Cooper some 25 to 30 years before he was flnan-
elally able to make his dream come true. During
this time he had in the back of his mind the
ldea of & sachool that would provide young men
and women wlth the opportunlity for educatlon,
His formal school-
ing ended with the fourth grade. OCoopser sarly
learned the wvalue of books, but was unable to
obtain many at a price that he could afford.
This gave him the 1dea of a free public reading-
room, where anyone could go end be able to bor-
row the booka that he wanted to read, Peter
Cooper'a ldeqs developed and matured so that at
the tims of 1ts eatablishment he was able to
atate the alm of The Cooper Unlon asy "o ald
the efforts of youth to acquire useful know-
ledge, and to find and f111 that place 1n the
community where thelr capacilty and talents can
be usefully employed wlth the greatest advantage
to themselves and the community 1n which they
live." Peter Cooper, always a little shead of
his time, providsd that no cne should be e xclud-
ed from The Cooper Union "because of sex, race,
coler, creed, or political opinion.®

Peter Cooper was a firm believer in the
republican form of govermment. He belleved in
self-reliance, 1n leaving the individual fres
to make hls own declslions, in the integrity and
perfectabllity of man, and in man's ability to
operate a democratic government. He belleved 1n
phillanthrophy aa both a duty and the highest
self-interest, and in education both as a right
end as a practical and moral necesslty. He
gought to transform his bseliefa into deeds
through the establislment of his Union. The
meanings which he gave to the work "union" help
us to better sppreclate his philosophy. On one
occasion he stated that the word meant: Ya
unlon of sclence and art." Another interpreta~
tion which he himsaelf gave was: Ma unlon of ef-
fort to meke a republican form of govermment a
blessing to all." Both ldeas were baslc

(Continued on page 30)
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SCHOOL OF ENGINEERING
COLUMBIA UNIVERSITY

Profsssor Frank Lee

The Columbla School of Englneering ls happy
to be joint hosts with the Unlted States M111-
tary ‘Academy and The Cooper Unlon to the draw-
ing division of A.S5.E.B. at thelr mid-winter
mesating 1n January of 1982. We hope that those
who attend willl find the trilp both profitable
and enjJoyable.

The Scheool of Englneering at Columbla was
formally established 1n 1864 as the first 3School
of Mines in America. The humble beginning con-
gisted of the "setting apart"™ of rooms 1in the
College bullding for the use of the new achool
and the appropriation of $500 for "the purchase
of cases for spgclimens." The origlnal faculty
of assven - Thomas Egleston, Francls L. Wilnton,
Charles ¥. Chandler, Wllliam G. Peck, Charles
\.Joy, J. Howerd Van Amringo and John 5. New-
berry - served wlthout salary!

Although the englineering school was not
eatabllshed untlil 1864, the engineering tradl-
tlon at Columbla goes back to Kings College and
oarly Colunbia College.

Colonel Stevena of Hoboken {(Einga, 1788}
mlsgsed by only one day the reputation of belng
the inventor of the Amerlcan steamboat, and la~-
ter bullt an experimental track on hils Hoboken
estate and on 1t operated the first locomotlve
In the Unlted Statea.

The moat Influentlal of the sarly forerun-
ners of the 3chool of Englneerlng was Professor
James Renwick {Columbla College, 1807), who be-
came professor of natural and experimental chem-
1stry 1n 1820 and retalned thls post untll 1854,
when he became Columbla's first emerlitus pro=~
fessor.

At the beglnning, the course of study 1in
the School of Mines was three years. 1In 1868
a fourth year was added and additlonal courses
in metallurgy, geclegy and natural hlstory, and
1n analytlcal and applied chemlstry were 1lnstl-
tuted. A yoar later a course 1n clvil englneer-
ing appeared, 1n 1881 a course 1n archltecture;
in 1889 slectrlical englnsering and in 1897,
mechanical englneering. .

Chemical englneering was added as a de-
partment in 1908 and industrial englneering in
1919. :

The evolutlon of englneering sducation at
Columbla has followed an unusual pattern. Many
American schools were 1lnltlated as mechanlcs
Institutes or simllar schoolas of an Intensely
practleal, largely vocatlonal type. Through
the yearsa they have sateadlly moved forward in
professional stature, glving greater emphasis to
sound, baslc Instructlon in the natural sclences
end, more recently, wlth 1ncreasing attention
to general educatlon of the englneer. At Colum-
tia, on the other hand, the present departments
of netural sclence -~ notably Chemistry, Physics
and Geology - were developed under the engineer-

ing faculty and were not separated untll the
early 90's when the Faculty of Pure Sclence was
created. Slmllarly, the first 3chool of Ar-
chitecture began 1ife as a department of the old
School of Mines.

Thus, on the one hand, the tradition of en-
glneering educatlon at Columbla has always besn
gtrang on the sclentlflc slde whlle, at the same
time, 1ts cleose assoclatlon wlith Columbla Col-
lege, the llberal arts divlision of the Unlver-
slty, hes led to speeclal emphasls on the general
education of the enginesr. As early as 1897 the
so-called professional optlon plan was adopted
wlth the college, whereby a student recelved
both the A.B. and hls englneering degree. In
1914 thlsa optional plan was mads obllgatory and
1t has slince been extended on a cooperatlve ba-
sls with a number of other liberal arts colleges.

Under thils plan a student tranafera to the
Columbla School of Englineering at the ond of hils
Junlor year, that la, after three years of
liberal arts educatlon with, naturally, apeclal
emphaals on sclence and mathematlcs. Upon the
succesaful completlon of his flrst year 1n en-
glneering at Columbla he 18 granted hls artas
degree by the college of hls orlgin. Another
year of undergraduate englneering study follows,
at the end of whilch he recelves hls bachelor
of sclence degree under the sponsorship of one
of the alx major departments of the school -
chemical, eolvll, electrical, industrlal, mechan-
ical or minlng and metallurgical englneering.

It 13 also possible for a prospectlve en-
glneering student to meet the basle requlrements
of these three "pre-engineering" years in two
years by followlng a speclal program of intens-
ive study - such as that offered by Columbla
College - and, thus, recelve hils B.S. degree in
engineeting in four -years.

Columbla thus offers the undergraduate
elther a four or five year course of comblned
liberal arts and englneering educatlion wlth spe-
cial emphasls on those fundamentals which have
been so strongly emphaslzed In all astudles of
engineering education. But, due to the lnterests
and actlvitles of 1its staff and probably also to
its locatlion 1n the englneering center of the
world, the school has alsoc long been Interested
and active in researsh and graduate instructlon.
The first doctor's degree granted by Columbla
was glven under the School of Englneering in
1875 and speclal coursesa of study for master's
candldates were lnltlated before 1916.

Here agaln, in 1ts graduate offerings, the
emphasis 13 on the more advenced aspects of en-
glneering sclence. As research develops new
technigues and methods these mew findings are
organized into formal graduate offerings and
constant chenge and progress, contlnual adventur-
ing into new flelds of technical and professional
interest, thus, characterize the Columbla tradi-
tlon. (Continued on page 31)



" N rHAT you see above is a real plane inside and out . . .

except that it is made of plywood, inside and out. It is
a “mockup” in which no pilot will ever seat himself, a make-
believe that will never fly.

There is a sad analogy here to youngsters in every classroom,
seemingly equipped in every respect for “flying”, but in whom
the pilot of self-direction, ambition, vision and daring will never
take a seat, never to lift the personality above humdrum earth,
These are boys who have become unconsciously convinced by
vile circumstance that their bodies and minds are but “malke-
believes,” who through misdirection and indifference will be
consigned to the great scrapheap of life.

It is the task of all right-minded men of Education to show
these boys_they are equipped for the great adventure of life,
the expansion of the horizons of the mind, the uplift of spirit,
winging to new heights of conquest. No educator worthy of the
name will disclaim this responsibility but shoulder it to the full,
And no educator has greater opportunity to establish habits of

right thinking, of clear thinking, of strength of purpose, of high-

standards, of unfaltering ambition than the instructor in mechan-
ical drawing. Here is the study that abuts so closely on one of

Bhoto courtesy Douglas Aircraft Co.,

the most honorable careers in the world. Here he can cite as
examples and inspiration the deeds of great engineers. Here he

can appeal to the creative desire that is instinct in all. Here the

boy uses tools of precision, tools of creation, tools that link hand
and brain and reflect back into moral standards. Here is an
opportunity without equal. Shall the instructor cast it away
through carelesshess on his part, through lack of respect for his
subject or its tools? Can he say it does not matter what drawing
instruments the young student will use? The risk attending such
negligence is great. The need for such negligence does not exist.
The thoughtful instructor demands his students have the best
drawing instruments it is possible to buy.

EUGENE DIETZGEN CO.

Chicage » New York .+ San Francisco « New Orleans Los Angeles
Pittsburgh - Washington .« Philzdelphia « Milwaukee

Dealers in AN Principal Citias

EVERYTHING FOR
DRAFTING AND SURVEYING
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“WEST POINT”
UNITED STATES MILITARY ACADEMY

by
Colonel L.E.

The Academy 13 looking forward to the
viglts of the members of the Drawing Division,
4.8.E.BE., during West Polnt's part of the next
mid=winter mesting. It 1s hoped that a large
group will honor us with 1ts presence as this
meeting, which occurs during the Academy's Ses-
quicentennial Year, 1952. )

The United States Mllltary Academy traces
1ts establishment to an Aet of Congress dated
16.March 1802. It was inltlally loeated at
West Point, a key Hudson River fortress during
the Revolution, end has remsined at this loca
tion continuously. :

Two compelling reasons made the formatlion
of an Ameriean military academy at that time
both logloal and necesszary. The experlence of
the Revolutionary War, during which the Unilted
States had to rely almost entirely on forelgn
drillmesters, artillerists, englnesrs, and
cther military techniclans, and the ominous ine-
ternationsl polltlical situstlon, moved publlc
opinion to demand better-trained milltary lead-
ers. B0 1t was that Congress authorized a
military academy and’ set its strength at five
officers and ten cadets, and provided that it
should be statloned at Weat Polnt 1n the 3tate
of New York.

The original garrison site at Wesat Point,
conslsting of 1795 acres-just 50 miles north of
New York City on the. Hudson, had been occupled
by American troops since 1778. Helice barracks
and other bulldings, although inadequate, were
avallable for housing and instruction, and al-
lowed Major Jonathan Williems, the first Super-
intendent, to open the Academy on 4 July 1802
with ten cadets present.

For the first ten years of its existence,
the Academy struggled along at & very unimpress-
1ve seale. In 1812, the growing threat of war
with England compelled Congress to increase the
strength of the Corps of Cadets to 2B0, to en-
large the academie staff, and to place cadets
at the Academy under the diseclpline of published
regulations.

Followlng the War of 1812, the Academy's
educational alms were once agaln affected by
national Intereat. A young energetic nation
required canals, roads, rallroads, and exploit-
ation pf its natural resources. The develop-
ment of the West required acecurate mapping of
rivers, development of channels, construction
of 1lighthouses and beacon lilghts, In order to
facllitate communication. The natlion therefoie
turned to the Academy to develop leaders with
the requlred capabllities.

