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PllJ'AC:I 

!he author does not claim this work to 

be entirel7 original. It is hopet, however, that 

the stud7 will be ot aid in aaking the shop eov.raes 

at v. P. I. among the best. 

!he author wishes to talte this o:,portuit7 

to express his appreciation ot the help and enoourage-

aent rendered b7 Professor Paul! Borton, Jr., ant 
l>e&11 krle B. Borris ot v. P. I., ant to express his 
appree1at1on ot the assistance rendered b7 those men 

who haTe prev1ousl7 publishet material on this aubJeet. 

Cre41t tor raaJ11' ot the suggestions tount herein 1a 
due the atatt ot the v. P. I. Shops. 
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I. ilTRODU'CTIOli 

A. Object of the Investigation 

!O increase the etteotiveness of any oourse 

requires a study o:t the course as it exists toda7 and 

a comparison o:t other courses of a like nature in simi-

lar institutions. Shop oourses are no different in 

this respect exoept that modern industry must be con-

sidered also. Because shop courses involve both theorJ' 

and practice the problem of increasing their e:t:tective-

ness is much harder than it is generall7 thoUBht to be. 

Recent studies bl The Sooiet7 for the Promotion o:t 
Educ,ation 

Bngineerinc·" and The .A.merioan Society of Keobanieal 

l1Dgilleera2 ahow the three ma.in purposes o:t shop courses 

to be: 

l. To gain a lcnowledge of materials 
2. !o gain a kl'lowledge o:t shop operations 

and technique 

I. !o gain a lcnowle4.ge of production and 
management method• 

With these purposes in mind this investigation was 

undertaken so that the effectiveness of the under-

graduate shop courses at the Tirginia Polyteolmic 

Institute cGUld be inoreased. 



:B. Ieei tor the IDTestigatien 

!he inTestment in maohi:ner., and equipnent 
tor 'the teaohing ot shop worlc is quite large when ooa-
pare4 to the other eourses ottered in engineering 

schools. ~or this reason it is essential that ever17 

minute the stwlent is 1n the shops )e procluot1Te. 
!hat is to sa7 it is :neoesa&r17 that the stu.4.ent \e 

learning eTerJ' moment. !he olll.7 1f&7 this can be ao-
ooapliahed is to have a definite i;regraa ot worlc nt-
11nei. !his prograa should \e flexible so that new 
ancl interesting developments 1Jl the aa:autaotu.riq 
field oan be a4ded a:n4 out of date in:tormation an4 

precesses 41scar4e4. 
In order to aoeoaplish the best results it 

is neeess&r7 to keep in ailld what the stule•t is \eing 

taUBht in his other classes. It is aost essential not 
to cluplieate in the shops, work that is being t&ugllt 
in other courses but to so correlate the worlc that the 
theor7 learnecl i• the other o ours es oan be apJliet in 

Jr&ot1oe. !he praotiu.1 worlc gotten in the shoJa, 

whetller aotuall7 performed b7 the atu4ent er 4.aon-

atrate4 b7 iutrutore, is the onl7 ollalloe v. P. I. 
at'Udente have to see the theOrJ' P11t il'lto praotioe. 



For this reason it is believed that shop ooursea 
should be a combination lecture and laborato?7 eourae. 
Practical work mu.st 'be c oab1:ne4 with maau:taotunng 
methods lectures so the stla.tent will,'get sae 1clea 
how to appl.7 the theOrJ' he bas learn.et and hew theOJ:7 

ant aotua.l practioe in 1D4ust?7 are olosel.7 oolUleeted. 
:Because of the rapid strides being made b7 

indust?7 it is essential that the llngineering Colleges, 
training••• tor these industries, lceep in step ant 
:progress s1Dmltaneousl.7. It is believed 1;hat a well 
tormuated Jlan ot instruction and practice will ail 
in maintaining 'this progress. :Because of these taets 
it was 'thought that the shop courses at the Virgillia 
Pol7teelm10 Institute shoul4 be redesigned.. !he7 
should. be so arrallged that the7 will lceep pace with 
Illdustry and turn out graduates more eapable of till-
ing the ,obs the7 receiTe. !his is particul.arl.7 
essential at v. P. I. 

!he ot engineeri13g students at 
V. P. I. are not tr• industrial centers nor are there 
&JlJ large centers ot industry near Blaclcaburg. Stu.4-

enta whose homes are in or near 1niustr1al cities are 

unall7 familiar w1 'th aanu:taeturing processes troa 

their assoo1at1ons it not from actual work in in4uatl'3'. 



!hoae inatihtiena looate4 near er in in4uatr1al 
centers ean 1Dolu4e regular inspection tripa in their 

shop oeursea. T. P. I. ia at a great 41aa4T&Dt&e• in 

th••• reapeota u4 auat llaTe a gool ahep onrae in 
orter to OTerooae thia ha114ieap it its gratuatea are 

to oontine to ooapete with the grab.ates ot •tur 

Bng1Jleer1:ng sohoola. 
!he oouraea outlined in this theaia are 

leaignet to giTe a b.owle4ge ot tems an4 Jrooessea 
troa the aelti.Jag anl oast1DB through tabrioation ant 

aaaea'bl7 1U1til the :pro4uot 1a tiniallel and reaq tor 
atook or sale. !his requires praotioe in Jertonaiq 
the operations &Jll a s-n.47 et the Tarioua Jroo•asea 

involved. !hu.s the onrsea nat consist ot a ooa"bi-
nation et leotu.res, outai4e preparation &l14. laberato17 
praotioe. !he eaursea are ',ao ar:rangel that tlle7 oan 

•• expaatet or shGrtened te suit &Jl1' ourrioulua. 
Partioular eJQhaa1s u.7 'be g1Ten to those points aoat 
:pertinent to the ourrioulua anl its ol>JeotiTea. A 

go•t shop onrse will go a 1~ wa7 in 4eTelepiJIC 

aooua.07 ant or1g1Jl8l.1t7 in an engineering aht•t• 
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II. llVID OF I.If:BRA.TUU 

A. College Catalep.es 

In 1930 a a~ of the catalogues of 109 
selected schools was reported b7 Kr. B. L. SWeigeri 

of the Georgia School of Teehl!l.ology. !able 1 froa 

this atu'7 is reproduced on the following page. !his 
table gives some idea of the total time spent on uop 

work but does not distingu.ish between leeture hours 
and hours spent in the laborato?7. 

!able 2 gi~es tile 8&118 data as !able 1 

on a quarterl7 basis. !able 2 gives the into:raation 

in such a wa7 that 1 t can readiJ.7 be oompared with 

the shop work as given at T. P. I. 

!able Sis a comparison of the totals taken 

from Table 2 and the total clock hours spent in the 
shops b7 the students here at T. P. I. 

It will be note4 that some of the •bQaea 

•~•d at v. p. I. 4.o not nquire any shop work at 

all. This seems unfort\Ulate in view·of the :taet that 

v. p. I. is so :tar removed from industrial eentera 

that the stu.4ents have no other opportuut7 to become 

familiar with the behavior of materials and aanu:tactur-
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!able l 
' ' ' ' ' ' ' 1 Heat ' 1 1 " ' 1 Currioulu 1 Wood 'l!:ttern 'Foundry ' Forie 1 Kach. 1 Treat.' Weld. 11!otal ' ' -

' ' I ' t t ' ' ' ' ' ' ' ' ' lleohan1cal Engineering •...•...• ' 1.1 ' 2. 'I ' 2.8 3.1 8.9 ' .4 1 .l 1 1 19.1 ' ' "Average hours per '' Electrical Engineering •••.•.•.• 1.0 ' 2.5 ' 2.1 ' 2.1 6.2 ' .1 ' .1 ' 1 14.1 ' ' week f'or one semester. 1 ' Civil Engineering ••..........•• ' 1.1 ' 1.0 1 • 'I ' 1.4 ' 1.1 ' .1 ' .o, 1 ' 5.4'1'' 
Represents total shops ' ' Chemical Engineerillg •••.•.•.••• ' .6 ' .8 1 1.1 ' 1.2 ' 1.6 ' .oz ' .o ' ' 5.33'' 
given, as taken f'roa the 1 ' Kining E:ng ineering ••••..••.•••• ' ., ' .l ' .9 ' .9 ' 1.2 ' 0 ' .04 1 ' 4.04 1 I 
catalogues of' the 109 ' ' Industrial lblgineering ••••.•••. ' .9 1 1.2 ' 2.1 ' 1.0 ' 6.8 ' .5 0 ' 1 12.5 1 ' 
schools studied, reduced ' ' Arch. Engineering ••••••..•....• ' .9 ' 0 ' .25 ' .6 ' .05 ' .05 ' 0 ' 1 1. 85'' 
to a semester basis and ' ' Ceramic Engineering ••.••••••••• ' .4 1 0 ' .9 ' 0 ' 0 ' 0 ' 0 ' 1 1.3 1 1 

olook hours per week. 1 ' Ket. Engineering ••••.••••••..•• ' .7 ' 0 ' 1.0 ' .a ' 1.2 ' .12 ' 0 ' 1 3. 82'' 
' ' Petroleum bgineering ••••.•••• ,' .'1'P 0 ' 0 ' • 75 ' 0 ' 0 1 0 1 ' 1.5 ' ' 
' ' Textile Engineering ••••.•••.••. ' 1.4 ' 0 ' .3 ' 1.1 5.4 ' 0 ' 0 ' ' 8.2 1 1 

' ' Sanitar7 Engineering ••••.•••••• ' • '15' 0 ' .'15 ' • '15 ' 0 ' 0 ' 0 ' ' 2.25' 1 

' ' .Aero. Jingineer1J!e·············· ' .4 ' 3.4 ' 2.9 ' 2.7 ' 5.2 .2 ' 0 ' ' 14.8 ' 1 

!able 2 
' ' ' ' CurrioulUJB ' Wood 'Pattern 'Foundry ' Forge 1 llaoh. ' !reat. ' Weld.'' !otal '' 1 I • f 1 f f f i 

' i 1 ' 

