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YQ?TI.?i'E DIFFICUITI$ IW THE FRODUCTICN ?F 
. . CO:'BjlT ArJD f&oT(lR TR,@$SJ'CRT. J@~~Ci,j<S 

,. I 
'. 16 February 1948. 

COT OWL 
\ u j ~Hi~~~~~~~ 

.’ I . Gentlemen, today we start a consideration of produc-,' 
.&ion problems in,various commodity, fields.. 'The first one for considera-‘ ',, 
tion is the problem of tank production, Your .schedui.e doesnot show this, 
but the general scheme we have set' up provides for the present‘ation of 
bbth the ~~:.itary.aspects'alld the industrial aspects of these problems, 
Our' ::.peaker today will discuss production,problems of tanks from the mili- 
tary :point of view, Subsequently, we shall have a talk en tank production 
problems .from the industri,al point of view by Mr. K.. T. Keller of the 
Chrysler Corporation., ., .' 

: :- Our speaker.today 'is particularly well qualified to discuss‘the"subject 
of tank-production problems, having been Chief of 'the Froductida Section of 
the Tank Automotive Center in Detroit, which afterwards became the Office 
of the.Chief of Ordnance,. Detroit,.. At the present tixe hs i,s FJecutive' 
Officer of the TGnk. Arsenal in Detroit. 

.* . ,\. 
I take grcat.:,pleasure 'in introducing Lieutenant Colonel George Vhite, . ..: 

Colc~!le!. whit i3 "I 
:, 3'1 : ., ') : .. ; ,; : : f ; ..: . . 

. 1 C:OLON~~I~:'~~~IT.~';:, Thank you, :Co,!+ne.l Crane. . . .I‘ 
.Captain !S'orthin,gt& a<d members ]of the'Industria1 Zollege ,&the. .' 

Armed Forces: I r;?rish-to humbly ackno$ledge"thie gre5t ,honor.of presenting. 
to you'this talr covering the combat. and transcort vehicle phases~of: 'pro-' 
du&i;ion during BorldhVar II. IIaving' be.;;n &way fro::: t2i.s production'activ- 
ity for abbut'two years and having only,recantiy returned, I feei’ iti”& a 

gryiirld welcome to bz3- asked to deliver such a talk, It ma:i\es ze feel as 
thou& I am getting ri+_;ht back into'~the swing. of thc.production activity 
as I left: it in late, 1945, .,.. .._.. ; ,., ., * '- .: 

'Any. rsf'erenc$ made in .this disouss.isn to spe.ci$'ic n;anuf,acturers or 
sixcific activities is purely intended to.bring out a'.point or to d&on-. 
&rat+ a problem. ' I do not wish to, leave, the.!im$r-zssion that an;;7 .crits-‘ 
cism or praise is intended with resp&.to,any of t&sa activities. -' 

The information I ,pres:&, is -bassd ent~re,ly upon rn~y.c~(n e_xpcrienco. 
I -02fcr you; thereforz ,, IX~ own opin.ions,'and observations..' .I. have refar$t?d 
to certain Statistical.pubiications..pf the Office of th:: Chie,f of Ordnanci 
fok Some data, 'I have also drawn *some data from the boo:<,. "The Industry1 
Ordnance Team,f~:written by Lieutenant General Z..:!lr CampbaX, who,' as you 
know, was our Chiei o of Ordnance during this period, 

Ii .: 



:. The 1st of Sept,cmber 19i+l’was a memorable day to me. It was on that 
day~thrtt -I actually cam3 'into this program. I jcined the Tank and Comb& 
Vehiclz Division of the O'ffice of the Chief of Ord.rmn~@: cn that date. The 
situntion.was essentially as. follows: 

The-Ordnance Dep?rtnent was not then'charged with responsibility for 
a motor transport vehicles. The Tank and Combat Vehicle Division was a 

n'e~ly organized setup, Prior to this, these acti.vities had bet:n handled 
as an. activity in the Artillery Division. HowTtver, the growing import.,nce 
of tanks and comb.:t vehicles 
op:,r:&ion. The organization 
engineering, production, and 

. threG elements were found to 
program, 

I 

m%de it necessary to es%:lbi.i.sh a separate 
then ccn$sisted of three'esstzrlti?l elements: 
facilities. ?";ith minor nhdific:tions, these 
be absolutely essential throughout the entire 

It is my observation that org:Azntion, while very impcrt?nt to snooth 
oper.tion, is not ne;:.rly so important as the prope,r staffing of the organ- 
ization ( .There certainly is no substitute for intclligcnce. The careful 
selection of capable personnel to manage and staff the org:inizaticn is 
axtremcly impori,arit. 