In 1817 Colonel Sylvanus Thayer, now called
the "Father of the Mllitary Academy,™ was ap-
polnted Superintendent, Colonel Thayer, upon
assuming his duties, molded the Academy on a
two-fold course. First, he expanded the
curriculum tc develop excellence of character

Schick

and excellence of knowledge, the two Integrat-
ing qualities of leadsrship. He carefully
gulded the day-to-day routine of the Academy,
constantly improving the character tralning,
discipline, currlculum content, textbooks,
teaching methods, extra-currucular actlivitlies,
and physical plent, in order to produce men '/
with of charscter, able to assume leadership.
Secondly, Colonel Thayer grasped the need of
the country for englneers; therefore he made
courses iIn e¢lvil engineering subJects the core
of the curriculum. Under his direction in=-
struction in those subjeect included "the pro=-
perties, preparations;, and use of materlals for
construction; the art of conatruection generally,
including decoratlve archltecture; the manner
of laying‘and constructing roads; the consgtruc-
tion of bridges; the prinelples regulating the
removal of obsatructlons impeding river naviga-
tion; the survey, location and construction of
canals end rallroads:; and the formatlon of
artificial and the improvement of matural har-
bors.® -

Many of the educatlonal methods now em-
ployed at the Academy are direct reaults of the
innovations made by Thayer. He constantly em-
rhasized hablts of regular -dally study, he 1laid
down the ruls that every cadet must pass every
courge=-and deficlency had to be made up wlthin
a gpeclfied time or the cadet would bs dropped.
To carry out his rigorcus standards he limlted
classroom sectiona to 14 members; he rated these
gections within each ecourse in order of merlt
and directed that cadets be transferred from
section to section as thelr averages rose.or
fell.

Teo the casual observer it might asem that
until about 1860 West Polnt waa filling the al-
most dual roles of helng m national millitary
academy and a national academy of clvll englneer-
ing. But, desplte the currlcular emphasis on
eivlil engineering and the renown of her gradu-
ates, the Academy never forgot her deepest and
most abiding obligation to the natlon-=to send
forth gradustes trained 1n the art and sclence
of war. o :

After the Civil War, changlng conditlions
necessltated a shift in the Academy’s curricu-
lum away from the emphesis on c¢ivll sngineering.
Federal asslistance in 1862 to the states for the
endowment, support and maintenance of cclleges,
with branches of learning related to agrleculture
and the mechanlecal arta, snabled American educa-
tion to expand enormously. New technlcal and
engineaering schools made 1t posalible for the
Academy to curtall 1ts strcong emphasis on en-
gineering subjlects. Even had these new schccola -
not eome Into belng, the Academy would have
found 1t lmpossible to keep on produclng ad-
equately~tralned engineers. Tremendous expan-
sion of seclentific knowlsdge during these years .
{last half of the 1Gth Century) was enforeing
gpecialization in all technical flelds. And,

{Continued on page 31)
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PERSONALITY SKETCH OF
PROFESSOR FRANCIS M. PORTER

The large number of cards and letters which
Professor Francls Marion Porter received follow-
ing the meeting of the Drawing Divislon at East
Lansing, Michigan last June attest the feeling
of closze friendship and the high regard in
which he is held by members of the Drawing Divi-
ailon.

Following hls retirement from active teach-
ing, as Professor Emeritus in 1948, 11l health
has 1limlted FProfessor Porter's physlcal actlv-
ity. His mental activity and in particular his
love for descriptive geometry continue unabated.
To visiting collengues he often presents new
snd iInteresting sclutions to difficult and novel
descriptive geometry problems. Members of the
drawing dlvision have long recognized him as
one of the leading authoritles in this fleld.

Born on a farm near Tarlton, Ohioc, February
14, 1881, Professor Porter got his education the
hard way, walklng four miles to and from high
gcnool each day, plus a few chores on the farm
te round out the day. He worked his way through
Ohio Unlversity by various jobs, cne of which
wag agslatant in Physics and Engineering Draw-
ing. He recelved the degree of B.3. in E.E.
in 1907.

His sarly habits of thorough palnstaking
work are still one of his great aaseta. He he-
gan hia teaching caresr as an Asslatant In the
Department of General Engineering Drawing in
1907 and rose through the varlous academlc
ranks to full professorship., Whlle carrying a
full teachlng load he earnsd his M.3. degres
at the University of Illineis in 1911.

Professcr Porter also found time for
scholarly production. His text on Descripitlve
Geometry prepared in collaboration with Profes-
por E.H. Jordan haa long stood ss one of the
mosat thorough works 1n 1ts fleld, covering as
1t does, both the classical Mongean and the
auxiliary plane method. In this text as in hls
teaching Profeasor Porter strove always for
rigorous analytlcel thinking.

In collaboration with Professor James T.
Lendrum he prepared a text on Architectural
Projectiong far the benefit of architectural
students interested primarily in ths applica-
tion of Degcriptlve Geometry to thelr speclal
field.

{Continued on page i12)
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{Continued from page 11)

Although he carried the full responsibility
of preparing the course msterial and thousands
of problems In descriptive geometry for the
department during most of his actlive carveer he
always had time to help and encourage the slow-
er students and to inspire and challenge the
brilliant onea to thelr best efforts. His sin-
cere Interesat in, and his friendliness toward
hils students are paying him fine dlvidenda in
letters end frequent visits from these former
student s.

Beslde his academlc work Professor Porter
has always taken an active Interest in Civie
Affalrs, being a member of the Board of Health
of Urbana for a number of years and a member of
the Sehocl Board for three years. Since 1917
he has been a Director of a local Bullding and
Loan Assoclatlon and 1s sti1ll active 1n thils
work. He was alsc a member of the Urbana As-
Soelatlion of Commerce. He 13 a meamber of the
Acacla Fraternity and Past Master of the Urbana
Masonle Lodge. In all of these organizations
he took a very actlve part.

He 1s a charter member of the Drawing Divi-
glon of A.8.E.E. and contrlbuted much to the
success of thls organizatlion, being on 1its
Executlve Committee for five years. For three
years he was Advertising Manager of the Journal
of Enginsering Drawing during 1ts early and
formatlve period, and editvr of tle T-sgaare

page shortly after this feature was introduced
in the "Journal of Engineering Education".

He served as chairman of the commlttee on
nomenclature In descriptlve geometry which,after
a most thorough study,presented a report which
wasg accepted at the 1946 Summer School of the
Drawing Division. He also complled an sxtensive
bibllography of Drawing and Descriptive Geometry
texts which was published as a pemphlet and la-
ter with addltlopel materisl as an appendix in
the text Teaching of Mechanieal Drawlng by his
colleague Professor R.P. Hoelscher.

Shortly after beglnning his work at the
University of Illinols, Professor Porter mar-
rled his ccllege swoetheart, EKathryn Jordan on
September 10, 1908. Their four asons, David,
John, Charles and Panlel are all married and
are enjoylng successful careers.

There are nlne grandehlldren and merry
tlmes occcur when the young folks gather in the
apaclous family home for reunlons.

All of the members of the Drawing Division
who ¥mow him sincerely regret that his health no
longer permits Professor Porter to attend our

seaslons where he contributed so much profes-

-8lonally and in fine friemdship, good humor and

good will,

FROM THE PRESIDENT’S DESK

C.E. Springer, Chalrman
Drawing Division A.S3.E.E.

Those who attended the Summer School for
drawing teachers at Lansing last summer cams
away wlth a renewed enthusiasm for improving
thelr teaching methods. The valuss of good
teaching were thoroughly demonstrated and mny
helpful suggestlons were glven.

We all recognize that drawing and descrip-

tlve geometry are the subjects that we must
teach and that nothing must be allowed to min-
Imize thelr Importance. However,our poailtion

as the flrst englneering teachers that our
students meet seems to carry with 1t the res-
ponsibl lity of beginning thelr education in

the 1deals, alms, and ethilcs of engineering to-
gother with such necessary accomplishments aa
speaking,writing, and thinking clearly. Un-
doubtedly, we.all have thess alms in mind as we
conduct our classes, but the mere act of writing
them down may clarify our thoughts and confimm
our Intentions. Anything that we can do in this
line can only be a beglrming that must be car-
rled on by thelr other enginsering lnastructors..

Most people agree that englneers are fre-
quently deficlent in the abllity to speak and
wrlte clearly. Many institutions have attempted
to correct this by adding one or more courses
in English and Public Speaking, but 1t 1s very
doubtful 1f complete success can be obtalined
by this method unless each and svsery enginser-
Ing ecourse requires the use of these acecomplliagh-
ments to motivate thelr specializsd courses.

By reason of their place in the curriculum
and thelr course content,drawing and descriptive
geometry provide 1deal opportunltles to bagin
this motivatlion. - While the comprehensive sxam-
ination with 1ts multiple cholce, trie and
false, and matehing questions snd other similar
tests are very important and nacessary, would
1t not be possible to require each student to

wrlte one short article and make one oral pre-

sentation before the class each Semester with-
out serlous loss of time? Most of us by careful
study and preparatlon eould save the necessary
time from our own discussion.

Clear thinking, logleal reascning, neatness
and efficlency, personal and professional In-
tegrity and meny other things should be by-
produets of our teaching without detracting from
our teaching of subject matter. I know of no
other profession that enjoys the confldence of
the publie to such an extent as the enginesring
profession. Does anyone heaitate to enter a
bullding or cresa a bridge for fear 1t will
fall down? Who would doubt the abllity of his
automoblle to complete a long trip or would
even think that turning a switch might not cause
the room to be lighted or the radio to produce
singing commercials? Then should not every
englnesring instructor be instilling prids in
the profession and a sense of responalbility to
the publie in each young student® Let us, as
drawlng teachers, set an example that other’
instructoras may follow.
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THE TRAINTNG AND EARLY EXPERIENCES OF THE
ENGINEERING DRAWING TEACHER

Prof. J.S8.°

Blackman

Unilversity of Nebraska

The specific tltle asslgned for the dla-
cuaslon this morning 13 "The Tralning and early
experlences of the Englneering Drawlng Teacher"
Someone has sald a title 1s llke a gate--1t
has two usea. You can elther swing on 1t, or
open 1t and pasas through. I propose to awlng
on this title for a moment and then pass cn
through .

The thoughts I bring to you are nelther
new nor original, as you wlll see, but 1t 1as
my hope thate wnat I say may stimulate some of
you to a greater awareness of the lmmense op-
portunlty for Ilmproving the technleal and per=-
acnal tone of our englneering graduastea through
the medlum cf the redqulred basle drawlng courses
taught 1n most englneerling schoola at the
freshmen and sophomore lsvels.

Englmnsering drawing 1s but one of a great
many englneering subjects that the student
must master to graduate. The hasle drawlng
.coursges required of undergraduate englnesers
deldom are more than four to alx per cent of
the total course work required for graduatlion.
Wlthout consldering whether the usual amount
of drawing requlred 1s too great or too 1llttle,
1t must be stated that the succesa of our en-
glneering drawing courses 1s measured 1n the
1light of thelr contributlon tc the filnlshed
produc t--our graduate englneers. The degree to
whilch we succeed In contributing a full measure
of competence and enthuslasm to the students
13 directly related to the competence and en=-
thuslasm we bring tc our teachlng. The cam=~
petence and enthuslasm of the teacher are 1n
turn Al rectly related to hls tralning end ex-
perlance. DBy experlence I do ndt mean juat
practlcal experlence--I mean the sum total of
all the personal experlencesa of the man. The
responslibilitles accepted gnd carrisd out, each
new personal 1ty met end won, each .contract made
and kept 1nevitably and vltally affects our
think ing, our Judgment, our attltudes and
therefore cur 1nfluence as teachers.

With thils aspect in mind I wlll dare to
atate a set of oblectives for an englneering
currleculum.

Te lead the student to percelve the char-
acter and qualltles of englnesring as a
professlon; 1ts arduoua nature and 1ts
varled flelda of applleatlon; 1lts elvie
and sthical lmpllcatlons; the necesslty
for a thorough conception of 1ts fund-
amentalg--Engl 1sh, the sclences, mathemat-
1cs end drawlng; the Joy of competent
gervice.

Te equlp the student wlth the technlcal
tralning that wlll enabls him to functlon
intelllgently 1in hls chosen fleld of en-
glneering. '

To counsel the student to the end that

hls perapectlve wlll be breoadened, and hls
professlonal preparation wlll be pursued
wlth understanding and enthuslasm.

To glve him prilde 1mn hls profeasslon, 1lta
accompllshments, and 1ts further potentlal
gervlice to mankind.