' ' Jleohanical bgineering •••••••• .' 1.65' 4.05 ' 4.2 ' 4.65 ' 13.35 1 .6 ' .15 ' ' 28.6 ' ' "Average hours per '' lUeotrioal bgineeriDg •••••••.. • 1.5 ' 3.75 ' 3.15 1 S.15 1 9.3 ' .15 1 .15 ' ' 21.1 1 ' 
week f'or one quarter. ' ' Civil Engineering •••••••••••••• , 1.65' 1.5 ' 1.05 ' 2.1 ' 1.65 ' .15 ' .10 ' ' 8.2 ' ' 
Represents total shop ' ' Chemi oal Jhl&ineering •••••••••• .' .9 ' 1.2 ' 1.65 ' 1.8 ' 2.4 ' .04 ' 0 ' ' 8.0 1 1 

work given, as taken from 1 ' llin.ing :lngin.eering ••••••••••... , l.Z5' .15 ' 1.35 ' 1.35 ' 1.8 0 ' .06 ' f 6.06'' 
the catalogues of' the 109' 1 Industrial E:aginee ring ••••••••. ' 1.15' 1.8 ' 3.15 1 1.5 1 10.2 ' .75 ' 0 ' ' 18.'15 11 

schools, reduced to a '1 .Arch. Engineering ••••.••••••••• ' 1.16' 0 f .3'1 1 .9 ' .07 ' .07 ' 0 ' ' 2.'18'' 
quarter basis and clock 1 I Ceramic Engineering ............. , .6 ' 0 ' 1.35 ' 0 ' 0 ' 0 ' 0 ' 1 1.95'' 

.hours per week. 1 ' lletallurgieal bginee ring •••••. , 1.05' 0 ' 1.5 ' 1.2 1 1.8 ' .18 ' 0 ' ' 5."12 11 

' 1 Petroleum bgineering ••••••.••. , 1.12 1 0 ' 0 ' 1.12 ' 0 ' 0 ' 0 ' ' 2 .25' 1 

1 ' !extile Engineering •••••••.••• ,1 2.1 1 0 ' .45 ' 1.65 1 8.1 1 0 ' 1 0 ' 1 12.3 ' 1 

' ' Sani ta17 Engineering ••••.••.•• ,, 1.12 1 0 ' 1.12 ' 1.12 ' 0 0 ' 0 ' 1 z. 37' 1 
11 .A.ero. bgineeriJJg ••••.••.••••• ,, .6 ' 5.1 ' 4.35 ' 4.05 ' '1.8 ' .3 ' 0 1 1 22.2 1 1 

Table 3 
' ' t I CUrri eu.lUll 1 .Average 1 T· P. I. 1 1 f 

' ' ' f t ' ' I 1 lleohanieal Engineering ••••••••• , 28.6 ' 1'1 f I 

":lumber of' clock ' ' Electrical bgineering ••••••••• , 21.1 ' 14 ' ' 
hours per week spent on 1 ' Civil Engineering •••••••••••.•• , 8.2 ' --- I I 

shop work if it were all ' ' Chemie al bgineeriDg ••••••••••• , 8.0 ' ' 1 

)lining Engineering ••••••.•••••• , 6.06 ' ' 1 given in one quarter.• ' ' ---
' ' Industrial Engineering . ........ ' 18.'15 ' 20 ' ' 
1 I Architectural Engineering •••.•• , 2.'18 ' --- 1 1 

' ' Ceramic Engineering ••.•..••.•• •' 1.95 ' 14 ' ' 
' ' Ketallurgieal bgineerillg •••••• ' 5.'12 1 14 ' ' 
' ' .lgrioul tural Engi.neeri:ag ••••.•. ' :lot given ' 14 ' 1 
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i:ng processes. ill eng1neering students should haTe 

some training in and knowledge of the behaTior of 

11&terials ill use. !he purpose of shop courses, as has 

been stated, is not to ll&ke trained mechanics out of 
students but to ao4uillt the students with the UJJ.der- · 

l.J'ing prineiples and behaTior of materials, how and 

when to use them. 

B. Educational and Professional Societies 
Pablioatiou 

!h.e following tables and quotatiou will 

giTe a good picture of the general attitude toward 

sheJ work among educators and men engaged in actul 

practice: 

".A. S\llmlar7 of OJinions Oonclnd11g 
Engineering Curricula• 

Sou.roes of lieplies 
Iumber of institutions from which replies were 

reee1Te4 .. ........................ .......• ill 
Response in percent of 11, institutions 

eanTaased . ................... · . . . . . . . . . . . . . • 84. "I 
l'wnber of questionnaires receiTet •••.•••.•.•.••• IM 
Bes1onse in percent of questionnaires 

41str1.buie4.......... .. . . . . . . . . . . . . . .. . . . . • 6'1.0 
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Ille» Courses 

1. OUrricula in which Shop Courses should be Bequire4: 

Ou.rr1oulua lumber 

Kech.an.1.oal bgineeriq 205 
neetrieal llncineering 1'11 
Chemioal ~ineering 18 
OiT11 Jng1lleer111g 46 
Jlining &J14 Ketallura 42 
Industrial :lng1neering 15 
J.gricul tural Bngineering '1 
As an nect1Te 4 
Other ou.rrioula 9 
Cons14ere4 tJnoollegiate 21 
Unolasa1:tie4 10 
Unstatet 282 

Per eent 

18.1 
12.0 
9.4 a., ,., 
a.a 
1.3 o.s 
1.8 
4.3 
1.9 

52.6 

2. SUmmer Japlo711ent in Shops should be Required: 

In lieu of sillilar 
work in college •••.••• 

ID addition to a1Jlilar 
won: in college ••••••• 

Unclassified ••••••••••••• 
lJn.atate4 ••••••••••••••••• 

Jua'ber 

135 

142 
10 

22'1 

Per cent 

z. I:t a7steaatio shop instruction is g1Ten to s.tuclen.ts 
in college, which o:t the following should be 
its :pu.rJosea? 

' Of Prim&l'J' ' o:r Seoonclar'7' 
' Importance ' Ia1ortuoe • 

~osea ' Ii. : : Jo. ; ,. ' ICiowle~o:t the teehniqul ' of shop operations ••••• • 264 ' 49.4 ' '18 ' 14.6 ' Knowledge o:t the methods ' ' ' ' ' of ahep 11&11&gement ••••• , 136 ' 25.4 ' 116 1 21.'1 ' JCnowletge of the economic' ' ' ' ' phases o:t ah.OJ oi,erat•ns 106 ' 19.6 ' 96 ' 18.9 ' Skill in hauling tools ' ' ' ' ' and. ma.chines ••••••••••• ' '11 ' 13.'1 ' '19 ' 14:.8 ' 
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1'1uiber 

U'llclasa1fie4................ , 
Vnstatet •••••••••••••••••••• 104 

Per •••t 

,. Whieh of the following ••tilo4s ahouli be a:,lo7el 
in organizing shop oourseaT 

J'1uiber 

I.eoture-La'boratory •••••••••• 272 
Colllleroial iaroduotien ••••••• ti 
Vnel&aaified •••••••••••••••• 17 
tn.eta te4. . . . . . . . . . . . . . . . . . . • 111 

50.9 
1,., 
1.1 

18.I 

•Opinions of Preteaaional Jng1Jleers 
Ceneerninc .14uoat1onal ~olioiee ant :Pra.etioee•1 

•In rea:ponae 'io a apeoitie question, a ••ll 
aaJorit7 ot the eheaieal engilleers, or 11.1,, taTor 
a7ateutie instruotien in shop Jraotioe. Opinion 1a 
lairl7 equally 4iTi4e4 011 the queation of aubstih.t1Dg 
tor ahoJ i11atruotio11 in oollege a reqllireae11t that a 
definite uount and tne of ahoJ eZJerienoe be obta.1JJ.e4 
4ur1JJg Taoation :,enota, with 40.,, faTora'ble, 1,.,, 
opJoae4 and 21.,, non-oomaital. 

•B.f the ratio of five to three the eonaenna 
of oJinion-aaong eiTil engilleera is tllat oourses ia 
ahep :,raotioe should not be requ1re4 of 01T11 Jblc1uer-
1ng sh.dents. 

•In response to a speoitio question, a alight 
11&Jorit7 of the eleotrioal engineers oona14er it desir-
able to ei:ibati ate a lefinite aaout an4 tne et aheJ 
•~perienoe ga.1ne4 during T&catiou tor a7ste1Q,tio aho:, 
1nstruotion iJl eollege. In rating the relatiTe iaJoriaue 
et 4itterent a11eota of ahtJ iutruot1011, the aa~or1tJ' 
(11.,,) atreaa the teelmique of 8h01 e1erat1one, a•••-
what aa&lle:r groa.J (19.1-) the eoonoaio :,llaeea ot allo:, 
operations, ant auoh -ller groups aanu.l u:111 (16.S,.) 
ant tile teelmique ot ( 11. 1-) • IJl intol'll&l ••-•nta JIUl1' •Jbaaize4 the leairaltiliV of ooaltining 
~tion ex,erienoe with ahoJ 1Bat:ru.ot1on. 
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•In view ot the diversit7 ot opinion in 
teaohi11g circles as to the scope ua purJoses ot shop 
instruction, the following questions were askel ot the 
meohanioal engineers: 

a. 'What, in 7our eJinion, should be the prim&r7 
purpose or purposes ot such courses -- trainiq 1:n 
manual operations and acquirement of skill therein, 
tra1n113g in management and Jroduction methots, 
trailling in the· eocmomio am business aspects ot 
shoJ work, eto.? 1 

lleJlies: 
J(anagement and production methods •••• 
Jlanual operat1DIJ8 a.n4 skill •••••••••• 
Olli t shop wort: ••....•.......•.....••• 
:lconomio and busi:ness· aspects •••••••• 

b. 'In 7our opinion would it be desirable to require 
stu4.ents to aoqllire shop e:xperie:nee through T&cation 
emplo1111ent, provided, ot course, that praetical :plans 
could be devised, or is it desirable to give some 
shop traini11g in college?' 

Replies: 
Vaea1iion wort: •.....................•• 42.s,6 
College ina1iruct1on ••••••••••.•..•.•• 25.6-
Both.. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 10 • 9" 
Bither............. .. . . . . . . . . . . . . . . .. 1.9" 

•!he comment on these gµ.estions emphasizes 
the fact that the college is better organized to do 
117stematio teaching, ba.t that real knowledge of men anl. 
method.a can.~• had ollly through il14utr1al experience. 
It would seem, however, that mechaJlieal engineers are 
41sposed to give this t1P9 ot instruction less eQJaasia 
than hitherto, and tavor more emphasis on the laborator,-
aspecta than on manual training. llaJ17 express the view 
that the latter :properl7 belongs to the high school 
period and to vacation experience.• 
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De following table was :pre:,are4 troa 

turrioulua Bev1a1on in the Light ot the »cart'• 
llecOJ1J1endations. 6 J.s ean be seen, !able 4 the 

aqgested quarter oredit hours tor she:, work as ••-

pare4 with that aet11&ll,7 given in the aohools shown. 