. At this time the hrograms wer. e increasing very rapidly, and the major 
job actually ws ,to find additional capacity and new fAciliti.es.. During 
peacetime lack of funds had prevented our keeping ukj to d::.te with develop- 
ment. Consequently, there were no late designs re2dy to go into produc- 
tion. This meantthat we had to go-into production, do the engineering, 
and ~tually .est~b!.ish facilities all at the same time. Naturally, this 
.lcd,to-many 'Jcrises;l' as we referred to them, 'which in turn meant many 

. ..a. -',ll'olitzti operations in' order tog& production and keep up with requirements, 

' I would like to note here that automotive equipment is never st:?t,ic 
;; in de-sign,. The rapid strides -always made in research of. automotive equip- 

ment nntur,ally cause engineering ch‘angas. It is difficult, therefore, if 
not %mpossible, to have a, designsitting on th,e"shalf ready in -the event 

:,o.f a future K-day. However; ,it is,true that , given sufficient funds to 
' "keep thoroughly abrast of 211 development changes, i>articulerly in regard 

to components making up vehiti1ss.i we can-keep up to d.at< so that the mini- 
mum of time is consumed when actually going into quantity praductioti on 
the .la;tc~st types, .“I .._ : 

: TIL1i.s period (1 September 11941 to 1 October 1942) S3.w the actual com- 
pletion of the establishment of the basic facilities &quired for the 
combat vehicle program, New vehicle designs were @it ,into production 

"later which, in.mo,st cases, required the re&$angement"of the basiz.capac- 
ities >stablished, with 6 minor amount.of addition::1 new equipment. : 

+ : 
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During thi's period.th.&a was .a great denl'of pre,ssure 'from many 
thousands if-mznufecturers (usually small ones; whose- n;:rmal c:;mmarcial 
business W;M disappeering frnm the scene) to get us t!? make ccntracts 
directly withSthem for-the many thousands of comp::nents knd items going 
to make uy curYvehicles. If we had done this, I 'amsurc: the entire.pro- 
ductic:;n grogram for these combat vehicles would have failed, Obviously, 
we w~ui d have had to establish and r>rg,anize a vary cc.mplic.ated system 
nf~scheduling, expediting; and follow-up in order to g&.thzse czmpe:lents 
int.3 the factries in time to be assembled illto the vehicles.. This was 
n:;t f%asiblt2 , particularly when we already had th.c?se big industries wall- 
trGnsd ?nd th:.r;ughly c.apablc of doing that. 

The wss prc:ducticn i:f ::ny complicr<ted item, such as those vehicles 
are,'. must dep-jnd, f-'r the most part, upon the large, w&L-tr:-!ined, mass '. 
producers in our ccuntry. In curplanning we utilized this principle. 
We 2ttemptac-1 t-: channel these smaller mtanufacturers tc: the prime c+n- .'. 
tractors sz th-:t the prime .c&,ract:r could take advantage .:f ?.ny e.vail- 
able cipncitiss in their hands; 

Taking date: from numerous manufDcturers, we found th:lt shout 30 per-s. 
cent of t!le total ccoduction 'of tan!ts was subcontracted; armored csrs, 
1;6 percent; the universal carrier, 44 percent; the cargo carrier M-29, 
80 percent; the l-&-ton truck, 48 percent; the jeep, !+B percent. The 
average was about 5Q percent. In .some specific crises %e know t5T.t our 
prime contractors h?d as many as four to five thousand subcontractors. 
Under those circumstances it was a terrific job to.schedule, plan, znd 
expedite the. production of .components going into :: compiic&ed end pro- 
duct and to trrlin some of the subcontractors in such production. 