There 18 a magnificent opportunlty 1ln the
basle englnesring drawing courses to inculcate
1n the beglnning student those fundamental con-
cepts of englneering common to all speclal
flelds. Accuracy, loglcal thought, method, and
neatness are all as fundemental to the broader
flelds of englneering endeavor as they are to
engineering drawlng. Thlas 1s true becauyse en-
glneering drawing kmows no speclal f1ald, 1t
ecuta horlzontally across all fields of englneer-
ing. It 1s the language 1n which all engineer-
ing problemsa are stated, and in whlch thelr
solutions are exzpressed. It follows then that
the englneering drawlng teacher 1a not neces-
sarily the product of any one speclallzed cur-
riculum, in fact, within a glven drawing de-
partment 1t 1s deslirable to have men tralned 1n
a varlety cof the flelds of englneering endeavor.
Co-operatlion toward the jolnt obJectlve 1n
such a group 1s bound to result In greater
growth of the i1ndividual teachers.

The undergraduate tralning of the englneer-
Ing drawing teachsr conslsta usually of the
undergraduate courses required in his fleld of
speclallzation for the bachelors degree. Thils
preparation ls necessary but not enough 1f he
expects to continue to teach even the baslc
drawlng courses. Puarther courses ln advanced
descrlptlve geometry, projectlve geometry,
nomo graphy, graphlc statles, etc. may be taken
at the graduate level to broaden hls prepara-
tlon for the teachlng of engineering drawlng.

The major polnt 1n sketchlng the background
of tralning for teachlng enginsering drawing
1s that the teacher remaln a student-~after
graduation. New problems, new polnts of view
and new developments must be incerporated lnto
the drawlng courses 1f. they are to keep pace
wlth englneerlng progregss.

Practlcal experlence 1n enginsering whlille
not an absolute prerequlslte to the teachlng of
drawlng can be a strong tool for superlor teach-
ing. Drafting room experlence 13 especlally
helpful In the teachlng of technlique and speed.
Experience 1n any phase of englneering work
lends authorlty to the teachers lnstructlon,
and diverslty to the englneering appllcatlons
used as student problems.

An experlence that may come early 1n the
caresr of the teacher of englneering drawlng,
. {Continued on page 15)
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{(Oontinued from page 13)

13 his first contact wlth another drawing teach-
er (or perhaps a department head) who believes
the teaching of drawing 1s a sort of %boot
training® for bilgger and better thlngs, that
teaching drawing 1s a stepping ztone to the
more advanced or the more meaty courses. The
attitude of auch a critle 1s an exhibition of
his ignorance. Such comments however, may have
a devastating effect on the morale and self-
confidence of the young drawlng teacher. .The
subject which he previously conaldered as fund-
amental and necessary 13 rselegated by the eritilc
to the lower fringes of lmportance. If such an
attitude 13 allowed to spreasd, the drawlng
inatruction will suffer seriocusly. No man how-
over well gqualified will teach a subJect well
1f he does not sincerely bellieve in its imw
portance to the students he 1s teaching, and to
the curriculum of which it 1s a part. The beat
answer Lo such a criticiam 1s that the critle
ta not aware of the opportunities inherent In
engineering drawling courses for bullding the
80l11d foundation of fundamental knowledge that
1s the only real support for later apeclallza-
tion. In this same, veln not all of us who
teach the engineering drawing courses are blame-
less. We are often gullty by emlssion, of not
matching or at least not encouraging the en-
thusiasm of our younger teachers of drawlng.

An apathetlc mttitude toward the Iimportance of
the drawing courses to the curriculum can do
‘no one good, student or teacher.

The statement 1s frequently made that the
studenta are not held to a high quality of
drafting aefter they leave the courses In draw-
ing, Thia in 1itself 1a a reflectlon on the
drawing courses, for 1f the students mre well
taught, they wlll on the average derive enough
satisfactlion from a well done plece of work to
continue the quality of work required of them
throughout the drawing courses.

Students in englneering drawing mey be
roughly divided into two classes.

1. Those who have little interest beyond
the fulfilllment of the requlirement for gradua-
tion. : ‘

2. Those who make the most of an oppor-
tunity to develop new skilla and knowledge as-
goclated with graphicel representation.

For the most part our potential englneering
drewing teachers come from the second group.

We temchers of drewing have glven a mimor
gmount of attention to our suceessors, whereas
we should be encouraging some of our better
students to prepare themselves for a calling
that has for 1ts return many remunerations

that cannot be memsursd by the salary pald.
Many engineering drawing teachers have more or
less drifted into thelr positions, with no
consclous effort to achleve a certaln objectlive.
This eondition 1s, of course, not confined to
the teaching of drawing, for 1t 1a present in
many other snglneering subjeeta. If we are %o
encourage our students to prepare themselves for
teaching, we should then try to write a speci-
fication for the sort of Indlividurl who 1s
1likely to be successaful teachsr. ’

At the risk of falling far short of the
mark I list these deslrable qualitles of an en-
ginsering drawing teacher.

1. A constant enthusiesam for hls subject.

2. A siucere bellef In 1ts fundamental
contritution to engineering competence.

3. A thorough grounding in the fundamental
theory.

4. Facility a3 a draftsman.

5. A firm grasp of the applicatlions of
graphicas to several flelds of englneering.

6. An ablding desire to help hias students
to learn. :

7. An abllity to put forth sustalned ef-
fort.

- We aa drawing teachers willl do well to en-
couragze those students who possess, or have the
potentlal capaclty to possess, the proper per-
sonal qualities for teaching to take msslatant-
ships in the drawing coursea along wlth graduate
work ss a mean3 of training them for respons-
ible temching. Students who are so Inclined
gre then brought under the direct Influence of
experlenced teachers of drawing at a time when
graduate work can be directed toward lncreased
training in graphles.

By no means the least valuable of the spe-
elfication 1tems for a drawing teacher are those
itema referring to the personal qualities of the
man. Enthusiesm for the subject on the part of
the temchier 1s infectious. The students catch
the spark and are enthusimstiec In splte of them-
selves. Insincerity in the presentation of sub-
ject matter takes ths form of droning lectures
taken entirely from the text. Students im-
mediately note such an sttitude, and apathy to-
ward the course work lmmediately sets In. An
ebiding desire to help the students to learm, '
not Just the subject at hand but other and re-
lated things as well, 1s the surest way to de-
velop & warm response to the teachers efforts.

The effect of these pérsonal quellitles of
the teacher has 1ts besat and greaetest 1lmpact on
the student in a course where the student-teacher
relation 1a the most Intimate, that 1s, 1n the
laboratory or semlnar type of course. In the
more formal type of lecture course thls Intimate
reletion 13 lost. It would seem then ms the
instructor mekes the rounds of the desksa in the
drawing laboratory, to correct, demonstrate,and
encourage, that along with the actual represent-
ation of the structure or machine, there could
be discussed the reasons for so representing 1t,
the materials of which it is made, the function
of the part with relatlon to the other elements
and the operations that might be involved in
the productlion of such elements. Too strlict ad-
herence to the exact toplcal outline of the ’
course begets an mttitude on the part of the stu-
dent that when he has cémpleted the course he
is through; that he has learned all he needs to

{Continued on page 17)
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EFFECTIVE TRAINING IN GRAPHICS
FOR INDUSTRY

Martin J.

Bergen

E. I. dqu.Pont de Nemours & Company, Inc.

Wilmington, Delawars

FOREWOHD

For many years 1t has been my privilege, as
well as my reaponslibllity, to have talked with
many young englneering school graduates, as
they sought work after graduatlon. 1In several
hundred cases, I was Instrumental in assisting
In either employlng them or helping them find
employment. During sll thls time one particuler
fact has stuck out, the fact thaet none of these
young men like.to conslder a career on the
drafting board. In fact, 1t lsn't until after
a great deal of dlscusslon and 1nvestigation,
on thelr part, that these men find that they
really do want to start on the drafting board
In the chemlcal Industry, at leaat. The reac-
tlong shown by these young men caused us to
make a goneral study of the attltudes of young
engineering graduates toward drafting and de-
slgn. This study led to an attempt to define
effective tralning for drafting and design.

In getting the facts, we nasked these young
men meny queations. We found that thelr eon-
cepts of what constltuted drafting and deslgn
were greatly at variance wlth the actual facts,
in the Process Industries. I surmlse that the
asme dlfference between concept and fact, exliats
in the minds of young technical graduates, con-
cerming the Mechanleal Industrlies. We found
that most of these young men thought of the
drawilng board as sn Instrument of torture--that
they banged a hole in the mlddle of the board
wlth thelr head, then carefully inserted thelr
head 1n the hole, and mentally carrled the
board around as a punlshment object or badge of
servitude.

We found that the criterlion used by these
young men to determine what constltuted effec-
tlve englneering work, reslided 1n the work be-
Ing of a computetional or calculating nature,
and that, to them, thla kind of work constituted
"thinking®". It di1d not take long for us to
realize that we, 1n Industry, were not making
clear to these young men, or to the educators,
what drafting end design actually are.

DEFINITION OF DRAFTING AND DESIGN

I wlsh teo submlt to you our definltlon of
drafting and deslgn 1n the Process Industries.

A, Deslgn has two meanings:

1. The solutlon of one or a number of
energy problems.

2. The fashioning, patterning, or ex-
scuting according to a plan or a
dellineatlon, 1in which flgurs, sym-
metry, atructure, beauty, or util-
1ty are 1nvolved.

Referring to these deflnitlons of design--
young men seem to be of the opiInlon that these
constltute the entire scope of "real" design
engineering. However, there are many solutions
to many engineering problems that can be ob-
tained by graphlical menas, so that we find the
drafting beard e deslgn Instrument, as well as
a contrivance for communication.

Therefore, I submlt the followlng defini-
tlon of drafting:

B. ‘Drafting 1s the conversion of design
Into the unlversal graphlcal language of in-
dustry, sc that the design declslons can be
clearly Interpreted and the plece, atructure,
equlpment, process or assembly can be fabricat-
ed, assembled, or erected.

DRAFTING AS A LANGUAGE

At thils polnt, 1t might be profitable to
examine the drafting bocard as a contrivance to
faclllitate communlcation.

I brought out the fact that Arafting 1s a
language--the unlversal graphical language of
Industry and englnesering, and 1t 1s not too
much to say that a young engineer 1s not look~
ing clearly at hla career, 1f he does not pos-
gesaa a good worklng lmowledge of thils langusge.
Even more Important, this universal graphical
larguage la the medlum by which the englneer
translates his declslon, aso that the Marth
vortlion of englnesring may be Implemented by
the use of the practlices and skills of in-
numerable crafts, trades, and callings.
Wilthout this langusge, the englneer cannot
use -the skllls of the craftsman, and wilthout
the englneer, the craftsman 1s lost In his at-
tempt to Improve dealgn.

S8ince we deflne drafting as thls universal
language, let us explore the methods whereby
this language 1s taught and learned. We find
the alphabet and the rudlments of thls language
taught In elementary mechanieal drawlng. We
find the basic grammar of this language in
courges In descriptive geometry. We filnd a few
elementary storles wrltten In this graphleal
language, 1n the few courses 1ln machine, and
other types of deslgn that the student might
take.

Now, 1t 1a becomlng Increasingly obvlous
that the student or recent graduaste 13 not well
enough tralned In the use of thls language to
enable him to use 1t with authority, when deal-
Ing with men who are masteras of varlous mechan-
leal or industrlal erafts, nor does he have the
lingual abllity to produce the graphileal prose
of engineering or the graphlecal poetry of arch-
1tecture. (Continued on page 19)
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to know of the subjlect. If on the .other hand
the diversificatlon of sclution, ,of possible
materlals, of productlon processes, has been
dilscussed, he 1la aware that there 1s nearly
always a cholice 1n the solutlon of a problem
and that Judgement la requlred to select the
best posslble of several ways of arriving at
the final solution of any problem. The time
and work, and 1t 1s hard work, that 1ls expended
during the sarly months of any drawlng coursas
on developing Interest end inguiring minds In
the class pays vgét dlvldends In the case wlth
which the later “toplcs are absorbed, and 1n

the satisfactlon to the teacher when he contem-
plates the quallty of the flnal work done by
the class.  Divlidends a0 reaped 1n any alngle
course are campounded 1n later gourses and
spread laterally to cther subject not directly
connected wlith engineering drawing. The final
result 18 a filnlshed product, the englneering
graduate, who la able, intelligent, and wllling
to compete for hls place 1n soclety. In many
caded the splral was started early 1n the stu-
dents college careecr by a teacher of engineer-
Ing drawing who was willing to go the second
mile with his students In order te orlent and
Inform them beyond and abcve thie routlne re-
gqulrement of the topleal outline of the courss.