' ' ' ' ' ' ' 

Currioulua 

' 'Civil Bngineering •••• , I ' --- ' I' ___ , ___ , ___ , ___ , 
'neotrioal • •••• '3-6 
'Kechan.ioal • •••• 112 
'Cheaical • •••• , 6 
'JliJling • ••••' I 
'In4ustr1al •• •••• •---
' ' 

I 4.05 1 9 I 7.5 1 12' 6 I 8 I 

'9.5 1 10.5' 9 '12'11' 9' 
I --- I ___ t -~-' 6 I 6 '--~' '1.05' ___ , ___ , 6 , ___ , ___ , 
' --- '10.1 1 9 '9 '---'11' 
' ' ' ' ' ' ' 

*..l44e4 b7 autllor troa 1934-1981 oataloguea 

!able 5 gives a summa.?7 ot replies b7 a 

n1U1ber et tnioal eD«i,neering aohoola te the question 
1 •What are the general pa,rJoses of ahoJ oou.rseaT• 



College 

KICHIGil 

JIIIDSOTA. 

KISSOUiI 

WISCOBSI.11 

ORIO SU.TE 
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!able I 

'General purposes of ShoJ Oouraea 
' 1 !o illustrate economic methods of 
'production. to aoquaint students 
' with 11&terials and equipment b7 aot-
' ual contact, and the OJeration of aa 
' many standard. machines as l)Ossi'ble, 
'4eao:nstration of labor saTiJJg devices 
'and sl)ecialized machines and auto-
' matios. 
' 
' Principles underlyiJJg the working 
'and treating of •terials; teabnique 
' of processes; Relati~n beheen pro-' oe••••• materials and designs, 
'acquaintance with equipment and 
'economic factors in production. 
' 
' llater1als, equipment and 
1 processes. Some operation. 
' 
' A.oquaintance with tools, machines, 
'materials. Little stress on skill 
' owing to shortness of time. 
' 
' To develop what skill can be 
'teveloped, and all the above. 
' 
' To aequaint the stu4ent with 
' wba t oan be done; how 1 t oan. be 4.one; 
' the machines, tools, and metho4s 
' use4 in the do 112g; . and the nomen-
' olature of the n.bJeet. !his, of 
'oourse, applies to the shaping of 
'wood an4 metals to some usehl 
• purpose. 
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(!able 5 oonol 1 d) 
I 

PED. S!AD ' ' 
!each Production Kethob. 

IOWA UltIV. ' !o acquaint s"tuden ts with 
'materials, equipment and :,rooessea. 
' 

!able 6 1s the SUJDDl&r,- of replies to 

the question •nat required shop courses should be 

o:t:rere4?" 1 

"Required Shop Courses Ottered by Various 
Sohools, Showin& the Students faltins !hem, the Year 
the Course is :Regularly !a.ken, and the Hours of the 
Course Bxpressed aa a Funotion of the !otal Roura or 
Units Required :tor 8ra4u.ation: 

i I uifia 
College ' Course ' Students ' Year ' OTer 

COROLI. 

ILJ.I!IOIS 

, 1 !offered' !otal 

' Pattern Jlaking! II, I, C 
' Introduotor7 ' ' Lab. ' II, I, C . . . . . . . 
' Foundry ' II, E 
' kchine work ' B 
' 11achine work ' II 
' ' 
' Foundry and ' ' Pattern Lab.' ll, B, 
' ' General • • • • • • • 
'¥&chine Lab. ' ll, •• ' ' General ••••••• 
'Ka.chine I,al>. ' )(. 

' Heat treatment' 
' o:t Jletals ' )(. 

' ' 

' ' ' ' ' r 
' 
' ' ' ' ' ' ' ' ' 

1 ' 2/140 
' 1 1 2/140 

2 ' 2/140 
3 '2/140 
3 ' 3/140 

' 
' ' 2 '3/142 
' 3 1 3/142 

Z ' 3/142 
1 

4 ' 3/14! 
' 



(!able 6 eont'cl) 

' t ' ' ttilie 
College ' Course ' Stu4.enta ' Year ' oTer 

' ' •ottere4' !otal 

KICHIGil I :Metal working ' ' ' ' &: !reating ' J.11 ' 1 ' 2/140 
' Foundry ' l(. ' 3 or 4' 4/140 
' Kachine Shop ' )I. &: J..B.' 3 or 4' 4/140 
I ' 1 ' 

1'llDSOli ' Pattern ' 11, o, ¥, ' ' ' ' P, ]). ' 1 ' 2/204 
1 Foundry I Jl, a, II, ' ' ' 1 P.D., Oh.' 1 ' 2/20-fr 
' Forge ' l(, o, E, ' 1 

' 1 P.D., Oh.' 1 ' 2/204 
' Jlachine 1 Ch., e. I 1 ' 2/204 
' )(achine 1 B. ' 2 ' 2/204 
' }[a.chine ' l(. ' 2 ' l/204 
' )(achine ' •• ' 2 ' 3/2<Mr 
' ' I I 

KISSOURI ' Pattern llaki:Dg' •• I, c. ' l ' 2/120 
' Forge and. ' ' ' ' Kachine Shop' JI, I, c, ' ' ' ' Ch. 1 l ' 2/120 . . . . . . . . . 

' Foundry ' ' ' ' Practice •••• I •• ' 4 ' 4/120 
' ' I ' 

omo STA.!E' Founclr;r I JI, I ' 2 ' 3/235 
' A.dvanoe Foun&rf I. I 3 ' 2/235 
' Ketal :Bench ' ' ' ' Work ••••.••• 1 JI, I. I 2 ' 2/235 
' Dllwrighting I JI, I. ' 2 ' 2/235 
' Pattern Jlaking' M, I, E, 1 ' ' CQ. • • • • • • • • • • I Ch. ' 1 ' 3/235 
' Forge & Heat ' JI, I. I 1 ' 3/235 
' Forge & Sheet ' ' ' ' ][etal Work •• ' I, Ch. ' 1 ' 3/235 
' llementary ' ' ' ' Kaohine Work' JI, I, E. ' 2 ' 3/215 
I AclT&.l1Ce4 ' ' ' ' ][&chiu Work! I. I 3 ' 3/235 
' J.d.T&D.oecl ' ' I 
1 ][&chine Work' •• I, II. ' 2 ' 3/235 
' ' ' ' 
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i!able 6 ocmel'4} 
t ' t ' tiiia 

College ' Cevse ' 8hdents 'Year ' OTer 
' ' !ottere4' !o'tal 

WI$00DIJ' ' Pa 1;tern. Jla.'ting: ' ' ' Wel41ng, ' I ' ' J'orge an.a. ' ' ' ' llenoh ••••••• ' ., E, Oh.'' 1 ' 2/1.&o 
' Jlaoh1lle Werle ' •• JV, Ch.' 1 A 8 ' 1/1.frO 
' tool )f&king ' •• ' 2 ' 2/140 
' $ho:, Pro~eota ' •• ' I ' 8/l.frO 
' Problems •••••• ' •• ' .fr ' l/140 
' J'O'llllclrJ' • • • • • • • ' •• ' I ' 1/14.0 
' ' ' ' 

IOW.I UllIT. ! Jl:tg. Proo ease a' •• ' a ' 6/118 
' )If Pro ' . g. · 888888 . •• ' I ' 1/118 • Jlfg. Preeeaaes! Ch. ' 2 ' 8/111 
' Prol. Ketho4s ' •• ' 4 ' 2/188 
' ' ' ' -

PDI. ' Joiniq ••••.•• ! J.rohit. ' l ' 1/111 
' Pro4uet1on •••• ! ., I, :s, ' ' 8!.l!B ' ' •• c. ' 1 41 2 ' l/111 
' leuni.J:17 ••••••• ! 11, I, :I, ' ' ' ' •• a. ' l A I ' l/111 -· 

' :Pattera Jl&lc1JJg' •• I, E • ' 1 & a ' 1/158 
' J'org1Dg ••••••• ! 11, I, ' ' ' ' :s. e. ' 1 ' 1/158 
' Jlaoh. !ool ' ' ' ' Worlc •••.•.•• I II, I, •• ' I A 8 ' 1/152 
' Jlaoh. ' ' ' t Construction' I. ' I ' l/112 
' ' ' ' 
• • Keoh&nioal I • In4.uatr1al 

I - m.eetrioal P. ]). • Pre-lental -
a • 01T11 •• c . • neote-Olutm1atl'7 

Ch • Ohellical .... JI • • J.ero • 
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!able , is a SWlllD&l7 of opinion as w 
the best time to give shop work. 

:ae:pliea to t:be question, "Slln.14 shop oovaea 
be 11Ten hr.1.ng the J'int, Seoon4, !hird or :re,irtll 
Year and n.n• 

I 
CClllije 
COBDIJ, 

IOD. DIV. 