The problem of.utilizing smaller:war plants, cf course, we.s \rery irni 
pcrtant to our national economy; Kany of these pl?.nts Possessed critical 
e'quipment, and scme of them possessed critical trained Iranpowtir, Not IL.0 
have used them would h.ave meant a definite waste. Consequently, we' did 
procure -~.Erectly~from many 0; p them'.itsms which were not go2ng intothe 
assembly of end-product vehicles and which were used for spsres or v~aid 
ous and sundry other purposes. 

i ' I, a 

The principle of procuring a compl&e vehicl e from a m::jor manufacturer 
is very, very.sound. Ye did find, ho&ver, that in many cases of major .:j 

:cbmponents, such as engines,:tr.ansmissions; armor plate, armor castings, 
and so on, it W.?s much more .economicsl .and.faster <for us *to actuQ.ly i'n- 
itiate'thi: orders i."c'ith the.necassary man.ufacturers.tocprovide thy national 
capacity for all of the end-product manufacturers to meet their schedules, 

.' ,' i 
In' the earl;r st:Lgcs we procured vehicles less certGn ds' th,ese asse& 

blies and, at,tempt;d' to supply these assemblies, We i!mzdi,ately ran into 
the same problem of scheduling, Yex$editing, and trzA.ng to got into the:,- 
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some cases these components were critical .and for capacity on thti end 
product w the :&u:l.l assembly of the vehicle. In tht: case of heavy 
trucks, the requirements were many timzs over the capacity. 

“1 r.e nlso. r:in into a new thing here, and that VKLS the normal competitive 
spirit of the industry. And, believe you me, it is z very j<a.lous compet- 
itivd spirit. Cften the highest type cf coordination w:;s required in order 
to get mnufacturers to givt: and take where it was necsssq.ry and desirable 
to rtccom>l.ish the fins1 end result to the best ndvantnge of ,211 concerned. 

Thc2 f.?cilities cost for the transport vehicles plus the comb& vohiclzs 
wss ::bout $8~0,000,000 for th.at part procured by the Sovernmnt. Wa know 
th& many of the manufac;turere, rather than go through some of the compli- 
cations of the government contract for facilities, actually went ahcad and 
spent their own nzoncg for facility expansions. Th,$ was particularly true 
in the 'CYSF: of those menufacturors who could se% that these f:&lity expsn- 
sions would be of great banefit td them following tbe.w.;.r. Y:ith the tixoep- 
tion of Detroit draena>, which h: as been made a government-optirnted fsci.li.ty 
perinanantly, most of these facilities have gone into the w"lr reserve elf 
machine tools or have been absorbed by psstwar industry. 

During the period up to VJ-d,ay we continually progrzssed in the develop- 
ment of our v;rious.procedures, and it bticarne more or 1.2~~ th.2 rtifinement 
phasz, Anon VE-dp:,y ccme; we had certain cutbacks; b:zsi~~~ll.y, the produc- 
tion job ?:ad then beon accomplished, ?Ye laid plans, of course, for the 
fin<?1 tzrmin:ations 
almost imn.:di$aly : 

Finally, when VJ-.ciay came, we wzrc able to cancel 
Of course, there is a long period following the term- 

in&ions in thy; settling up of contracts, but, basic:klly, the production 
phase had bc!$n completed,. 

Ss far, I have mentioned only the problems that CWE up in connection 
with giving to you this"brief history of the period. I shall now try to 
discuss so.-,e of th,e.m'ajor difficulties encountered and the possible solu- 
tions.'. 

Integration can best be illustrated by this chart. ,Say we have three 
companies, llj",tl "3, 11 and trC,t' involved in the production of a cc,mmon item, 
the same item. Let us say there are four parts making up this item. The 
capacity of each company is represented by these fi.gures on the chart. 
You will. ,?otice that the xlaximum capacity of comFan,y ItA to produce the 
com$ete item is limited by the production of the lowest subassemblg or 
subitem, In this case it is 20; in the second case, 50; in the third case, 
26; which gives us a grand total production of that end product of 96. 
If we g& those three companies together or provide a means whereby they 
can cxchange some of their &Was, we come out with this pictur-,: The 

total of part 1 made by all three companies is 112; part 2, 11.6; part 3, 
120; part ii, 127. The total of the end product t?iat could by manufactured 



in that way is 112, as against the 96 wz would get if each of thss? three 
ccmpanies worked entirely on its own. Therefore , if we get them a11 to- 
gether and put that information on the table, we can, by juggling these 
parts ,around, come out with the higher production of 112; That basic 
fact led to the formation of what we called "industry intzgrntion cornmittees,~~ 

3n the face of it, this is a very simple operation., It app,.+ars obviou$. 
Howeyer , in our transport and combat vehicles, we had many morz complica- 
tions. In the first place, all of these vehicles are not interchangeable 
completely. In the case., of course, of a large program of one type of 
vehicle involving numerous manufactures, that can be done. Rut frequently 
our progruns were of such a nature that l/ire might have only one manufacturer 
invo1vti.d in one item and, only one or two other manufacturers involved in a 
second item. 7Je had to be very careful, therefore, in the setting up of 
our co,mmittees to-be sure that we grouped the manufacturers lj:ho were making 
items that could be integrated to the maximum extent. 