For the reasons cutlined ahbove 1t appears
that the best tralned and most experlenced
" Instructors of englneerling drawing should be aa-
signed to the entering freshmen classes. Flrst
vear englneering students are often confused by
the drastic change from high schocl or prepar-
atory achool envircrment to that of a univeralty
or technlcal scheool. The increased difficulty
of ¢lasa preparatlon, and the concentration of
courses In the pure aclencea often makes them
wonder 1f they have made a right desclslon in
cheoosing englneering for thelr 1life work. The
Influence of a course 1n englneering drawing
under an inspirlng teacher does much at thils
critical time to keep such students Interested
and enthuslaatic untll they are prepared to
partlcipate in a larger number of more speciflec-
ally englneering courses. 1In effect then en-
gineering drawlng 19 one of the flrst truly
englneering coursea that the atudents come in
contaet with. Flrat lmpresslons are often very
lasting, and it thus becomes Important that the
first experlence be an accurate one. Most of us
have had the experlence of teaching second or
later semeater studenta who have been subjected
to Inept or Ilndlfferent teaching in thelr firat
seme ster of englneering drawing. Such a student
13 Infinltely more dlfflcult to interest and

to teach than he who was well taught In his
first experlence wlth drawlng. In the average
case glven competent and enthusiastic Inatruc-
tion iIn hls flrst courss in engineering draw-
ing, the atudent will make hls own way in sub-
sequent courses.

There are several polnts that I would re-
emphaslze, lest they become obscured 1n the
wordiness of dlscusslon,

1. Englneering drewing ls one of many sub-
Jects that the student must master. If ls ef-
fectlve to the extent that 1t contributes lts
full, and greater, share to the tralnlng of the
competent englneering graduate.

2. Bnglneering drawlng courses provlde a
magnlficent opporturlty to lnculcate 1n the
student the fundamental concepts of englneer-
ing--accuracy, direct snd loglecal thinking.
neatneas. In these courses the astudents are ex-
posed for the firat tlme to the use of Indus-
trlal materlals and the representatlion of atruc-
tures and machinea.

3. Undergraduate tralnlng 13 a necessary
tralnlng for teaching englneering drawlng but
1t 1s not enough. Further courses 1In graphlcas
and partlcularly the appllcatlona of graphics
to englneering are dealrable.

4. Good teaching cof englneerlng drawlng
requires an enthuslaasm for the subjJect, a
thorough knowledge of the theory of projectlon,
slnocerlty of presentatlion, an experlence tech-
nique 1n drafting, a firm grasp of the appllca-
tlons of graphics to several englneering flelds
and perhaps most Important of all an ablding

"deslre to help the studenta to learn.

5. A3 a means of develeoplng stronger and
more self-reliant students, the first semester-
drawing courses should be taught by experienced
teachers. I once read a couplet that seems to
me to characterige drawlng and certalnly drawlng
teachers. TYou will recognize the quality of
which I have been spseaklng.

Let us all be artlats, every one
For after all is gald and dons
An artlst 1s purely and simply he

Who does things better then they need to
be.

PROCEEDINGS OF THE ENGINEERING
DRAWING DIVISION
1846 SUMMER SCHOOL

The stock of thlas 639 page bcocok In the
hands of the publisher 13 now almost exhausted.
It wlll, of course, not be reprinted. En-
glneering Schoocl and Teachers College llbraries
ghould order at once. Drawing Departments wculd
be wlse to have extra coples alnce 1t wlll
shortly be 1lmposslble to replace lcat or stolen
coples.

The materlal in this volume ls as wvalld to-
day as 1t was when lasued. It contalns the
opinlons of many Industrlal leaders on the value
of engineerlng drawing in the currlculum, a

pertinent ltem In these days of pressure to re-
duce coufses. The hlstory of Graphlcs by Pro-
fessor Hlghbee in 1t=elf, 13 worth the price of
the book.

The excellent and authorltatlve treatment
of toplcs such as teachlng methods,use of vlsuel
alds, preparatlon and use of examlnations,equip-
ment of college drafting rooms and others are
not 11kely to be agaln sssembled in one volume.
To be sure of your copy order now from the pub-

lisher, MeGraw-H11l Boolk Gompany, 330 West 42nd _i'

3treet, Wew York, New York.
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He muat learn to wrlte this language and become
1ts master. He would not be expected to be a
master of ‘the Bngllsh language upon auch short
acqualntance, wlth only a study of the alpha-
bet and the bare bones of grammar. (As a mat-
ter of fact, I have heard several Industrlallsts
cry out bitterly because of the lack of "re-
port writing" experlence and ablllty on the

part of our engineering graduates.)

It hag been sald that the only way that a
writer 1s madé 1s by having him "write®™, and I
know of no other way to become proflclent.
in the language of draftlng than to .practlce
drafting.

Let ua tﬁke up another angle c¢concerning
this langusage. Drafting 1s the medlum of com~
minteation of englnsering declslon to foremen,
inapectora machine operatcrs, mechanlca--the
craftsmen who are the backbene of Industry. In
the . acqulring of thelr trade, these men have

had to learn blueprint reading and are usually

very proflclent 1ln reading these englneering
Inatructlons and declslon. Therefore, drafting
1s the method by which the engineer communlcates
wlith Amerlcan 1ndustry and Amerlcan construetlcn.
If the young engineer falls to become profilclent
In thls method ¢f communication, he has cut
himself off from the potentlael dlrsction of msn
In fndustry and conatructlon. As a conseguence,
he places severe llmitatlons on hls OWN pro-
gress.

DESTGN AS A LANGUAGE

Let ua examlne the deflnltlon of design. If
we think of deslgn a= the sclutlon of one or a
number of energy problems, we are confronted
with the fect that we are uslng ancther lanuage
of enginsering--a powerful but not a universal
Industrlael lanpguage--lnstead, a mathematlcal
lenguage. There are many men, ycung and cld,
in the englnesring profession, whose ego 1s 1n-
flated because of the fact that they have to use
calculus to golve difflcult englneering prob-
lems. However, such solutlons have been arrlved
at by the englneer using the unlque, mathematlc-
al, analytlcal language of engineering,--snd
thls language 13 not understood by the artisanl
If the englmneer considers his work completed at
thls stage, he 1s making s very serlous mla-
take. If the englneer feels that 1t 1s beneath
hls dignlty to trenslate hls analytleal effortas,
gsolutions, and declsicna Into the univeraal
graphlcal language he 13 zgaln making a serlcus
mlateke, because he 13 agalin cutting himself off
from the communication wlth, and the dlrection
of large units of American 1ndustry, and the

workmen 1n theae unlts.

DESIGN ENGINEERING AND TEE DESIGN ENGINEER

It 1s now clear that the competent design
englneer must have a mastery of both the graph-
ical and the analytical languages,lf he 1s to
be able te do a complete job. Meny young and
gome older englneers, do not reelize how much
Importance 1lndustry plsces on thilas total pro-
flciency.

T neve found that the followlng analogy isa
falrly effsctlive in polnting out to these men

the industrlal 1mport&nca of proficiency in
both drafting and deslgn.

Let us suppose that, 1ln the process of
hiring men, I have been asked to hire a man who
both wrote and understood Chlnese. Now let uas
suppose that smong the next few men that I asee,
the flrst one comss 1n knows how to wrilte
Chlnese but does not understand 1t, whlle the
second one intervlewed understands Chlnese, but
does not know how to wrlte 1t. It would be
necessary to hlre two men and ecoordinate thelr
efforts, 1n order to do the work that origin-
ally one man was requlsltioned for.

Now let us auppose that a thlrd man ccmes
along whe knows how te wrlte Chlnese and under-
stands 1t. The potentlal saving of the effort
of cne man, and the dlsappearance of the neces-
sity for coordinatlcn are Important factors, so
I think that 1t la obvicus that the thlrd man
would get the job.

If we complicate the sltuatlon one step
further, and say that the person hired also had
to he able tc understand and wrlte another lan-
guage, and then tranglate thla language 1nto
wrltten Chlnese, .then we would have 1n thils
1lilttle story the ccmplete analogue to desalgn
englneering.

Any man who knbws how to use the analytlce-
al, mathematlcal language of deaign, and who
underatands, and l1s able to translate thls 1nto
the unlversal graphlcal language of industry,ls
a true deslgn englneer, for by the use of these
languages he multiplles hla abllltlea and de-
clslons, thereby helplng to supply human needs
in the form of atructures, machlnea, manufac-
tured products, etec., THROUGH the efforts of all
men In Industry snd cconatructlon.

THE TEACHIRG OF DBAFTING AKD DESIGN

In thls paper, I have attempted to define
some baslc 1deas concerning the TWO languagss on
which englneering and pure and supplled sclsnce
rest. BSlnce language 13 a mode of commmunlca-
tlon, and since the problem of communlecatlion in
Industry 1s one of the gravest facing all hands,
1t 18 very lmportant to have the englnsering
graduate understand the kind of langusge he 1a
trying to learm. It also l1s lmportant that the
teachera of fundamental drafting, descriptlve
geometry, and of deslgn realize that they ars
lanpguage teachers, teachlng a graphlecal languagse
in which the industrial progress of the Unlted
Stetes has been wrltten. 1In additlon, teachers
of other engineering subjects muat reallze that
they are teaching a second language, the math-
ematical, analytical language of englneering.
These teachers should realize thet this analyt-
lcal language cen reach lta fullest and truest
stature only by belng integrated with the graph-
lcal langnage, because the great mass of American
workmen do not understand the analytical lan-
guage. Therefore, there should be no quarrel
between the two languages, because they are
complementary to each, other.

There should be no tendency for the teacher
of any analytical subfect to look down hls nose,

(Continued on page 33)



TEXTBOOKS - CHARTS - GUIDES
ENGINEERING GRAPHICS

By Jonn T, RurEand EarLE F.WaTTs, Massachusetts Institute of Technology.
298 pages, $3.75 '

Designed as a basic course in Engineering Graphics, this book
attempts to bring together and coordinate graphical processes of
value to the engineer. Its aim is to survey the field in a manner that
will point up for the student the power of graphical methods and
give him the “graphical state of mind” so that he will weigh the
value of a graphical solution against those of an algebraic solution
in any problem he may meet. The book is basically fundamental
theory supplemented by illuminating practical applications.

ENGINEERING GRAPHICS WORKBOOK

By Jouw T. RULE and EARLE F. WATTS. 296 pages, $3.00
This workbook provides a wealth of problems and worksheets for
use in conjunction with the text. It is closely integrated with the
textual material and offers, through practical application, an ex-
tended clarification of the principles studied.

GRAPHIC AIDS IN ENGINEERING COMPUTATION

By RANDOLPH P. HOELSCHER and 8. H. PiRCE, University of Illinois, and
J. NorRMAN ARNOLD, Purdue University. In press

This text is designed for courses covering the principles and methods
of the slide rule and the construction of alignment charts. It covers
a number of graphical and mechanical methods of computation not
heretofore assembled in one text. It includes chapters on the standard
slide rules, the derivation of empirical equations from laboratory or
field data, the construction of nomographs by geometric methods
and with determinants, the construction of special slide rules, the
solutions of problems by graphical differentiation and integration,
and advanced work on movable scale charts.