JIIDJ80B 

t 
.. ,11 •• 

' :Daring the first three or all foar 
'7eara. Better 011rricm.lu a:rrang•ent; 
, aore aatietaotor7 results; and ltetter 
'tor the ahtent. 
' -' •ever the ~iret bear beoauae great-
' er 1ues-...t1n epipaent 1, ••••-
' •l"J' tor a larger nlllll,er of sh.tente. 
'Prefer aeeont iea:r lteeause of ltetter 
1 relation with uawins an4 4.esip work. 
1 J'ovth ·7ear Jreterred tor prodution 
'beeauae atu4ents are aonstoaed te 
'make aooura.te reports and general.17 are 
'more 1ntereste4. 
' 
' Some wolic ahould be g1Ten earl.7 to 
'aequ.iat atulellts with -.aterial•• Work 
' in tae latter :,an ot the ourrin.lu 18 
'4es1nble that teelmipe ot operation• 
'&114 aetho4s of ll&llllfaoture 11&7 be 
' ah.41•4 an.A 1ilaa t 'better o orrelatio:a 
' •7 be obta1•4 beheea oeuraes, .n.oll 
'aa desip, eoonoaios, aetallurgy, eto. 
' 
' J'irat and aeoon4 preferable. It 
'leaves aore tille tor &IT&D.oet teoh-
' n1oal work. 
' 
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(!able, conol'd) 

College 

llISSOUlU 
' f ReJlies 

' Courses given in the first year are 
'largely lue to established ourriculUJl 
' an4 program. Courses are given 1D the 
' tourth 7ear to mature students, intro-
, ductor7 to their early entrance in. the 
'tield ot production. 
' 

OlllO Sll!JC ' Shop work should be given duriq 
' the second and third 79ars. J'reshaen 
'are too young ant seniors are too ripe 
'tor best results. 
' 

c. Oonolusions 

A. !he ob~eetives ot shop courses are: 
(1) !o gain a mowledge of materials 
(2) !o gain. a knowledge of shop eperationa 

and technique 
( 3) !<> gain a lalowlectge ot production and 

management methods 
B. !he aim ot shop courses is not to develop manual 

skill but is to enable stu4ents to aetter 
11114erstand how to apply theo17 

o. Shop courses should oome Ul14.er four 11&i:a heatings: 

(1) Jlelting ant casting ot metals 
(!) 7orging and related treatments 
( 3) Jlachining 
(4:) Jeaign and economics of manufacturing 
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». Shop eourses should be closely coordinated with 
other courses 

11. Shep courses should be a o<a'bination of leetu.res 
and laboratory demonstration and practice 

F. Where possible it is desirable to haTe a short 
intro duct or,- shop course in the treshllan. 79ar, 
w1 th actual saop :praetioe in the seoond and 
thir4 years, followed b7 the econoaio a.n.4 
production phases in the senior year 

t. Seae shop work should be rett,i:red in the tollw-
ing 011.rrioula at V. P. I • : 

( 1) Kechanical lblgineer1n,; 
(2) Jllectrical Jlngi:neering 
( 3) I:duatrial Bngineerillg <•> Ohemioal bg1neer1ng 
(5) OiTil Jlngineering 
( 6) )[ining :lngineerillg 
( '1) .Agricul tu.ral. Engineering 
( 8) Ceramic llngineering 
( 9) General :lnglneering 
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III. !Bl IIVESTIUTIOI 

J.. Kethod et Prooedure 

J. stud7 of the shop courses as they now 

e:z:ist at v. P. I. was made after reviewuig the liter-

ature on the sub~eot of shop work in el38ineer1Dg 

curricula. This 1nvolvel a close study of the avail-

able equipment, shop la7out, exercises or praot1oal 

work given, lectures and J1&?1Der of instructing am 

demonstrating the work. As the writer had more shop 

work, as an undergraduate, than 1B :now given at 

V. P. I. , additional work being taken onl7 last 7ear, 

it was comparativel7 eas7 to study the present set 

up. 

J.t'ter beoomi:rig familiar with existin& 

practices the next step was to make motion. am time 

studies of the work as now given. fhis was no simple 

matter beoause of the intangibles, suoh as indecision 

on the pa.rt of students as to the proper sequence of 

operati_ons, which tools to use and inabilit,. to 

1roperl7 read blueprints. Instructors are not avail-

able at all times because of the repair and main-

tenance work done in the V. P. I. shops. Where 1 t 
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was impossible to get a complete study ot an eze:rcise, 

the synthetic method was used. By the use ot job 

analysis and past performances a oomparatiTe].J" aeeur-

ate stuc1y could be ma.de. An example o:r this is in 

milling the teeth on a pinion. It one pinion on which 

a stuq had been made had ao teeth and the time for 

cutting each tooth was 0.90 minutes and the time for 

indexing to the next tooth was 0.10 minutes, then the 

total time per tooth was 1.00 minutes or 20 minutes 

for m6ll1ng the pinion. Another pinion ot 40 teeth 

would take twice as long, or 40 minutes. 

These studies were used for determining 

·the time lost by the student due to the causes 

mentioned. By a earetul amly:sis of the time studies 

simple and positive means o:r increasing the amount of. 

work done in a given period ot time were :found. It 

might be added that the amount o:r work done this yea.r 

has been increased to some extent over that done last 

year. The psychological effect of this stuq being 

made probably had something to do with this. 

!he next step was·to study methods of 

increasing the effectiveness of instruction, demon-

stration and the shop courses as a whole. This was 

accomplished by comparing methods used at V. P. I. 
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with those used at other oolleges, alwqs keepi»g 

in mind the tne ot student, the location, equipment 

and purposes ot the courses at the T&rious engineer-

ing colleges and at v. P. I. !his into:rmation •• 

obtained from the college eatalogues, from infomatien 

published tn the various magazines and from i:ateniewa 

w1 th graduates of other eolleges. 

I:a general a shop eolµ'se of the productio:a 

tne woul4 not be practical at v. P. I. It is im-

possible to aoco1111odate all the students 1n the 

· l'o'Ull4ry in one quarter, in the forge shep the next 

and in the machine shop the third quarter. Some ot 
the students :must start in the maohine shop and some 

in the forge shop. It was thoaght best to have 

definite exercises which 4emonstrate4 the basie 

pialples rather than have the students make some 

obJect such as a Tise, motor or sorew ~aok, ~eoause 
in ma.king such an ariiole too mueh ea:,hasis 1s likeq 

to be put on produei:ag the article 1 tselt rather t:b&B 

on the un4erlying pril'lciples. 

!he castiJlg,s for all the exercises made 

from cast iron are cast in the :rmm117. It is hoJei 

in time to have suitable dies to make small forgings 

which oan be finished in the machine shop. !his 



-82-

will increase the sim1lar1 t7 to the work of a pro-

duction shop. 

Incentive to do good work is obtained 

through the students' knowing that the t1nishe4 
' 

artieles are to be used by other students 1n the case 

of castings and that the maobilled exeroises are to be 

graded and ill some cases stored tor sale or tor use 

in mai11tenanee work. 

:B. Results and ])llscussion of .Results 

Jlaohine Shop 

!hirty-ti ve peroent of the time of each 

student in sophomore shop work ancl twent7 peroent 1Jl 

JUllior shop work is lest due to the students not bow-

ing the sequence of opera ti OJlS a.114 the tools to be 

used tor each .exercise.. This was fo"tll'ld to be due 

mainly to not having sufficient instruction, proper 

4emonstrat10Jl and proper drawing a?Jd operation sheets. 

Under the present set up it is nearly 1m:po~s1ble to 
give :pro:per de11011strations. Under present 001141 tiou 

about fifteen students cather around an instructor at 

a lathe or other machine out 1n the shop, an4 t~y"to 



-11-

see and absorla what the il'l.Structor does or sqs. 

In some instances only :four or :five students are given 

demonstrations at one time. This is a waste of the 

instructor's time, and each student does not receive 

the same instruction. If there is any noise or oem-

motion 1 t disturbs the instruotor and attracts the 
student's attention. This is 'oontinU&l]1' happelling 

because of the repair work done b7 tlletshop instrao-

tors. 
!he best wa7 to overcome this is to have 

a combined lecture and demonstration room. !his room 

sho11ld have tiered seats so all students eould see 

what is being done and at the same time oould take 

notes. !his room should be used :for all 4emonstra-
t1ons and laboratory- instruetions. Where possible 

the room could be used for leotures as well. 
!his change would be made :for appro:ximatel7 

$600.00, not including chairs, b7 remoTing the 'balooJQ" 
:from room ..l-2 to the store room, thus allowing all 

materials to be kept in the one room. !hen. remove 

the partition :from between rooms ..l-2 and A-1. !his 

would give plent7 of light :from the s1cylights ani. 

these BQ"lights could be made movable to allow 

ventilation. All the demonstration could be done 



in the norihwest end am the tiered seats plaeed 

in tbe southeast end of the new room. !he roe• should 

be equipped with electric outlets so machines could be 

moved 1:m:to it ant plugged in. Installation of a ••11 

proJeotion_mehine and screen will increase the etteet-

iveness of lectures and demonstrations. All equipment, 

other than large machines, such as gages, straight 

e4ges, su.rf'ace pla•es, etc., could be kept in this 

room in cabinets and ued dur1l'lg daonstrations and 

lectures. A displq rack oontainiD.g all exercises ill 

rough, semi-finished anl fi~shecl. eondi tions would 'be 

of aid. to the students also. !his would eliaina:t;e all 

confusion during leetures and demonstrations and all 
' students would get tbe same amount of 4emonst:r:ation 

UJ1der mueh more favorable conditions. .Another reault 

would be that of ha.Ting all stores and materials 1n one 

place, which would aave time an4. avoid confusion. 

!he work sheets, shown in Append!% 2, will 

eliminate 'the time lost -.7 the st11dents d11e to in.-

decision. as to the correct sequence of operations ana. 

as to what tools to use. !hese sheets sea to l 1e ill-

oomplete but they are left this way tor several :reasons. 

!he o:perations column has no explanation or detailed 

i:ntormation because the student ehould a.o some thillking 



for him.self in ap:plJ'ing what he•••• and hears 

during the 4em.onstrations. !he tool eolllllll is 
o~m.plete so far as the DU1es of the tools to•• use4 

are oonoerae4. !he •teed an.4 feet eol'\1JIID.8 are left 

Taeant because it is thought best to haTe the ah.4ent , 

oa1cu1-.t, his own a:,eeU and feeu for the •oh.ine, 

lciD.4 of tool an.4 lcind of material uae4. !he tillle 

oolum is left ncant beoause there has been no 
op:,ortuni v to atuq the exercises 11D.4er the new set 

u:p. It is auggeste4 that this colwm l>e filled ill 

wh~n suitable a1n14ies haTe been made so the stu4enta 
' will lcnow the tiae required to 4o each ~olt. 