Not only cc2n wc integrate actual parts, but we can also integrate 
capacities. This chart is labeled l!Components Problem." !Ue assume these 
capacities are basic for the end product manufacturers, the prime contrac- 
tors, and that, if left to their own devices, these manufacturers would 
normally place orders with.sub contractors, as indicated on this subcontract 
outline. For example, here is a requirement for 1,OOC items. He goes down 
here and gets 800 of his .need from this subcontractor, He goes over here 
and places the other 200 with this middle subcontractor. The ll500,'~ m.an 
gets his 500 here from this same subcontractor. Why? Simply because the 
subcontractor, desiring to retain good will, says, "Sure, I can make them," 
The same thing h,?.ppens over here: The~I~200" man gets 100 from one place 
and gets 100 from this same subcontractor. The net result is that it 
suddenly develops that we cannot get the total end-product production. 

NOW, if :~ou put these three people togethar and let, the::; come up tvith 
this picture, they will know what the situation is and will s':y, "Okay, we 
need :znother fcLcility to get this total production," In some cases there 
wx sllfficient capacity among the subcontractors; but bec,-ruso of the: load- 
ing in their normal commercial relationships, one facility was not loc.ded 
to cap?.city, whereas others were overlo.aded, These co+mmittees were effec- 
tive from the standpoint of juggling those capacities or coming up I:tith the 
fact that additional capacity or nuw facilities were necossT:ry, 

You might conclude from these remarks that we should standardize every- 
thing. That is ensier said th:in done, Productive capacity is the ,actual 
controlling factor in many cases so far as standardization is concerned, 
It may be a more intelligsnt approach to a problem to use a siscond engino 
if there is rin engine plant with complete facilities to m2ke it th?an it 
would be to go o:&, and build a brand new plant from the ground up in ordgr 
to get additional capacity of an adopted standard-type anginz or any other 
componant, for thct matter. That is especially true if you want immediate 
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production or production in a shorter time than the usual nine to twelve 
months involveg. i-n a new facility, 

:: 
Getting back to the integration committee, we found that the most im- 

* portant factor in making,the co,mmittee work effectively was the very care- 
ful selection of the committee chairman. He was, of course, a representa- 
tive of industry from one of the member companies, and he had to be a 
natural leader and outstanding individual. If the selection was.not on 
that basis, the companies would never have,gotLen together and done the 
job. Initially we experimented a little; but we finally recognized that 
fact and carefully selected the committee chairmen thereafter. 

h @any-agencies were involved in motor transport vehicle production 
during the wari These were the Office of Defense Transportation, the Yavy, 
thz Xar Production Board, the Army with its various activities, the Air 
Force Ordnance Engineers, and so on. Generally speaking, we wzre procuring 
about 80 percent of the total requirements of al1 nf tkesf5 agencies. 

In about thz middle of. 1943 the War Production Bo:Ird d-lsirzd to put 
into the program additional straight commercial typos of vehicles in order 
to maint,ain the so-called home front war activity. The ":PB called mztings 
of all the agencies involved, The first thing that devcloptid was that- the 
total requirement ‘was.far in excess of the capacity available. It seems 
to me that the logical thing to do would have been to assign to one ,agancy-- 
it does not make xny difference which agency --the complete job for the pro- 
curement of a common it.em or a comparable item, In this cas2 a committee 
was established with ,top representation of all ths activities concerned. 
It bi:cnme known as the Automotive Production.Committze and had rcsponsibil- 
ity for the-entire national wh eeled-vehicle .progr:;m for 19l+b.. The progrsam 
was finally fismzd in November 19i+3. 