INDUSTRIAL PRODUCTION ILLUSTRATION

By RANDOLPH PHILIP HOELSCHER and CLIFFORD HARRY SPRINGER, University
of Illinois, and RiCHARD F. PoHLE, ASF Maintenance Division, Washing-
ton, D. C. Second edition. 243 pages, $5.75

This book covers the entire range of pictorial drawing, from both
the theoretical and practical points of view, for those who wish to
do production illustration in the aircraft, shipbuilding, ordnance,
automotive, or other industrial fields. The three forms of pictorial
representation are clearly covered, with the sound basis of theory;
methods of laying out and shading sketches; and practice material,
needed in acquiring proficiency both in exact mechanical construc-
tion and in the more rapid freehand method. -
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By THomaS E. FRENCH. Revised by CHARLES J. ViErck and Associates of the
Department of Engineering, The Ohio State University. 694 pages, $4.50

An established leader in the field of engineering drawing texts for
students in colleges and technical schools and a valuable reference in
the engineer’s library. It presents the penmanship of orthography.
With emphasis in recent years on pictorial drawing, the seventh
edition includes new and expanded material in the areas of illustra-
tion, perspective, and dimensioning. Over a million copies of this
famous encyclopedia of engineering drawing are now in print.

PROBLEMS IN ENGINEERING DRAWING HI

By A. S. Levens and A. E. EpstroM, University of California. 78 sheets, $4.00
A complete revision of this set of engineering drawing problems
keyed to French’s Engineering Drawing, Tth ed, with a greatly
strengthened treatment of the important subject of dimensioning.
The 8%x11 pages have the inner edges scored for easy removal
and 3 holes for insertion in students’ ringbound notebooks.

ENGINEERING DRAWING SHEETS —Series F
_ By THoMas E. FRExcH and H. M. McCuLLY. $4.25

Compels student interest by careful arrangement of lesson sequence,
increased attention to reading drawings and-technical sketching,
time-saving layouts of problems in projections, etc. The material is
covered in much the same order as that in French’s Engineering
Drawing. Large 17x11 pages permit clear drawings and ample
workspace. The sheets are of extra heavy stock to withstand wear
and they can be casily removed.

ENGINEERING DRAWING PROBLEMS

By CHartks D. Cooper, CHARLES J. VIERCK and PauL E. MACHOVINA,
The Ohio State University. Series L. $3.75

Practical, direct, and thorough, the authors present a series of prob-
lems in the most logical and usable order for first-year classes in
engineering drawing. Arranged for and correlated with French’s
Engineering Drawing, the workbook offers many time-saving features
and a flexibility in its broad content. The first work on writing and
reading the language of orthographic is done frechand. This saves
time and eliminates the complication of working with instruments
while the student is studying orthographic projection. Time is also
saved by presenting the use of instruments and applied geometry
along with orthographic instrument drawing,

COMPANY, INC. 330 West 42nd Street, New York 18, N. Y.






JOURNAL OF ENGINEERING DRAWING - 23

SURFACE FINISH

Roy P. Trowbrldge

GEKERAL MOTORS ENGINEERING STANDAEDS SECTION

While the draftaman or desligner ls inter-
ested primarily 1n rendering an accurate, read-
able drawlng of an obJect that he desires to
have eonatructed, 1t 1s highly deslrable that
he have knowledge of the appllcatlon of the ob-
ject and how the object must be made. The aub-
- ject of this paper 13, of course, the rendering
of aurface Tlnish deslgnatlon on drawings. How-
ever, to fully understand the subject cof sur-
face flnlsh deslgnatlon, one should know wher
and how surface finish ls of lmportance, how
surface finish may be measured and how varylng
degrees of surface finlsh may be produced. A
good schoollng in these polnts can overcome
much of the hesiltancy on the part of the de-
algner and draftsman that 1a felt when 1t comes
right down to applying surface flnlish symbols
to the drawlng.

In years past there have been many methods
of designating surface quallty. A favorlte
aymbel was the "f" mark placed on the llne or
wliness line deplcting the surface to be fin-
lshed. Oertailn organization improved on the "f"
merk by speclfylng "f' sub 1", "f' sub 3" etec.
for varying degrees of smoothness. The slg-

. nificance of the subscript was usually tled 1n
with machined speclmens to whlch the draftaman
and the machinlst had access for comparlson pur-
poaes., Other methods of céntrollling the sur-
face roughness Included the use of the "G" aym-~
bol or s note 1ndlcatling exactly what process-
1ng method was to be used on the surface in
question.

After designatlon on the drawlng that a
refined surface was deslred, the mctual pro-
duction of such a surface was up to the process-
ing shop wlth which, In the past, the deslgner
and drafteman had much closer contact than
exiats today. A akllled machlnlat on vlewlng
the requirement for a refinsd surface finlsh
would produce the requlred finlsh to the best
of his abllity so that 1t would compare wilth
the samples on which the surface finlsh deslg-
nations were based. Very often no ssmples
existed and the filnal finlish was left to the
dlscretlon of the machlne shop foreman or even
the machinist himself. In any one shop a falr
degres of reproducibllity could be expected
depending on the nature of the controla. How-
ever, 1t 1s not hard to aee that there could
be llttle or no correlation between two dlffer-
ent shops and none at all where the design
agency and the processing shop were completely
separate.

o . The use of the ®f" symbol gave way to the
60~ V symbol and wlith the advent of adequate
definitions for roughness, a number apecifylng
the roughness in micro-inches was added to the
aymbol. The signiflcant step In the deslgnation
of surface roughness in mleroinches was the de=
velopment of lnstrumentatlon capable of measur-
Ing these mlnute values. Instrumentatlon will
be covered later In the paper.

‘neld.

Deslgnatlon of surface roughness today la
based on the Amerlican Standard for Surface
Roughness, Wavinesa and Lay, B46.1-1947. The
automotive verslon of thls Standard appears 1n
the SAE Handbook and was adopted 1n 1949. The
SAE Surface Flnlah Standard agrees wlth the
Amerlcan Standard 1n all respects wlth the ex-
ception that the SAE Standard allows only one
method of rating roughness whereas the Amerlcan
Standard allows three. 1In order to deslgnate
aurface finish on a drawlng, the draftsman
ghould be familiar with the Standards.

The followlng definltions taken from the
SAE Standard should be understood by the drafts-
man especlally those for roughness and waviness
because of the occaslonal close relationshlp
between these two characterlstlcs of a surface.

Surfuce - The surface of an object 18 the bound-
) ary which separates that obJect from
another substance. Its shape and extent are
usually defined by a drawlng or deacrlptivs
specification. Flgure 1 shows the conventlonal
1dealized surface. '

Proftle - The contour of any speclfied sectlon
through a surface, Figures 1, 2, 3,
and 4 are proflles.

Roughness - Relatlvely finely apaced surface
irregularities as shown in Flgure 2.
On surfaces produced by machinlng and abrasive
operations, the irregularities produced by the
cutting actlon of tool edges and abrasive grains,
and by the feed of the machlne tool, are rough-
neas., Roughness may be consldered as belng su-
perposed on a wavy surface as shown in Figure 3.

Waviness - The surface 1rregularities whlch are

of greater spacing than the rough-
See Figures 3 and 4. On machlned sur-
facea such 1rregularitles may result from ma-
chine or work deflectlons, vlbratlons, ete.
Irregularitles of simllar gecmetry may occur
due to warping, stralna or other causes.

Flaws ~ Irregularities which cccur at one place,

or at relatively infrequent intervals
in the surface e.g. a scratch, ridge, hole,
peak, erack or checks

Lay - The direction of the predominant surface
pattern.

Mieroinch - Cne milllonth of a llnear inch
{.000001 in.). ({(Unlt of Helght for
Houghness.}

The SAE Standard rates roughness 1n mlero-
inches average or to be more exact 1ln mlcrolnches
arlthmetical average devlatlon from the mean
surface. (Contimied on page 25)
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By WARREN J. LUZADDER, PURDUE UNIVERSITY

The basic principles of engineering drawing are here presented in such a way that the beginning student can find
satisfying answers for all of his ordinary questions. Written in simple, understandable languade, the maijor portion
of the text leads up to the preparation of machine drawings. The methods used in such preparation are the same
as those in other fields of engineering. Thus the student is given a good foundation for later study in some special-
ized field such as structural drawing. This revised edition includes many improved illustrations.
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DESCRIPTIVE GEOMETRY
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Covering the basic material of elementary graphical theory applicable to enginegring problems, this text develops
the ability to solve such problems by the simplest graphical methods. It does not limit the student to one method
of attack in solving problems. All methods are thoroughly described, enabling the student to choose the simplest
solution to each problem. :

Pubiished 19456 @ 301 Pages @ 6" x 9"

PROBLEMS IN DESCRIPTIVE GEOMETRY

By EARLE F. WATTS and ARTHUR L, GOODRICH, MASSACHUSETTS INSTITUTE of TECHNOLOGY

These problems have been selected to illustrate the fundamentals of descriptive geometry, the special methods
which branch out from those principles, and the application of those methods to the graphical solution of engin-
eering problems. They are designed to correlate with Watts and Rule's DESCRIPTIVE GEOMETRY.

Published 1946 ® &4 Plates @ 814" x 11"

Send for your Copies Today !
PRENTICE-HALL, Inc.

T0FIFTH AVENUE - NEW YORK 11
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(Continued from page 23)

THEORETICAL PROFILE

T

FIGURE 1

TRACE OF ACTUAL PROFILE.
75 TO 100 MICROINCHES HEIGHT AVERAGE
PEAK TO VALLEY. MAGNIFICATION X270Q.

/)

FIGURE 2

ROUGHNESS SUPERPOSED ON WAVINESS

FIGURE 3

EXAGGERATED PROFILE OF WAVY SURFACE

U,

FIGURE 4

This velue may be obtained from integration of
the proflle curve of a surface or, as shown 1n
Flgure 5, by dividing the sum of the crdinates
of the proflle curve by the number of Increments
taken.

Roughnesa wldth, waviness wldth and wav-
iness helght are all expressed 1n Inches or
decimal portiona thereof. The Standard Includes
recormended roughness helght values and waviness
helight values which have been chosen in reason-
able steps to adequately cover the full range
of roughness and waviness values to be spec-
1fled.

S81x varletles of lay are recognlzed by the
Standard as shown In Filgures 6 thru 11.

The method of deslgnating the surface
characteristics on drawlngs 1s by use of the
surface finlsh symbol shown in Flgures 12 and
1%3. The deslred roughness value whilch repre-
gents the maximum allowable 13 placed inslde
the 60° V. When a lower 1limit 1is desired,

a7 4 o= 16
b=19 bl:=36]
c=23 ¢2:529
d=16 dZ:=256
e =3 222961
f = f:=400 A
g =27 g==729 e f - K|
hs20 hB:=400 e T
i=3 i%s961 ab cd hoi] 8
j=13  J%=169 :
k=23 k%:529
1=15 1%=gas
m: 6 mP:= 36
Totals 248 5572
. \ _248 i
Arithmetical owverage 23t 19.1 microinches
Root mean square overages m_5?;2 = 20.7 micrainches rma
FIGURE 5
— - = " T
S
AY
1Y
A—.
LY —

— DIRECTION OF
— TOOL MARKS

-

]

Parallel to the boundary line of the surface
indicated by the symbol, as shown in Flg-
ure' 6. Example - Parallel shaping, end
view of turn or O.D. grind. .

FIGURE &

|
|

l||11||i

|
Hum

i

I
ln

TOOL MARKS

__L \' DIRECTION OF

-

]

Perpendicular to the boundary line of the
surface iIndicated by the symbol, as shown
in Figure 7. Example - End view of shap-
ing, longitudinal view of turn and O.D. grind.

FIGURE 7

{Con

tinued on page 35}
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SPRINGS — HELICAL AND FLAT
by
Otte R. Hills

Willlam D. Glbson Co.
Division of Assoclated Spring Corp.