It will be noted that the student will 

know at the begim11ng of the period Just what tools 

he will nee4 an.cl oan o~tain these tools when he gets 
his tool box. !&is will the neoessit7 of a 
aan. sta7ing in the store ro• cluriD.g the lalaorato17 
:period as is :aow lone. It will be beat · to ha Te the 

atua.ents given their tools at the 'begimdng of the 

:,eriocl; the assistant ean then go out into the labor-

ato17 to aelJ in the instnotion. .At the en4 of tlle 

:,eried the aasistu1:t can return to the a"t;ore :reea 

ad reoeiTe the tools as the7 are ret1111"Jle4. lJl thia 

1J&7 there will be •••4 for a man in the store rooa 
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•nl.7 the first ant laat fitiee• aiJW.tes of eaoh 

labora tor'7 ,eriol. It aJ)eoial tools are uelei. the7 

aa7 •• obt&111.et "7 &JQ' ot tu 1D.nruetor1 • 
. Soae.Mmttention te tae work ad tu r,nl.t-

1DC loat tiae 1• 4u to the :reJair work wbieh is 

oonatant~ lehlg 4.0D.e 111. the aaolt1D.e ab.op. !o OTer-

••• this it is augpate4 that tu two 1-7• 
of the shop be :,a:rt1t1cm.el etf ant that one of tae 

a1111DC aaeh1:nes, a Pl&ll lathe, the gas welUng 

equiJaent a:a4 neoessa17 tools be a0'9'e4 to this J&l"t 

of the ahoJ. !here will in -3-1 p:roiabill t7 be •••••ne 
1l1 til.is part at all ti•••• b oase there 1a no one 

there a )ell eould lie installed to eall one of the 

ahoJ) aen. !his would el1ail1ate aost ot the noise aal 

oontuaia 11h1csh 111.eTitabq attraots the attentio». o:t 

the students. J.t tae sue tille it will facilitate the 

re})air work beoause the n.eoessary tools wlll ~• eleae 

at ll&D.4 ant not aoatte;rei. &I tla.97 11.n are. 

!h.e ooul4 •• arran«e4 to 'better 
aa.vu.tage 'b7 haTiJlg the lathes sw.,cerel ani. 1B a ao:re 

ooqaot grou:,, instead of in no long rows as thq n.ow 
are. !his wouJ.4 neoeasitate the 1Datallat1on of 1n41-

Tiiual aotor Irina•• all la-thee. ID.stalling 1n41T1-
dual aotor driTea would 4eorease the :,ower oonB111lJtt1on 



and would eliminate the expensive shatt and belting 

system now 1n use. !his would allow the benehes to 

be grouped and not seattered over the entire shop. 

Dallger from tl7ing pieoes ot iron from the ohippillg 

operations would not be so great. !his would talce 

up less room and would make it possible tor the 

instructors to get around to each student more often. 

Another advantage ot this chanse would be that the 

students would not be :taciDg the glare and heat ot 

the afternoon SUl1 through the southwest windows. 

It the present shop layout is to be kept 

a traTeling ladder with a 811&11 platform am run:niDg 

between the two rows of lathes as the7 :now stand would 

save fort7 percent of the time it now takes to oil an4 

grease this equipment. !his time is :now consumed in 

mortng, asoen41:ng and descending the hand ladder. !lua 

traveling ladder would also make it possible tor each 

student to oil his own mach1ne17 and would facilitate 

aalcing repairs to the equipment. 

Under the present l,qout it is suggested 

that the southwest windows be either Jainted or 

:turnished with shades so that the heat and glare troa 

the afternoon SUJl will be eliminated. !his would 1tot 

be neeessa?7 1:t the la7out were changed as prenousl.7 
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nggeate4 • . 
Other n.ggestio:na whieh would increase the 

e:t:teotiTeness ot the :maehine work 1U1ier the present 

or suggested ehep lqout are: 

1. Equii, eTerJ' student with high s:,ee4 
steel round nose and threadiD.g tools. !he 
present carbon steel tools could be usel tor 
special tools as they are needed. 

2. ht small shoi, built shaper 1n 
oon4it1en to relieTe :,resnre on existing 
shapers ui to b;e used 111 d4'mo11st:rationa. 

1. J'ix sq-lip.ta so they aan be rea.41~ 
epened and shut to secure proper Tenti~tion. 

4. Place automatio switch on air eom-
pressor ao ooqressed air will be &T&ilable at 
all tiaes. 

It is reeoll.lladed that a oeurse ot the aill-

Wl!ighting nature be giTen either the 8\Ulllller l)etween 

the aophoaore an4 31m1or 7ears or cl.~ing the 3,mior 
I 

7ear. !he students should be allowed to 41saa.ntle, 

clean., re1>air a:n4 assemble machinery. !he course 

should also include pipe :tittuag, babbet1:D6, sora:,i13& 
and titting bearings and other simple maintenance an4 

re:,air operations. !his would turnish a rcnm.4.1.Dg-ou.t 

course and should be gi Ten to the •ohanioal ant 
industrial engineers enl.7. Buch a course woul4 

hrn1sh a good backgrolll1Cl :tor the 31g and tirtiure 

4.esign, pre4uotion :plan:n1ng an4 aotion and time ataq 



oourses. 

!he e0urse for the machine shop as out-
lined presupposes th.at the lecture and clemonstration 
room has been obtained. \Yi th this in mind 1 t oan 

easily be seen how such a course would be a big 
improvement over the present one. !he course aa 

outlined oan be shortenei or lengthened. to suit the 

needs of the ourriculum. and needs no further 
explanation. 

Outline of Machine Shop Coarse: 

Perio4 #1. 

Lecture on machine shop development and the use of 
the machine shop today. 

Period #2. 
I,eoture on the care of machines and cleanliness in a 

machine shop (emphasizing re3ect1ou due to 
clirty :machines. 

Lecture 
A.. 
B. c. 

Leoture 
A. 
B. o. 

Period #S. 
on lap:ng out work--
tools uae4 
Correct procedure 
When used 

Period #4. 
on chipping, filing and scraping--
tools usecl 
Correct procedure 
When usei 



Lecture 
A. 
B. a. 
». 
E. 

Lecture .... 
]3. c. 
:a. 
11. 

Leeture 
A. 
B. 

Period #5. 
011 kind.sot cuttinc tools--
Carlton eteel 
JI1gh •»••4 steel 
Stellite 
!ulgsten an.4 tantalwa carbide 
Carbo:rmula 

Per1o4 If,. 

on oare ant sh.arpeniDg of cutting tools--
For oast 1ra 
l'or steel 
J'or ltrass ani. lroue 
:ror aluainum allqa 
J'or other allo7s 

Period '1. 
on measuri?lg 4eTices and )heir uaes--
Cali»ers . 

1. Inside 
2. Outsil.e 
3. !bread 

:a. 1[1crometers 
1. Inaile 
2. Outa14.e 
I. !hread 

a. Special measuring deTiees and gages 

Lecture on Lathes--
A. Bpeel. lathe• 

Period #8. 

1. Oi,eration 
2. u, •• 

B. Bngine lath.ea 
1. •eoh&111sa 
!. O:,e:rat1o• 
3. !.ools 
.fr. Uses 



I,eoture 
A. 
13. c. 
]). 

Q111z. 
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Period #9. 
OD turning and tittiq--

OU. tsi cle turning 
Ins14e hr!ling or bori»g 
l'aoilag 
Correct Foeeiure eel sequenoe 

ot o:,eraticm.s 

Period #10 

Period #11 
I,eoture on thre&41ng--

.1. :,orms ot threads 
13. Uses ot threa4s 
e. St:reqth ot threads 
D. Calculations tor threads 

Leoture 
.A.. 
:B. c. 
]). 

Perio4 #12 
oa threa41ng--
Row to set aachine 
Ooapoun4 gear111g 
Kcnr to set tools 
Kethoda ot thre&d11JB 

Period #11 

Lecture on turnillg an4 threadiJJC--
.1. beets 
13. Pee4s 
a • »epths ot eu:I 



Period #14 

Lecture on shaping, planniJJg and slotting--
A.. Shapers 

1. Kinda 
2. Jlechaui am 
3. Uses 
4. Procedure 

B. Planers 
1. Kinds 
2. Jleoha.ni sm 
3. Vses 
4. Procedure 

c. Slottera 

I,ecture 
A.. 
B. c. 

Lecture 
A.. 
:B. c. 

1. Xini.s 
2. trsea 
3. Procedure 

Period #15 

on milling machines--
!Jlles ot ailling machines 
Uses ot ailling machine• 
Cutters 

1. !yJes 
2. Uses ot va.rieus cutters 

Period. #16 
on milling--

Speeds and teeds tor T&rious metals 
Lubricant 
Setting up machines 

Period #1"1 

Lecture on gears and gear cutting--
A. X:inds ot gears 

1. Uses 
2. Calculations 



B. aut1;1llg geare 
l. :r.aea..-tooiih method 
2. JWna-generating aethol. 

Period #18 
Leeture on irilla ant trilllng--

J.. X1n4.a ot 4r1118 
B. 2Jpeeeaa and teeda o. When to use 4l"1.lls 

Perio4 #19 

Period #20 
Leoture on ~ori:ng and borinc m.a.ohinea--

J.. Kinds of boring machines 
:a. When to ue 
C. 8Jee4s an4 feels 
D. J.Uiliary equipment 

Leoture 
J.. 
B. e. 
D •. 
•• "'· 

Periol #21 
on grin4era--
lJD1Teraal gr1:n4ers 
~lain grinura 
Oenter1eaa grinde:ra 

·Cutter grinders 
Special grin4ers 
lloning maohiua 

Per1o4 #28 

I,eotu.re on gri:n41ng--
J.. Grin41ng wheels 

1 • .ll>rasives 
2. Bi!lhra 
I. Uses 
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B. Seleeti:ng oorreot wheel 
C. Setting and ad~ust 1q maohin.e 
l). Spee ts and rate o-:r grinding 
:s. Lubrioants 

Period #2S 
Leoture on. reami11g and broaching 

J.. llaohines 
B. !oola 
C. trees 

Period #24 

Leoture on safety and safety devioes used in the 
ma.chine shop. 

Period #25 

Lecture on automatic maohines--
.A.. Automatic an.cl turret lathes 
B. J.utomatio and multillatio millers 
C. J.utomatio grinders 
D. Screw outt 1ng machines 
E. Other automatic machines 

Period #26 
Lecture on apeoia1 operations--

A.. Eccentric and taper turning 
B. burling 
C. Poliahing 
D. Use ot taps and clies 

Period. #2'1 

Lecture on the uses ot special tools and firturea--
J.. )[agnetio chucks ». Jigs o. surtaoe :,lates ancl straight edges 
D. Gages alld gage blocks 



LaboratorJ' Period #1 

General 1:nspeotion ot machine sho:, 
.A.. 'IA7 011.t 
B. tJ'ses and names of the T&rious maehinea 

I,abora tOrJ" Period 12 
»eaonatration aD4 praotioe 1Jl la7 ou.t work 

liaborator7 Per1o4 #I 
])eaonatration an4 praotiee in ohippiq, tiling ant 

aoraping. · 

J,aborato?7 Period ff; 

l>emonstration ot la1;he work, 1:nclu.41:ng oonstruotio:n 
ot lathe, how to tUl"ll a:n4 thread. 