It has been sald that Englneering Drawlng

1s 8imply the expression of the geometrical con-

cepts of men expressed In a graphlcal language.
T believe we agree that thls 1s baslcally cor-
rect, but I feel that this deflnltlon 1s so
broad that it over-simplifles the subject. If
we were all proflelent In thls graphie language,
we mlght asgume that any drawlng which conveys
the correct measurements of lines, angles, and
surfacesa, was complete 1ln ltself. I feel that
Englneering drawing gces beyond thias bealec re-
quirement and would llke to develgp the rela-
tlonshlp between 1, Drafting practlce 2, Manu-
facturing prccedure snd 3, the end product as
pertalning to springs both Hellcal and Flat.

I - Drafting Practilce

There 13 nothlng new amd there 1s nothing
I can add to your knowledge of the fundamentals
of mechanlecal drawling. Ths baslc princlpals of
engineering drawlng apply to sprling drawings as

they do to all typss of mechanlcal drawings. As

a manufacturer, we are primarlly lnterested 1n

simplicity of style, and sufficlent Information

to enable us to produce the spring requlred.

Thls can best be, accompllshed when the drafta-
man ls famillar wlth the limitatlons of the

- 8pring deslgn and has a working knowledge of

shop terms.

Most gpring manufacturers publlish a hand-
book which cculd be well used 1In the clasaroom.

These booka Include a gloszary of apring makera?

terms whilch each draftsman should have. There
are also standards publlshed by the Soclety of
Automotive Englneera, the Amerlcan Standards
Asaoclatlon, the Spring Manufacturers' Assoc-
alatlon, and others, which you wlll find very
helpful. - (See Handbook). .

We ask for slmpllelty In a drawlng. Many
gompanles have adopted a standard form drawlng
for thelr conventlonal type springs. . These
are set up for the hellcal type springs, one
for the compression spring, one for the exten-
g8lon spring, and one for torsion spring. This
43 a time saver and also mekes for standardiza-
tion within the organizatlon. (See Handbook).

Flat springs must be drawn 1n detall as
they do net lend themaelves to standard form

drawlngs. Speclal enda on extension springs and
speclal ends on torsion, should also be shown in

detall, with auxiliary precjections when neces-
sary. -

Drawing a long hellcal spring naturally in-

cludes much repeated detall, There 1Is nothing

galned by showlng each coll of a spring. We ree-

omnend drawlng the two colls on either end and
using the ditfto line between the two ends to
show the repeated detall.

"4 spring usually becomes very small in an
asgsembly drawlng. Here we-can use the single

line representation. The single llne drawlng
1s only a symbol to 1ndlcate that a comprea-
sion, extensalon or torslon spring 1ls to be
used. The complete speciflication must be 1n-
cluded-on the detall drawlng.

2 - Manufacturing Procedure

We mentloned the complete speclficatlon,
and thls brings us right into manufacturing
procedure. The apring 1lndustry 1s a Jobbling
Industry and all springs are made to customera
apeclfilcatlions. The Informatlon glwven on the
apring drawing wlll determlne the type of wire
to be used .and our method of manufacturing.

When an englneer deslgns a spring, many
factors are consldered, such as allowable stress
for a glven wire, amblent temperature, work-
ing conditlons and type of loed applicatlon.
These conslderatlons de not appear on the draw-
Ing, but the results of these conslderatlons
make up the complete speclflcatlon. The specl~
flecation will include such operatlions as magna-~-
flux, heat settlng or shotblasting 1f the en-
glneer feels that such treatment 14 regulred.
This 15 fine 1f the englneer 13 well versed in
the art of apring meklng, but relatlvely few
companles whlch use aprings have an englneer-
ing astaff capable of setting up manufacturing
operatlons for thelr springs. We do not ask
that they do, but 1f the speclficatlons are not
complete, we must have sufflclent informatlon
pertaining to the functional requlrements so
that the spring maker can 1lntelllgently set up
the manufacturlng procedure.

All too often a draftsmen 1s glven a sem-
ple spring which a model maker has made or an
englneer has found to serve his purpcse. The
draftaman 1s told to draw up a detall. You ean
eadlly see that we are heading for trouble for
lack of informatlon on the draftasman's part.
Let me repeat: The Informatlon glven on the
spring drawing wlll determine our method of
manufacturing, and the quallty of the spring
produced. -

Some gprings must operate with long 1ife
under fatlgue condltlonas such as sutomotive
valve springs. These springs are made of spe-
cial quality wlré, colled on carblde tools te
minimlze tcol marks, heat treated for maximum
life, ground.for squarenesas, shotblasted and

" heat treated a second timé to Increase Tatigue

1llfe.

Another gpring which may appear to be sim-
1ler must only carry a statlc load or work In-
freqaently. BSuch a spring could well use a
comercial grade wlre with no premium opera—
tions.

{Continued on page 29)



for a set of problems
that inspire students

use
DESCRIPTIVE GEOMETRY

by HIRAM E. GRANT
Head, Department of Engineering Drawing
Washington University

—new practical applications of descriptive geometry

-—practical problems which appeal to the student

—problems profusely illustrated with pictorials

—complete coverage of fundamentals

—instructions accompany each problem

—partially laid out problems enable student to solve twice as many problems
—two sizes of page for easier solution of probiems 7
—are héing used with the Wellinan, Hood anfl Rowe texts

—text assignments furnished for the text of your choice

—copies of -author’s quizzes supplied to schools

—solutions booklet available to the staff at no charge

—a varicty of courses may be designed from this book

—the number of students who fail or drop descriptive geometry is appreciably reduced due to
the stimulation of the practical problems

Practical DESCRIPTIVE GEOMETRY Problems

... . Stoaled be meade ol o
H. E. GRANT, Washington University, St. Louis 5, Missouri
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any othsr normal occurence.

ness that was moat extracrdinary.

served as chalrman.

him.

N MEMORIAM
Professor Walter Hiram McHNeill

1889 - 1951
The Unlveralty of Texas

Professor Walter Hiram McNeill, Chalrman of the Department of
Drawlng of The Unlversity of Texas, dled June 8, 1951.
knew some slx months before he dled that hlg 1life was closlng,
both he and hils famlly set about to make hlgs departure as natural as
He contributed a lesgson to all who came
in contact with him at thls time, revealing a sincerlty and a great-

Profeasor McNelll was a member cof the Department of Drawlng at
The Unlveralty of Texas for thlrty-thrse years, elghteen of which he
He retlired May 1, 1951.

Professor McNelll was a c¢lear thlnker, an excellent teacher and
an able administrator, and he was hlghly respected by all who knew

He evldently
and

{Continﬁed from page 27)

This means that the draftsman must have
more Informatlon than a sample spring wlll gilve
him.  If complete speclfleatlona are not avall~
able, he must convey the worklng requlrements
80 that the finished spring wlll be functlonally
corrsct.

3 - The End Product

The end product 1s a spring regardless of
ghape, form or temper. If the draftaman will
remember the definltion of a spring, 1t may
help him 1n eonveylng the necessary lnformatlon.
Actually a spring l1s a mechanlcael device designed
to store energy when deflected and to return
the equivalent amount of energy when released.
Thisg abllity to do work 1la usually expressed as
a load at a speclfied poslitlion,or as an Increase
in load when deflected between two posltlons.
The latter 1s known as the load rate, and 1s
speciflied only when crltical.

The draftaman should be famlllar wilth the
working requlrements of the assembly. He must
remember that the commerclal tolerance on
springs la much greater than the tolerance on
maehined parts. For thils reason, 1t is good to
show the adjacent parts In phantom sectlon. If
a helical spring 1s to work 1In a hole or over
a rod, thls Informatlon should be gliven as a
1imiting dimension.

In concluslon, we suggest that the student
obtain a spring manufacturer's catalog. Learn
the shop terms, the varlous types of springs
and thelr limitatlons. If possible, arrange
an 1napectlion trlp to a spring plant. Most
important of all, remember that quallty 1n a
gpring is the comblinatlon of a good deslgn and
the manufacturing procedure employed in the
fabrication of the spring.-

(Continued from page 5)

2:00 P.M.  Style Show

5300 P.M. Trlp 1. A behlnd-the-scene trip
through "Vogue™ publlshing
offlces ’

Trip 2. Good Housekeeplng Inatitute

Trip 3. MeCall Home-Msker Institute

Trip 4. Costume Instltute =
Metropolitan Museum of Art

EVENIKG PROGRAIMS
Wednesday, January 23, 1952

Executive Comnlttee Dlnner

Thursday, January 24, 1952

Theatre party. A block of seats has
been recelved for the muslcal hit
"Guys and Dolls™.

Friday, January 25, 1952

Annual Dinner, Men's Faculty GClub,
Columbla Unlversity

Speaker: Dr. John R. Dunning, Dean
of the School of Englneer-
Ing, Columbla Unlverslty.



36 : JOURNAL OF ENGINEERING DRAWING

(Continued from page 5)

to Peter Cooper and he wanted his Unlon to pro-
vide for education 1n engineering, art, political
gcience, and the meaning of good citizenship.

Today, The Cooper Union offers free sduca-
tion In five different flelds, the Arq Sechool,
the Library, the Adult Educatlon Program, the
Museum for the Arts of Decoration, and the . .
School of Bnglneering. :

The Art 3chool offers inatruction during
both day and evenlng, In the fine arts, in:
graphic arts, and ind architecture. The quality
of instructlon 13 such that the students and
graduates have won a great many prizes in both
natlional and iInternatioral competition.

The Library and Reading Room was the first
free public library and readlng-room 1n New
"York. Today, The Cooper Tnion Library serves
not only the Art and Engineerlng Sechoeols, but
any of the publiec who care to avall themselves
of 1ts reading and research privileges

An average of 3,000 people per week attend
the free publle forums conducted in the Great
Hall from October to May. The sublects at thess’
forma rup the gamut of human knowledge. The
speaksrs are the outstanding authorities in -
thelr flelds. The audlence at these forums 1s
permitted to ask questlions of the speakers---
and they do! Ths sub]eets.chosen for each of
the three evenlngs per week pertaln to a general
theme, which runs through a semester. Usually
the theme on one of these evenings 1s in some
way related to the fleld of political sclence
and cltizenshlip, thus carrying out another of
the Founder's wlshes. .

-Peter Cooper had desired to have a muasum
of sclence and Inventlon and an art gallery as a
part of his Unlion. He never was able to estab-
lish these 1n hils lifetime. However, two of hia
grandaughters- started a Museum for the Arts of
Decoratlon, which hea grown to £111 an outstand-
ing positlion in this fleld. The Museum 1s ex-
tenslvely used as a source of ideas by desIgn-
era of textlles, wall paper, and other 1tems of
decoration and adornment. '

The 0ld Mechanic's delight waa his 1nati-
tute of secience and mechanies, which he hoped
would become a recognlzed engineering school.
Hls wish has been fulfillsd, for today the
School of Engineering 1s an ECPD-accred! ted, de-

- gres-granting college whose gradustes are read-
1ly accepted by both Industry and governmsnt.
Both the day and evening sessions offer degrees
in chemical, eivil, electrical and mechanical
englinsering. The normal perled of time required
to obtain a degree in the day sesslon 1s four
years: I1n the evenling sesslon 1t 1s elght years.
The present enrollment In the day sssslon of the
school 1s 350, and in the evenlng ssssion 1s
'343. In Jupe 1951 the School of Englneering
(day and evening sessions) granted 106 degrees.

The Department of Machine Deslign and En-
glneering Drawing 1s a service department within
the School of Enginesring. The courses taught
by thls Department are Bngineering Drawing.

‘Descriptive Geometry, Kinematlica of Machines,

Machine Deslign, Dynamlcs of Machines, Mechanic=-
al Proceases, Engineering Economy, and Indus-
trial Organization. The Department has 8 full-
time and 4 part-tims members. The part-time
instructors teach only in the evenlng session
and are practlcing engineers. Englneering
Drawlng and Descriptive Geocmetry are taught to
all freshmen in both the day and evening ses-
-slon. It 1s our philosophy that every minute
of tlme allotted to uas be used to further the
total education of the engineer. It 1s our be-
lilef that Engineering Drawing 1s a tool which
In many cases may be closely related to the
student's future practice of englneering, and
that 1ts study offers a great opportunity to
begln the training of attitudes and habilts
which will make the kind of professional: engi-
neer that industry needs andiseeks.

To achieve thls goal requires positive at-
tltudes and actlions on our part as instructors.
The Instructor must know his students more in-
timately than as Just names and faces. Each
student, as we all know, 1deally, should re-
celve Individualized treatment. Thus at The
Cooper Unlon less time 13 devoted to general
lecture and more Instruction time to small
groups or individuals. Therefore, not more than
15 students in the drawlng room are amssigned to
one Instructor. A sectlon of 20 students has
two Instructors. All drawing 1s done in the
drawing room under supervision, and the home-
preparation tlwe 1s spent in studying the text
in preparation for the work of the drawing room.
The Instructor triss to see mlastakes as amoon
after they are made as posalble and he 1im~
medlately calls the error to the student's at-
tention.” He then helps the student to under-
stand why 1t 13 an error and to correct it at
once. The Instructor also observes a boy's
work hablts, and suggests ways of improving
them. The student, however, must solve each
problem for himself as best he 1s able from his
study and past experlence. Thus, each student's
contributlon forms a starting point from which
the Instructor can guide the atudent forward in
the learnlng process. The student must also
apportlon and govern hila own time, =mo that he
wlll complete the whole problem in the time al-
lotted. . .

Each prbblém that 1s given to the students

"18 carefully selected to present, first, the ba-

8lc prineiples of drawing or descriptive geo-
metry to be 1llustrated, and, second, to sx-
emplify those phases of engineering about which
the student can be told with reasonable eom-
prehenslon on his part. Wherever poszsible the
student 1s not only shown the physical plece he
1s drawing, but where and how 1t fits in with
relation to other parts and whaet .ias 1ts func-
tion.

We hope that this brief story of The
Gooper Unlon will help you to understand ths
unusual eharacter of this Institutlon, and to
learn something of the unique philosophy and
desires of Peter Cooper, our Foundsr. We hope
that you will come to see us in January and
glve us the opportunity to show you The Cooper
Unlon. :
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(Contlnued from page 7)

Columbla 13 generally, 1f errcneocusly -
regarded as a center of large numbers. Aa a
matter of fact, the total enrollment ls large
because Columbla is a large famlly of achools -
over a dozen professional schools,three gradu-
ate faculties and three under-graduate colleges.
Indl vidually, each of these dAlvisions 13
relatively smll - concentrated, ilndividual

rather than mass education is the alm and rule.
With a student body 1n englmneering limlted to.
Junlor and senior undergraduatea plus graduate
atudents, staff and student are 1ln close con-
tact; assccliated 1n a joint adventure 1n the
ever=progressing and faselnating puyrault of
ensineering knowledge.

{Continued from page 9}

slnce the sclence of war llkewlse expanded
greatly, 1t became obvlious that the Army officer
would need speciallzatlion 1n hls partleular
professlon.

To meet these changed condltlons the Army
established several post-graduate schools to
f111 the demand for offlcer speclallzation.
West Folnt gradually became positlonsd as only
the 1nltlal step In an Army offlcer's educatlon.

Followlng World War I, General Douglas
MacArthur became Superlintendent in 1919.
General MacArthur developed the currleculum 1in
terma of the recent war. The currlculum was
revised to Insure the cadets m knowledge of
natlonsl production, transportation and soclal
problems. In addltlon, General MacArthur de-
veloped the physleal fltneas of the graduates
by establishling a strenuous program of com-
pulscory physical educatlon complemented by an
intramural program of fourteen sports in whlech
every cadet had to take part.

Experlence durlng World War II agaln re-
vlsed the concepts of what professlongl mllltary
education should mean. 1In 1945 a apeclal
board of consultants, clvlillan and mllltary,
made a study of the Academy's currlculum, and,
as g result of thelr recommendatlon, a number
of chenges were made. Among thess were expan-
slon of the work 1n English and Intermational
relations; the Introductlon of courses 1n elec-
tronics, economle geography, and mllltary psy-
chology and leaderahip. At the present time the
humsnitle s comprise about 40% of the curriculum,
the asclences about 60%.

Today, after almost 15} years, the West
Point Reservatlon comprises over 15,000 acres,
Including meny flring rariges and tralning areas.
The student beody, or Cadet Corps, has grown to
2500 cadets.

Although 1ts more spectaoular mllitary and
athletic actlvlitles galn most publlelty, each
graduate during his four years of study recelves
g gound academlc foundatlion comparatlve to eny
8lmller course 1n any major unlverslty. Upon
graduatlon each graduate recelves a B3 degree.
To and Including graduation of Jume 1951,18,80
graduates have left the Military Academy.

To accompllsh 1ts mlaslon, West Polnt has
a physlcal plant of great utility and besauty.
The central plant conslsting of barrscka, mesa
hell, library, gymnaslum, hospltal, academle
bulldings and laboratorles, scme more than 100
yoars old and laden wilth 1vy and traditlion, at-
tracts visitors from all over the world.

In the Initial conceptlon of the Milltary
Academy three coursesa of academlec lnatructlion
were consldered necessary for the proper educa-
tion of a gentleman and an offleere-=-mathematics,
Prench and drawing. The Department of Milltary
Topography and Graphies (formerly Department of
Drawlng) therefore can be consldered as one of
the oldest of the Academy, having been es-
tablished 1n 1803. Drawlng of one form or
another has since been an Integral part of the
Academy'a lnstructlon.

From 1ts 1nceptlon the course has gone
through many changea--each ln general followlng
the 1ndustrlal developments of our country.
Inltlally the drawlng course was pltched toward
the filne arts, wlth stress on the human flgure
and landscape. In the 1B820's wlth the polnting
of the curriculum towards englneerlng, maps and
sketehlhg were added to the drawlng course.
Although not origlnally a part of the Drawlng
course, Descriptlive Geometry was flrst brought
to the United States by the Academy and 1ntro-
duced into the currlculum durlng the perlod of
clvll englneering emphasis. Descriptive Geomet-
ry 1nltlelly was 1n the Department of Englneer-
Ing, end then wlth the Department of Mathematlcs
for over 100 years, before settling wlth the
Department of M1llltary Topography and Graphles,
where 1t 1s now as an Integrated subject wlth
Engineering Drawing. Late in the 19th century,
as the country developed 1ndustrlally and mechan-
lecally,the drawlng course assumed a flavor
which 1ncluded architectural drawing and tech-
nical drawings of machlnes, In additlon to Top-
ography. Even though the course changed, the
results atlll contalned a high degree of artlstle
embelllshment. a

The present course in 1ts modernizatlon has
completely shed artlstic tendencles and reflects
the highly~apeclallzed, technlcel recqulrements
of mass productlon, map productlon, Englneering
Drawlng, and Descriptive Geometry.
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(Continued from page 19)

or attempt to take tlme away from the very
necessary learning procedure connected wlth the
learning of the graphleal language. There
ghould be many more ettempts made by the teach-
ers of analytical types of subjeect to polnt

out graphlcal solutlons, because of thelr time
saving end utility values.

The teacher of graphles, on the other
hand; should make sure thet his conerete-
minded englneerlng students are fed more than
the dry bones of the abastract grammar of des-
eriptive geometry by such devlces as wlll bring
into play a comprehension of and & coordinatlon
between the two languages. For example, 1n
the strength of materlals, the geometry of
atrength provides such an opportunity.. In
mechanicsa, where velocltles and acecelerations
of machline parts can be graphlcally ascertalned
by graphleal differentlation on the drafting
board, the proper place of the drafting board
a3 an engineering Instrument, wlll soon be
apparent to the student. The solution of dif=
flcult differentlal egquations, and even the
gsolution of harmonlc analysls problems on the
drafting board, wlll serve to open student's
eyes -to the fact that the board, plus tralin-
ing, plus ingenulty is a very poweprful en-
glneering Inatrument,

EFFECTIVE TRAINING IN DEAFTING

We now reamch the erux of the whole matter,
and 1t 1s the gquestlon, "What constitutes ef-
feotlve tralning 1ln graphles for industry?®

Effective training in graphlcs for 1n-
dustry does not presuppose radicel changes 1in -
the courses glven at the schools, but rather
takes for granted the fact that the present
courses should be glven 1n such a way that the
student has a new degree .of comprehenslon of
what he 1s studying. It l1ls unreasonable for
Industry to ask the technleml colleges and
universlties to glve more training along any
particular line, ln an under=graduate currlc-
ulum, but 1t 18 very deflinltely the prercgatlve
of 1ndustry to ask that the student acqgulre
comprehens'ion and orlentation of hls knowledge
as soon as poaslble. After the student com-.
prehends that he 1s trylng to .learn a language,
In learning elementary mechanlcal drawing,
descriptlve geometry, machine drawlng, kinemat-
lcs, machine deslgn, ete., hls attltude should
be conditlcned, so that he reallzes that he
will not acquire full proficlency in the use
of this language until he has worked with
~drafting in lndustry for some reasonable length
of time.

Thls attltudinal tralning 18 very Ilmportant
to young men, for they must be made to feel that
work done to acqulre proflclency In drafting and
deslgn l1s not wasted effort, on thelr part.

DRAPTING AS A PART OF ENGINEERING INTERNSHIP

We ell kmow that today the young englineer-
ing graduate is living in "never-never" land.
He 13 lookling for progress, promotlon, and suc=-
cess, but he famcea two new developments, both
of which are in existence, and both of which
have not, aa yet, been felt by him. One of
them 1a the fact that the "G.I. hump™ has now
gone through the englneering achocls. Thia
glves the professlon a greater number of . en-
glneers than ever before, wlth many thousands
of them belng In thls young age group;--the
group which went to college after serving in
the war.

The asecond development 1a a ccnsequence of
the flrst. Since 1948 the drafting and deslgn
portions of engineerlng have been subjected to
a contlnuous up-gradlng process. When the
United States goes back to the normal condltions
of producing only for peace, 1t 1s safe to pre-
dict that the trend of upgrading 1n drafting
and deslign will continue. Thls means that a
large number of teechnlcal graduates wlll ac~
quire the abllity as competent draftsmen and de-
algners to wrlte the englneering prose and
poetry spoken of earlier. They, in turn will
earn the Jjobs which 1nvolve the supervlsion of
other men In thls fleld.

Since many of these men, wlth thls exper-
1ence will be technleal gredustes, I thlnk 1t
1s safe to predlct that they will not be too
anxlous to serve under the ergineer who has not
acqulred the same proficiencj and skill that
they have, so that the door to advancement and
promotion may start to close on the englneer who
feels that he, somehow or another, wlll avold
a tour of duty on the board.

"If I were a young englneering graduate who
wlshed to go 1nto elther design, production, or
sconstruction, I think I would make as qulck am
beeline to the drafting board-as I could, 1in
order to serve my Interneship In thla fleld as
qulickly as possibles This experlence eould and
would open successlve doors of promoction 1n de-
slgn, comstructlion, production, and eventually
in management. In view of the above facta, I
¥now of no better way to start an englneering
intermeshlp.



VEMCO sets are available in stand-
ard and special arrangements—in
four types of cases—and in these
two grades:

VEMCO hand finished stainless steel
Biue Dot instruments are supreme
in accuracy, durability and finish.
The professional or the student
engineer will take pride in these
instruments,

VEMCO chrome plated steel Red
Dot instruments are oufstanding in
quality, yet popularly priced. These
instruments are having favoroble
acceptance in many of the leading
universities,

Write for a free copy of "Hivorical Note on
Drawing Instraments."”