Laboratory Period #5 
:Demonstration ot planing, sbapiq and alott1Dg 

IAborato:?7 :Period #6 
Demona1;rat1on of milling~ 

L&borato?7 Per1o4 '#'I 

Praotice in chippi:ng (oaat iron bloeks). 



Laboratory Perie4. #8 
Practice in filing (east iron 'bloek). 

Laboratory Period 19 

Praotioe in soraping ( east iron blook). 

Laboratory Periocl #10 
Praetice in lathe work. 

Laboratory Period #11 

:traot ioe in la the. wolit 

Laboratory Period #11 
Demonstration of turret lathe. Praotioe in lathe work. 

Laboratory Per1o4 #11 
J>eaonstraticm of automatic, lathe. Practice in lathe 

work. 

Laboratory Perlo4 #14 
Praotioe in general •chine work. (Shaping, ailliq 

or slotting an4 lathe). 

La'boratoey Per1o4 #15 
Practice in general mao.hine work. 

I,aboratoey Per1o4 #11 

l>eDlonstraticm of B1lgram gear shaper. Praotiee ia 
general machine work. 



J;abo:rato17 Per1o4 #17 

Practiee jn general ]!1&0hine work. 

La.bore. to17 Per1o4 #18 

Inspeotion o:t p;rio4uota o:t maolliu wor:t ana. atuq 01 
causes of 4efeeta and r•~•o"tiou • 

.A.ll of the aoul41ng now 'beillg done in the 

founa.17 is clone 011 the floor. !he studen"t has to 4o 

a lot of be1141ng, stooping and kneeling ill orcler to 

11&:te the aolcls. !his 1s tiresome an.4 slow. As most 

et the patter.as an4 flasks are small this work eftl.4 

be lone on a aoulcling table. Bu.oh a table has 'been 

tes1pe4. !he pl&J1S tor the table are in the 11.&nds 

of Professor Iorton. 

!he table is double, to allow of atui.e11ts 

working on both sides. !he work benohes are 10 1Jlohea 

high 'by 18 inehes 4eep aJld. the 'tiable is 10 feet lone, 

whioh proTidea room tor from suteen to went7 atudaD.ta. 

Se:,arati:ng the wo work 'beneh parts is a ••11 shelf, 

12 inehes tleep and 20 in.ob.es above the working leTel, 

:a-nnning the entire length of the table. !his shelf 
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is to support the tool boxes of the students. !he 

~ront and baok of the work benehes are open so the 

sand can be brushed. or n struck off" and then r•ovecl 

from under the table. !he table is to be made of 

steel angles welded together, with wood tops. !he 

estimated cost is $125.00. !his bench will save frea 

fifteen to went7-five percent of the time now oon-

SlDled in moulding and the work will not be so tiring. 

!his will allow the students time to make larger floor 

moulds, which is not now dou • 

.Another phase which is not suf:ticientl7 

considered at this institution is that of cleaning, 

inspectillg and studying the oauses of defects in 

castings. It is better to prevent defects rather than 

to correct them after they occur. In order to prevent 

the causes of reJections in castings a study of defects 

1s necessary. !he two laboratory periods following the 

iron cast should be speut in cleaning, inspecting anl. 

studying the defects 1n the cast1DBs. As most of the 

oastings are to be used, this will be an easy and in-

expensive way of having them cleaned and will also 

familiarize the students with defects and their oauses. 

As all f 0UJ1clr7 men know, the kind and eon-

41 tion of the sand plays a very important part 1n the 



:production of good castings. This is as 1Qortant 

as moulding and pattern design and shoul4 be stutl.1e4 

as tar as is possible in the limited time available. 

J:t least one whole l&boratory period shoul4 ie spent 

in tempering and preparing the sand so that the 

effect of' too JaUch or too little moisture or too mu.oh 

or too little ola7 can ieeaeen. Other things auoh aa 

the proper ola7 and size e.ud sha:pe of' sand graill pla7 

a large part in the production of' good castil:lgs ant 

should be studied. 

Io pattern design or pattern ma.ki?Jg ie 

taught at v. P. I. now. This is as important a 

phase of' f'oUlldry work as is the Jll.ak1ng of' moults anl 

should be taught 1l'1 one of two wa7s. 

Pattern malcing can be taught in the wood 

shop by having the stuclents actually build or make 

patterns. This 1s a long, oost].J" process requiring 

a first class pattern maker and costly tools an4 

equipment. If' there were a lot of' time which could 

be allotted to this work, this would be the best wq 

to give the course. Because there is no large amount 

of' time available in 'the f'olmdry too muoh time would 

be oonSWBed in making Joints, sawiDg, h&Jmaering and 

general carpenter work. Very little of' the theory 
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of pattern design would be learned. 

!he ideal way to teach pattern design in 

such a short t 1me is to have the werk done in a 4.raw-

ing room on paper. Io time would be lost in haviq 

the eta.dents 1earn to use tools. The theory of 

pattem 4es1gn oould more easily be presented because 

it would be a combination lecture and laborato?7 

eourse given in the S&Dle room. This would be a far 

less expensive and better way of teaching pattern 

design than having the students aotuall.1' eonstra.ot 

the patterns. At the same time more teelm.ioal 

lcnowleclge such as shrinkage and finish allowances, 

mber of castings and other economic phases of 

design in relation to moulding and casting eoulcl be 

taught. 

The outline of the foundry course, to be 

given the sophomore year, needs no further exi,lana-

tion. !his course oan easily be shortened, leqthened, 

or changed to meet oba.nging c011ditions in actual 

foundry Jractioe. 



OU.tli:ne ot 101U14.ry Course (:r.eotu.rea): 

Perioi. fl. 
:r.eoture o:n the history_ of foUlld.1:ng a:nd the use ot 

castings. 

Period :#2. 
l,een.re 011 fcnmdi?Jg equipaent and tools 

J.. Patterns 
l. One pieoe 
2. S:,11t . a. Parting line 
,. >ra.tt 
5. Core 1r1nt 
6. )(atch :plates and gated patte:r.ns 

B. :naalcs 
1. :Drag 
2. 001• a. Cheek 
,. ln&J 

C. Kiseellaneous to ola 

Period #8. 
Leeture on aoula.iJl&--

.l. X1nda o t· anllillg 
1. Be:noh a. J'loor 
a. ~t 
-'• LOD/. 
c;. llaclliu 

:a. Prooess ot a811ld1ng 

Periocl #4. 
Leotu.re on aoullillg aanla--

.l. Coaposition. of :natural an4 a7Bthetio au.ta 
1. la1l4 grain 
2. Clq 
3. Water 



B. Properties of moulting sand.a 
1. :Bon.I strength 
!. Peaeab111t7; z. Btfeot of moisture 

o. Preparation and oare of moulding san.4.s 

Lecture 
.I.. 
13. 

Leoture 
.l. 
J3. o. 
D. 
E. 
F. 
G. 

Period #5. 
on. oores a.n.4 o ore sands 

Core baxea 
Xillds of o ores 

1. 011 aan.d 
2 • Green. san4 
3. >rr aua. 
-&. l,oaa oorea 
5. Si,eoial aixtu.re s 

Period #6. 
on. machine moulding equipment 
8quezer tn,e machine 
Stripper plate machine 
Jolt maohin.e 
Permanent molds 
»ie casting machines 
Band slinger 
Foun4ry ooDll8yor systems 

Period #'I. 

:r.ecture on safety and safet7 appliances used 1:n. 
fcnmb"ies. 

Period #8. 
Lecture on. n.cm.-ferroua foun.cling 

.l. l3raae 
1. Composition 
2. Jlanu:taoture 
a. Properties and uses 



13. :Bronze 
l. Composition 
2. Kanutaoture 
3. Properties and uses 

O • J.lum.inum allo7s 
1. Compos:ition 
2. llanutaeture 
3. Properties and uses 

D. Other non-ferrous casting allo7s 

Period #9. 
Lecture on non-ferrous melting tu.maces 

J.. Oruc 1 b le 
:B. llon-erueible c. Electric 
D. Gas, oil and oolce 

Periocl #10 

Quiz. (Including laborato17 work) 

Lecture on iron tollllding 
J.. Pig iron 

l. Composition 
2. llanui'aoture 
3. Classification 

:B. Gray cast iron 
l. CClltl>OSition 
2. Jlanutaeture z. Properties and uses 

e. llalleable cast iron (cast as white iron) 
1. Coaposi tion 
2. l[amd'aoture 
3. Properties and uses 



Period #12 

Lecture on steel founding 
J.. Cora:,osi tion 
B. )[e.mitacture 

l. Bessemer 
2. Open hearth z. Eleotrio 
4. Crucible 
5. Dllplexing 

Perio4 #11 

Lecture on meltiDB 
A. Cupola 

l. Use 
2 • .Advantages and disadvantages 

13. J.ir turnaoea 
l. Use 
2. Advantages and disadTantagea 

c. EJ.eotrie :fu:maoea 
1. Use 
2. Aclvantages and disadvantages 

D. Open hearth furnaces 
l. Use 
2. Advantages and disadvantages 

E. Rotary furnaces 

Period #14 

Lecture on refractories used in founding 
A. IC1nds and composition 

l. Ac14 
2. :Ba.sic z. lleutral 

B. Properties and uses 
1. Expansion 
2. Porosit7 z. Strength 

c. Coat 
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Period #15 

Lecture on pouring and casting practices 
A. •on-ferrous 

1. Brass 
2. Bronze z. Aluminum alloys 
4. Others 

B. Ferrous 
1. Cast irons 
2. Steels 

Period #16 

Lecture on defects ant wealcnesses o! castings 
A. Incorrect moulting 

1. •on-ferrous 
2. Ferrous 

:B. Improper pouring practices 
1. 1'011-terrous 
2. :rerrous 

Period #1., 
Lecture on defects and weaknesses ot castings 

J.. Du.e to cores 
1. Ion-ferrous 
2. :ferrous 

B. Other eausea 
1. 1'011-ferrou 
2. Ferrous 

Period #18 

Lecture o:n cleaning and inspecting castings 
A. lquiJaen t 
B. Oost 



Lecture 
J.. 
B. a. 
D. 
J:. 
F. 
G. 
H. 
I. 
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l'eriot #19 
on physical properties of cast metals 
Strength 
We1,;ht 
Resistance to shook 
Jlongation 
Harb.ese 
Wear resistance 
Corrosion resistance 
lllectrioal properties 
Cost 

Period #20 

Q'Uiz. ( Including laboratory worlct 

Lecture on importance of patterns to economic 
production of castings. 