QHere it the striking new fpocker size
(415" x714") VEMCO saddle leather rase
with zipper closwre, Thir st No, H-171-L
inclwder 6147 Bow Compass, 4127 Bow
Compass, 615" Fricizon Divider, 515"
Stip Handle Ruling Pen, and Tube for
extra leads amd points.

Handle

Handle-
eracting
Friction
Memher

Compression

$

Set No. A-171-V |

““C-SPRING’" Exerts
Constant pressure;
Prevents Play.

Cup-spring

Open-truss
Legs

VEMCO "cup-SPRING”
FRICTION DIVIDERS

' 4-Paint
Contact'’
Insures
Alignment.

HINGE PiN

STEEL THREADED PARTS
Insure iong life.

"OPEN-TRUSS"
Design cuts
weight 40%, \
fncreases (o 5
Strength, Rigidity ‘%

U.5. Patents
2297999, 2322002,
D-133491, D-133498, D-i35138

VEMCO OPEN-TRUSS COMPASSES

VEMCO Patented Open-Truss Design is
used for all VEMCQ compasses. They pro-
duce critically accurate results in both
heavy pencil and finest ink work.

V& E MANUFACTURING CO. - PASADENA 20, CALIF.
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(Continued from page 25)

\— DIRECTION OF

TOOL MARKS

I !

Angular in both directions to the boundary
line of the surface indicated by the symbol,
as shown in Figure 8. Example - Side
wheel grind, and traversed end mill,

FIGURE 8

| 76 |

Approximately circular relative to the center
of the surface indi¢ated by the symbol as
shown in Figure 9. Example - Facing.

FIGURE 9

N

I ]

Multidirecfional, as shown in Figure 10.
Example - Lap, superfinish.

FIGURE 10

Approximately radial reiative to the surface
indicated by the symbol, as shown in Fig-
ure 11.. Example - Surface ground on a
turntable, fly cut and indexed on a mill.

FIGURE 11
0002 0002=25
50 50 50
' =.005
FIGURE 12

both upper and lower limits are shown. The
roughness width and lay are shown to the right
of the long leg of the surface flnish symbol,
and the waviness helght and waviness wldth above
the extenslon line as shown. The symbol 1s
placed on the line representing the surface to
be controlled or on a wltneas line or leader
line pointlng to the surface. For better read-
ing 1t 1s recommended that the symbol appear
upright on the drawlng.

Surface roughness may be measured 1n a
varlety of waya. The cholece of the method de-
pends cn the accuracy of contrcl desired. Of
the present day surface measuring Instrumentas,
the stylus type wlth Integrating meter or os-
eilograph 1s the most wldely used. Thils type
of instrument probes the surface wlth a finely
ground dismond stylus, the vertlcal motlons of
which are measured through electromagnetlc means
relative to a nomlnal surface created by the
position of a rider shoe on the surface. Sueh
instruments, when accurately callbrated, are
limlted only by the abllity of the stylus tip
to penetrate surface scratches fimer than 1ta
dlameter and by the frequency response charac-
terlatics of the instrument. For extremely ac-
curate control 1t 1a recommended that such in-
struments be used 1n conjunctlon with preclsion
type reference speclmens such aa the Geometrile
Surface Finlsh Standards.

The Geometric Surface Finlsh 3tandards are
g set of preclsion ruled surfaces having values
equivalent to the recommended roughness values
of the SAE. A cross sectlon of a typleal
Goometrlic Surface is shown in Flgure 14. Origimnml
(Contlnued on page 37)
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(Continusd from page 35}

TYPICAL FLAW
(SCRATCH)

o

WAVINESS
HEIGHT (INCHES)

--ROUGHNESS HEIGHT
PEAK TO VALLEY
touemsss RATING
(MIGROINGHES AVERAGE
DEVIATION FROM MEAN)

WAVINESS
] i

LAY (DIRECTION OF
DOMINANT PATTERN)

ROUGHNESS
WIDTH (INCHES)

Hsaning of Each Part of Symbol Defined

/1717 /,

6= ANGLE OF GROOVE
P=PITCH
H=HEIGHT

FIGURE 14

masters for the Geometrle Standards are ruled
on gold surfeces by a flne line ruling machine,
wlth eallbratlon belng accomplished by taper
sectloning electroform replicas as shown In
Flgure 15. It 1s estimated thet the eal-
lbrated roughness values of these ruled stand-
ards are ten time more accurate and conslatent
‘than roughness values on ordinary machined or
ground surfaces., Limited sets of the Geometric
speclmens wlll shortly be avallable for use by
Industry for surface flnish control.

Other methods for control of surface rough-
ness Include reflectlon type meters,comparison

FIGURE 13
PROFILE OF Scratch f- - b - = Ground ond iopped surface
GEQMETRIC SURFACE FINISH SPECIMEN L | P
- i P ] A A
| ] ] I3
H 8
[

—f_e .

B Sl i B-‘;‘::' _____
, ;}“--Mefal removed
!

by loper sectiorng

...ln‘.. .

Sechion A-A

FIGURE 15

microscopes, plastle replicas and visual or
tactual comparlson. These last methods of con-
trol are all based on callbratlon of the in-
strument or visual or tectuasl senses wilth pillot
gpeclimens of the work plece. The pllot -apec-
imens ln turn should be callbrated agalnst the
precislon reference speclmensa by stylus 1n-
strument.

It should be noted that using s pllot
specimen of the surface to be messured differs
from using s set of machlned surface flnlsh
specimens. A pllot speclmen represents the

{Continued on page 38)



JOURNAL OF ENGINEERING DRAWING

Micrometer . anvils
Mirrors
;. Goges

‘ .Sho;oV,ﬁu"qe' foces
- Camparator anvils

Vernier coliper foces

Wrist pins
+:0-ring grooves-mation
Hydraulic piston rods
Rallroud‘ .axles
Precision™ tools

Honed rollef and boll bearings

Crankshoft beqrings
Camshoft bearings
Connecting rad bearings
Valve stems

Cam .fu'ces

-Hydrciu_l':c cylinder bores

Lopped roller ond beil bearings

ie Piuion outside diameters
Cylinder bares ’

Spline shaft ]
O-ring grooves—no motion

‘Gear teeth

Motor shoft bearings
Ground roller and bail bearings

32/ Brake drums

Beomed hales
Broached holes

Bronze bedrings
Precision parts

64/ Geor locating faces
Geor shafts ond bores
Cylinder head face
Cast iron gear bex faces

Piston crown

i30/ Mating surfoces—-no motion

Drilled holes

Clearance surfoces
Reugh mochine parts

FIGURE 16

SURFACE FINISHES AVAILABLE BY COMMON PRODUCTION METHODS

MACHINED & ABRADED
SURFACES

{000 500 300 2oO

MICROINCHES AVERAGE
100 50 30 20

10 5 3 2 ]

ER

SNAG, SAW, TORCH CUT

TURN, SHAPE, MILL, BORE

DRILL

REAM

GRIND

7%

CROSS HATGHING INDIGATES LESS
FREQUENT APPLICATION

HONE

LAP, POLISH, SUPERFINISH

SURFACES PRODUCED
BY OTHER METHODS

SANDCASTING

FORGING

PERMANENT MOLD CASTING,

DIE CASTING

ROLLED & GOLD DRAWN

EXTRUDED

PHOSPHATE COATED

SN

SURFACES DEPEND ON
SURFACE FINISH OF DIE

/

1000

500 300 200

100 50 30 20 10
MICROINGHES AVERAGE

FIGURE 17




JOURNAL OF ENGINEERING DRAWING 39

game material end the seme procesaing methods as the
work piece, whereas the machined specimen sets can only
approximate these conditions end will not necessarily
be equivalent to the work piece with respect to color,
luster, roughness width or physical characteristics of
the desired surface. While color, luster end physical
cheracteristics of the surface are not defined or con-
trolled by the surface finish designation, they are im-
portant factors in comparing surfaces by means other
then stylus type instruments.

Surface waviness may be meesured by disl indicetars,
optical flats or by e newly perfected surface measuring
instrument which measures absolute deviation from ac-
curately trued reference surfaces. Another well lmown
method of waviness measurement is by bluing the surface.
The accuracy of this method however depends on the ex-
perience and judgment of the inspector and results are
not necessarily reproducible from perscn to persom, let
glone from cne plant to another.

Not mll mechine surfaces require surfece finish
designation. To apply the surface finisgh symbol to every
gurface shown would detramct from the emphasis desired
for criticel surfaces end in addition, would reise the
cost of the product due to the requiremsmt for inspec-
tion and special machining out of ell proportion to the
actual value gained. The basic criteriom cn which surf-
rce or surfaces that have been subjected to use similar
to that contemplated for the subject surface have ever
required refinement end control, Such information is
usually aveilable to the designer fram service and ex-
perimental records. However, in new or radical desgipgns
end spplications, the designer must rely on good judg-
ment and, if possible, experimental data.

Normelly the use of the surface finiegh symbol in-
dicates thet refinement of the surface is sought. How-
ever, there are cases where excessive smocthness hes led
to repid femilure, especially where metal %o metal con-
tect is experienced. As shown in Figure 156, there are
meny epplications for surface finish centrol. These
fall intoc four broad clessifications, as follows: {1)
where extreme accurscy of medsuremsnts i1s required, {2)
where the surface under consideration must act as a bear-
ing surface with the minimm of friction and wear, (3)
where the eppesrence of the surface must be perfect and
(4) where the surfece is subjected to fatigue stresses.

Of these four clessifications, the problem of com-
batting frietion end wear is probably the most common.
Typical surfeces felling within this classification are
journel bearings, bushings for sliding shefts, pistons
and cylinders, disc and drum type brekes, cutting tools,
etc. AE previously indiceted, the roughness requirement

for such surfaces will depend on such factors as the
relative hardness of mating materials, the amount and
type of lubrication, the degree of cooling, end the
emount of loading. It cen be seen thabt for amy one type
of mpplication, more thean one surface mey be required.
For example, because of dissimilar material, loading
and lubriemtion, the wrist pins of two different engimnes
mey require two different surface finishes that differ
by as much as twe to one. Figure 18, therefore, should
be used for edvisory reference only, and the roughness
values indicated for the various surfaces should not be
construed as mandetory.

While it is of considerable importance that the de-
signer be thoroughly familiaer with the production
methods of processing the products he deeigns, it is not
his duty to formulate the processing steps. In fact,
many processing shop foremsn and production men are ex-
tremely jealous of thelr euthority when it comes to set-
ting up prooess sheets, Furthermore, the production
supervisor mey be able to plan production meore economic-
ally if given complete freedom in choice of machining
methods. The engineering -drewing should therefore seldam
carry the method by which a partiecular surface is to be
produced., However, in some instences, expérimentel data
haeve shown thet one end only oné method of finishing the
subjeot surface may be employed. In these ceses, it i
advisable to indicate such surfaces with a note which
indicates the processing method as well as the surface
roughness desired. :

Figure 17 shows the range of surface roughness aveil-
able by common methods of production., It should be ’
recognized that the values ghown in the figure are not
absolute limite. Reference to thies figure is helpful to
the designer ly essuring him that the surface finish re-
quirement is within the cepability of the nmormally avail-
able production methods. The use of this figure in can-
junetion with specimen sets or machined semples of
similar types of work is of conasiderable aid to the
novice in surface finish desjgnation.

Since the publication of Americen Standard B46.1
and the S.A.E. Standard for Surface Finigh, aubtomotive
designers have become more end more comscious of theilr
respongibility in the cantrol of surface finish. To be
sure, the adoption and implemsntaticn of the surface
finish standerds by &ll sections of the industry will re-
quire much time and treining. Because of the emphesis
placed on surface finish by the S.4.E. Surfaece Finish
Standerd and the S.A.E. Drafting Standards, many sutomo-
tive concerns are now designeting surface finish by the
new method, It is anticipated that, with the advent of
the aveilability of Geametric Surface Finish Specimens and
oxpanaion of the epplication of the surfece finish stend-
ards, the autamotive industry will be able to produce
goods of ever higher quality.
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