Lecture 
J.. 
B. c. 

Period #22 

on pattern design 
])raft 
Fillets 
8hr1 :nkag• 

1. llrass 
2. Bronze z. ilumi:nUJa 
4. Cast iron 
5. Steel 

J>. Allowance for finish 

Period #.3 

Lecture on patterns 
J.. !ypes ot patterns 

1. Solil 
(a) Requirillg 2 part flask 
(b) lie quiring 3 or more part flask 
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A. (cont'd) 
2. Split patterns z. Skeleton pattems 
4. llatch plates and gated patterns 

Period #24 

Lecture on woods and ccmstruotion of wooden patterns. 
A. Woods 

1. Kind 
2. Seasoning an4 grain 

B. Construction 

Lecture 
A. 
B. c. 

1. lllwe4 up stock a. :Diak construction 
3. Ring work 
4. Conical work 
5. Core box construction 

Perio4 #25 
on metal pattern equipment 
When to use metal patterns 
Katerials used 
l>esign of permanent molls 

Period '#26 

Lecture on pattern finish and storage 
A. Finishes 

1. Shellac 
2. Lacquers 
Z. Paint 

B. Storage 
1. Order and system 
2. Humidity and temperature 
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Lecture on eeODOJQ' 
.A.. lle4es1ga of parts 
B. Woocl vs. ••tftl patterns c. Quantit7 of castings 

Period #28 

Quiz. (Including laborator7 work} 

Laborato17 Period #1 

Inspection of laboratorJ" and deaonstration of the use 
of the equ1Jment and tools. 

Laborato17 Period '12 
Practice in ramm.ing and molding small 'bench 11014. 

Laborator;y Period '#3 
Deaonstration and praetie·• in tempering sands. ll&ke 

am.all bench mold illustrating various methods 
of gating. 

Laborato17 Period #4, 

Demonstration of core making. Practice in the Jl&king 
of cores. 

Laborator7 Period 16 

:Demonstration of moulding maeh1l\le. Pra.otiee ill 
aouldillg with split Jatterns. 



LaboratorJ" Period #6 

Small brass east. Jlaking bench mold with :parting 
line pattern. 

L&borato17 Period #7 
Small aluminum cast. Kaking bench mold with a split 

parting line pattern. 

LaboratoX7 Period #8 
Jlaking a •enoh mold with a oom:plicated pattern 

inTolTing cores. 

L&bora to?7 Peri o4. #;9 

J'loor aeUiing practice w1 th large :tlasks &114 patterns. 

L&borato17 Period #10 

J'loor and 'bench moul41Dg. Kaking moulds for iron cast. 

Laboratoey Period #11 

Floor and bench moulding tor iron cast. 

Laborator7 Period #12 

Jlelting and pouring iron cast. 

Laboratory Period #13 

Cleaning and inspection of iron castings. 
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Laboratory Peried #14 

Assignment of simple pattern and design factors 
study sueh as number of castings to be made, 
type of metal, eto. 

Laborator., Period #15 

Start design. Drafting room. 

Laboratory Period #16 

»esign. J>raftillg room. 

Laboratory Period #1'1 

Design. Dra.i'ting room. 

Laboratory Period #18 

Design. Drafting room. 

Forge Shop 

!he forge work now given at V. P. I. 1s 

out of date in so far as too much hand work w1 "th anvil 

and haJ.maer is given. !he main reason for this is the 

lack of adequate equipment to demonstrate machine 

forging. It is advisable to have the power hammers 

and presses :put in condition as soon as possible and 

to have suitable dies made. With this equipment in 
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Oomm1ss1on, power forging can be Lemonatrated and 

some little praetioe may be had. !his will necessi-

tate the purchase of a preheating furnace with 

adequate temperature control apparatus. The control 

of temperature in forging operations is very important 

and automatic controls are necessary for good results 

in demonstrations. 
!here is very little band forg1118 done these 

days. The disappearance of the village blacksmith 

will attest to this f'act. Why, then, instruct students, 

who are in training to become engineers, in nothing lm.t 

hand ferging? It 1a true that some of the theory of 

forging can be gained from h8.11d forging operations. 

)[any of the tools used in hand forging are used in. 

power :forging. For this reason it is best to have 

students begin on band :forging operations. 

Bot all forgil38 operations are clone when 

the metal is hot. !his is especially true of maxq 

small parts for different types of :machiner7, as well 

as small bolts, nuts and rivets. It it is at all 

possible it is recommem.ed that a small cold :forging 

machine, on the order of the :national :forging machine, 

be obtained. 

Another sub~eot which should be included 



in the forge eourses &n4 which ia 0?1l7 touohel on 
at T. :,. I. is welcling. !his prooesa is 'being uaea. 

more ever,- 4a7, and is of the utmost iapertanoe to 

engineering stuclents if the7 are to le well tra1:ne4 

when the7 graduate. !here is plem7 ot room 1D the 
·west comer of the forge shop to install several 
welling tables tor inatruetioml purposes. these 

tables should be so arranged that the flames will not 

be seen b7 other st'Wle:nts working 1D the shoJ. It ia 

mu.oh better to have a central acetylene generator 

with :pipe lines l"lUlJli?Jg to each table than to u.ae 
tanks ot acetylene. !he same generator could be 1UJe4 

to suppl.7 aoet7lae tor •1ntel1&Jlee and repair work • 

.ln OX7gen tallk would be :,laced at each welling ta1'le. 
Electric arc welting should be deaonstra.te4 

and with gas weldiDg. !he equipent tor this 

t;n,e of weldi?Jg is ex:pensive and it is not adrlaable 

to have students do aueh are ••~ding. !he theor;r an4 

technique should be tau&}lt and 4eaoJJStr&te4. 

!here are ether t;n,es et welcling whieh 

should be taught. !he theo.r,- ot these other v:,es 
noh as spot welding ancl theni t welling, is ot value, 

to' an engineer. !Ilia 'theer;r eould be taught 'b7 

leotures,ancl 4eaonstrat1ons ooul4 be given••~• 



posaible. 

Other methods of hot and cold forming of 

metal shou.li be touched uJon. !he theory 1nTolTe4 

and equ1Jment used in extrusion, irawin.g and such 

tormi13g processes should be explained, and where 

possible slides should be used to supplement the 

lectures. 

!he tollowillg outline will furnish a 

basis for starting such a ferge course. .ls in the 

oases of the machine shop and founcl.27, the course 

ma7 be eh&llged to suit va.r7ing con41tions. 

OU.tline ot Forge Course: 

Period #1. 

Lecture on the history of torgiq and the use of 
forgings. 

Lecture 
J. • :s. c. 
]). 
B. 
F. 
G. 

on correct usage of hand forging equipment 
Forge 
.UTil 
Sledges 
lla:mm.er 
!ongs 
Chisel 
Jliscellaneous tools 



Period #Z. 
Lecture on forge tires 

A. llu1141ng tire 
B. Size ot tires 
C. !eaperaturea ». Kind ot :tire 

Lecture 
A. 
B. a. 
l). 
E. 
F. 
G. 

1. OXidizing 
2. liebeing a. lleutral 

Jter1o4 #4. 
on forging operations 
ln.tii:lg; oat 
lJ:paetting 
Bending 
FOl'lliJIB 
Ottaettinc 
:tmi.ohillg 
Riveting 

Period #5. 
Lecture on metals used in forging. 

A. Ferrous 
B. llon-:terroua 

PEtriod #6. 
Lecture en :torging procedure 

A. Calculation o:t stock 
E. Sequence o:t operations 
a. !ools to be used 

Period #'I. 

J.eoture on forge welling 
.l. Welcl1:ng tempera turea 
B. Jlttect ot teaperatures on structure of aeta1 
C. Fluxes and tools 



Period #8. 
Lecture on forge we141llg 

J.. Xinds 
1. Link 
2. la:, s. Jump or butt 

Period #9. 

Period #10 

Lecture on gas welding 
J.. Xinds of gas used 

1. Qxygen 
2. Acetylene 
3. Bydrog8Jl. 

· B. Gas eontaiJ'lers and regulators 

Lecture 
A. 
B. c. 

••r1o4 #11 
on gas welling 
Setting up equ1Jment 
lll111r pipe eonstruotion 
!ips to le used 

Period #12 
Leoture on pa wel4.1Dc 

J.. Teellnique of weldillg 
11. 1. ll&lUU.i»g torch 

2. llandling welding roi &lld flllX 

:a. !eelmique o:t outting 
O. Comparison o:t forge an4 gas welds 



Lecture 
.1 • 
B. c. 
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Period #13 

on electric aro welding equipment 
Tnes of current uset 
.l.dJushent of motor-generators 
!7pes of welds 

Period #14 

Lecture on are weldil'lg 
.1. Technique of arc welding 
:a. Comparison of gas and aro welds 
c. Where to use are welds 

:Period #15 

I,ecture on other weli.iDg processes 
.1. SJO t weldillg 
B. !hermit welting 

Period #16 

I,eeture on amieal.ing 
J.. Pu.r,ose 
B. X1n4s 

1. Full annealing 
2. 8hoi, annealing z. Jlorm.alizillg 
4. PatentiDc 
5. Spherei41z1ng 

Period #17 

Lecture on hardening and tempering 
.1. Ear4em.ng 

1. l)efinitiOJl 
2. Jlow aoooapliahed 
3. Purpose 

B. !empering or drawi11g 
1. l>etinitien 
2. Jlow aoooaplishei. 
3. Pur,poae 



l'er1o4 #18 

Jaeoture on heat itreatiq eciu.1:,ment 
.A.. Furnaces ant h.ele 

1. SUff'le !' 

2. 
Z. Direct flame 
4. :Bath f'U1"JJ.aces 

a. Salt 
'b. Ketal 

:B. Qaenoh1ng ae41a 
1. J.ir 
2. Water 
3. 011 
4. Other 

a. !aperature reoorting iJltat:tnuaen:ta 
1. J.utomat1e 
2. Bon-automatie 

:Per1o4 #19 

Lecture on other methe4s of hardening 
J.. Oarborizing 
B. Case harteni»c 

. 0. OJ'8,ll1iillt$ 
]). 111 tr141Jlg 

Period #20 

Quiz. 

Jter1o4 #21 

Lecture on saf'ety au4 safety appliances use4 in forge 
aheps. 
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Period #22 

Lecture on mechanical forging equipment 
A.. l:Iammers and eleaJling presses 

1. Beard drop hammer 
2. Steam. hammer 
3. Kechanical hammer 

:B. Punches aD4 shears 

Period #23 

Lecture on meehs.nieal forging equipment 
A.. Presses 

l. Cold f o:rai:ng 
2. Bot forming 

:B. Grinders c. Slacking presses 

Period #24 

Lecture on auxiliary equipment used with power 
·forging. 
A. fools &11.d dies 
:B. Furnaces c. Handling equipaent 

Period #25 

Lecture on :national. forging ma.chine. 

Lecture 
A. 
:B. 
c. 

on U•• 
llaterials 

Period #26 

Kind of f org1DC 
Beat treatment 



l,eon:re 
A. 
B. e. 

Quiz. 
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Jeriocl. #2'1 

o:n other methocl.s 
Extrustdln 
J)ra:wing 
Rollil1g , 

..:.. 

of forming 

Period #28 

Laboratory Period #1 

Inspection of laboratory and demonstration of tools. 

Laboratory Period #2 

Demonstration and prae1;ice in building and maintai:n-
img oorrect forge fires. 

Laboratory Period #3 

Demonstration and praetice 1n bending and forming. 

Laboratory Period #4 
Demonstration and practice in drawing out, upsetti:ng 

and offsetting. 

Laboratory Period #5 

Demonstration and practice in punching and riveting. 

Laboratory Period #6 
])emonstratio:n and practice in forge welding. 
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Laboratory Period #'I 

Practice in :forging simple shape. 

Laborato17 Period #8 
Practice in :forging shape involving :forge welding. 

Laborato17 Period #9 

Demonstration and practice 1n gas weldiJ18. 

Laboratory Period #10 

])eaonstration alld practice in gas welding and cutting. 

Laboratory Period #11 

Demonstration and practice 1n arc welding. 

Laboratory Period #12 

Practice in arc welding. 

Laboratory Period #13 

:Demonstration of annealing, hardening and drawing. 
Practice in making cold chisel. 

Laboratory Period #14 

J>emonstration and practice in other methods o:f' 
hardening. 

Laborato17 Period #15 

>emonstration a~dsjeam and aechanical hammer in :forging. 



Laborat027 Period #16 

Jemonatration et board droJ hammer and clening pr•••• 

Laboratory Per1o4 #17 

Demonstration and inspection of auxiliary equipment. 
turaaoes, tools and lies, etc. 

Laboratory Period #18 

Inspection an4 cleaning forgings. 
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IV. GEIEBA.L DISCUSSIOB 

One of the first problems a 7oung engineer 

faces when he goes to work is that of safety-. Soae 

oolleg-.s have regular safety courses. There is no 

such course offered at V. P. I. nor is the subject 

touched on in the other courses. Every- industrial 

concern has its safety- d~partment and safety e11gineers. 

Because safety is important, one lecture period in 

each of the three courses is devoted to safety- and 

safety devices. This will bring the subject before 

the student and he can be thinking along these lines 

the rest of his college career and will not be astound-

ed when he is confronted with the subject after he seta 

a Job. 

It is recommended that ten minute quizes 

be given at intervals on the work which bas preceded. 

The quizes combined with tests will serve as a guide 

of what a student is learning. They- will keep hia 

thinking and on his toes, thus he will be more apt to 

learn the theory to be applied. The quizes and tests 

should cover the practical as well as the theoretical 

work. 



While it is realized that the oiTil, 

mining, chemioal, metallurgical and ceramio engin-

eering curricula are not as closely allied to 

industry as are the mechanical, industrial and elec-

trical engineer1118 curricula, they should haTe some 

shop work included. Kany of the gradliates of ti Til • 

11.il'ling, chemical, metallurgical and ceramic engineer-

ing curricula find their wa7 into industrial organ-

izations. Shop courses would proTe of great Talue 

to suoh men. 



V. FilU.L stnlll.Rr 

A.. General Cone lusi ons 

1. The ob3ectives of shop courses are: 

(a) To gain a knowledge ot materials 

(b) To gain a lcnowle4&e ot shop operations 
and technique 

(c) To gain a knowledge ot production and 
mal)&gement methods 

2. The aim of shop ooursea is not to develop DlB.llU&l 

skill but is to enable students to better 

understand how to apply theol"J'. 

3. Shop courses should come under four main 

headings: 

(a) )[elting and casting metals 

(b) Forging and related treatments 

(c) lie.chining 
(d) Design and economics of manutacturing 

4. Shop courses should be closel;y coordinated with 

other courses. 



5. Shop courses shoul4 be a eoabination of 
lectures and laboratory demonstration and 

practice. 

6. Where possible it is desirable to have a short 

introduotor:, shop course 1n the freshm&11 

7ear, with actu.a.l. shop practice in the aeoon.4 

and thir4 years, followed b7 the eoonoiaio ant 
production ]lhases the senior 7ear. 

'1. Some shop work should be required in the 

following curricula at V. P. I.: 

(a) Kecha.Dioal Engineering 

(b) llleotrioal llngineering 

(o) Industrial Engineering 

(d) Chemical Engineering 

(e) Civil Engineering 

( f') lilniJJg Engineering 

(g) Ceram.io Jlngineering 
(h) .Agricultural lblgineering 

(1) General Engineering 
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iJJS. kohin.e Shop 

l. Equipment ot lecture an.4 demonstration. rooa 

would in.crease the ettectiTeness ot'the 

course. 

2. The use ot the operation sheets would aaTe tiae 

tor the students and allow more work to be 

giTen. 

z. It will be 1U.1J1eoessary to keep a man. in the 
store room allot the laborator,y i>eriod. 

4. Partition ott two 'hays ot shop; would in.crease 

work done b7 students and aid in repair 

work. 

5. Rearrange equipment; would aid in increasing 

the ettectiTeness ot the machine shop 
course. 

6. In.stall travelliD& ladder in lathe line to 

facilitate oiling and repairs, and paint 

or tu.rnish shades tor southwest windows 

it present la7out is to be kept. 
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'1. Equip ever7 student with high speed steel 

round nose and threading toola and hol4er. 

8. Put small shop built shaper in oondi-Uon. 

9. )[a]ce sq lights movable. 

10. Equip air comJressor with automatic switch. 

11. Install millwrighting course to be given, in 

the summer between sophomore and ~unior 

7ears or in the ~unior 7ear. 

12. Follow course as outlined or some definite plan 

of at"taok. 

c. J'oun4ry 

11. Bllild moulding table to increase practical work 
done 1n moulding. 

2. Have students clean, in.apeot and study de:teets 

of ,oastings. 



3. Have students stuq aoulding 8&1'14s. 

4. Install course in pattern 4esign, to be held 

i:n drawing room. 

5. Follow oourse as outlined, or some de:ti~ite plan.. 

J>. Forp Shop 

1. Decrease amount o:r hand :forging done. 

a. Put power :forging equipment in 01•rating 

cendition. 

z. Purohase preheating :turnaee. 

4. Purchase national :forging aaohi:ne. 

5. Install gas welding equipment. 

6. Demonstrate and. lecture on arc, spot and the rai t 

weldillg. 

, • Follow course as outlined. 
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Industrial Extension Institute, Inc., J'ew 
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Work sheets to be usec1 in the •achine 

Shop Courae. 





fiommer, Center Punch, Speed 

. "'••· -
Lathe, Do9, Rd. Nose.,. rocin9 

. 

lath,~ Do 9, Thread To~! .... 
... 

• • I . . . . .,. . 
Lqfhe, 01;9, Thrsod.,.rocinf 

. . trr, ,,. . 



No.I. Center _ . Center Punch, Hom;,ar_Jpe11d 
' 

No. · · 
""~ - . 

No . .3. Turn to.51.ze. L ofhe., Do9 R_d./Vo .s e • rqcin9 .,. . 

No.+. Thread As ShowN. LotheJ D~9, S91.1are Thrsod .. . . 
No. . . . . . 

No..3. Bore Hole 

No. 4. Turn Out.side . 

No.S. Threotl-/6per Inch. 

No. 6. race to Length. 

.. . 
. + . . 

Lolhe, B Drin9 1oot, Ins_itle 
. + 

Lathe, Mondre" /)09, Rd. Nose 
.,.FtJcin9 lools, Outside Co/;pers. 

I 

lo tie, Mandrel, Doq~ Threrl(f/J 
.,... 

lathe, Doq, r1Jc/n9 
. . 



o.l Shope .Puts1de. 
Leave .ll"h2 Oversize 

Shaper., Chalk, Scale, 
S9uore1 Scriber. 

Coppe~ Su.lfot-e, S?uore, 

. . .,. 

Lathe, Borlnq oo~ ..5ca/f!.,. 
. . 



No. I. Cenf~r: 

NaZ. Face Ends. 

No. 4-. Face End.s. Loth,,/1ondrel, D091 Facinf 
r 

L afh•i 009, Rt/. Nose Tool, 
. 

No . ..!J. Turn To Siz.e •• --· No. 5. Turn To Siz..e. L of he, Mandrel, 0091 Rr/. NoJe 
.,.. 







,, ' . ... . 

Lath11 Chuc~ Boreinj Tool, No . .3.- Bore Inside. 
. . + ' 

No. 4.- Thread. . 
I 
I • • 

No.5.- Top. · 

No.6. - Finish TurNin9 

No. 7.- Loy Out_ 

z" No. B.-Dr,t, t6 Ho/es. 

1.6.'• . . 

lathe, Boring Tool, Sc.q/e, · 
. . 

Lath•, Inside Threadinf TooL1 

T/Jreod 6a~e+ Special 

.Stf.lndard Pipe Top'-' 

L qt he, Special. Mondre/1 

Rd No~e ~Fa_c1n9 TaQ/~, 
+ 



No. I. ChucK • Face 
I ., 

No.3. Turn Outside Diq. 
Leav1n9 ';f /i' Oversize 

N . .. H O . 

La the, Do91 Rd Nose Toot1 

.Sc a/, e t:J-Outs,de Ca{iper ..s. 

' 

No./. Lay Out and Cham-
.3 II 

No. Z. Clup Sides"'~ Cot 
}z''Groove W1 th Cope 

No:3. File j1de.s '4" 

No. 4. Lay Out-

--
Chalk) Scale; Square, . . . . 
' 
Vice, Hammer; Cqpe 

ChtseL -+Cold Ch1.st1t. 

li'l't:e, Capper Jaws., IL in._ 
. ' 
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