Thxt. is vsryWeslzM&e &m'the staridpoint of lznd time.. Lead time is 
one of.the most impbrta& things c'onn;-:cted with the &ficiGnt ‘pr'oduction 
of .an.y item in quantity. L,e:ld time might- be 'def.inCt-d~cs the time from the 

srele.ass of a program to the' actual realization of production'. This time 
varies consid;zably with different conditions . Xhere br.7..>d new fncilitiEs 
qre r.:quire,d it will probably run around a year. 
fi.:ici].iti- 

Ill th2 c':5:: of ,2xisti,-g 
tis that are being given'.additional,orders, it usu:Als~ runs from 

six to nine ,-months. In this case the prograti vrnras .fi rmed in siovem'oer 1943, 
which.mesnt that the maximum production,fbY :I944 had to,co:i;e out ,of the 
last couple of months of 194.4. 
higher rct:z per month had to ba. 

That, ,in.turn, meant that cn cxtrec:el;y 
established.than should hue b&n necessary, 

. 
. This brings us to, the subject of requirements. In many cases during 

. the: war requirements were increased one month; then decreased ia;?:ediately, 
increasm?d,again, and SC: 'on, all ov& .a pe'riod of ,a faw mont.hs.. Ne all 
recognize that undar war r5onditions"'i.t is impossible; to .anticip:te ,211 



connection. In my opinion, the combat vehicle ph,a.se w:s not nt:nrly so 
difficult in spar2 parts as the trcansport vehicle phsse. That was 
probably due to the volume of motor transport vehicle parts both in kind 
and quantity. 

* ', 

In the initial phase of co$oat vehicle production, we placed orders 
for a percentage of capacity actually greater than that required for 
vi?,hicles, an arbitrary percentage, because it was not'possible to estab- 
lish the exact rgquirements of spare parts without some sort of expari- 
ence. After 'a short time, however, certain experience was dev~lopcd, and 
it V&S then possible to place spare-parts orders fornew-type vehicles 
based upon comparabia ty::es for which there :!;,:a$ experitince. 

It is most important to place spare-parts orders at th;: time the 
vehi tie is ordered, In that way, capacity is established for later orders 
for replaci?ment parts and for the continuation of sp:lr+p.arts production, 

I shall now giv2 you a brief summary of the points I have covered, 

Educational orders are of great value on co&St and motor transport 
vehicles ,, particularly when theg 
sire?. mass production, 

Organization is importrznt to 
portant as the.careful selection 

Sufficient development funds 

can be placed clos&; in adv.:-lnce of dz- 

smooth operation but not nearly so im- 
of intelligent personx:el, 

‘. 

are mandatory if we are to k,c?p abr::ast 
of d.evelopment and be ready quickly to go into production on :;lodorn design. 

., . 
Decentr;T.lization of ~rocur~emant by a&as is' highly s.:jtisf.actory, snd 

there )iust be over-ni.1 coordination,. . . 
:. 

A deiler-type depot system is of 'great. value for CCiih?;t vehicles, 
especiclly as a modification center,‘ ( ^ . 

. All comb3 Gd transport vehicle production in groat volume midst be 
built around the efficient management 9f larga, exp2rieric.2d pl~oducers. 

The pool'.order must be carefully studied to determine a :2ore satisfac- 
tory m&s of quickly establishing additional, 
r.jftirence to cost diff$&tislS.,, 

c:?pscity, with pnrticular 
" i, 

Xass' production is not flexible iznd cannot be turned on :nd off %at 
wili. A -ne;~ progr\am requires .front nine. to twelve months, ;from 'its relaasa 

.to the a'ctual re?iiz?2,ion of produdtion.. 

'. ..,. . 
.' 

* * 13: " * 
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after it has been completed or even as it is being worked up and to help 
us interprtit the mass-production angle into that design. 

Q1JESTIOV: Would you enumerate some of the difficulties encountered in 
inspection and comment on how they were handled? 

CO1 OM%J., YXITE * . I can give you something on that, although it was some- 
what outsi.de iLly personal experience. The ordnance districts, of course, 
were responsible for the conduct of inspection on all of our contracts. 
The thirteen area districts conducted the insgcction. As I saw it at: a 
distance, there w.as a great deal of difficulty in the initial st&ges pri- 
,marily because of the lack of trained inspection personnel. Each of the 
districts h-id to set up schools for training inspection; pzrsonnzl. ,Occa- 
sionn1l.y our own engineering activities were called into the picture by 
the districts from the standpoint of, in some cases, waiving insptiction; 
that is, ch,?nging thiLt inspection to the degree that the vehicle !vould still 
be thoroughly acceptable as a fighting vehicle but possibly allowing sub- 
stitutions of various types of either materials or other items. 

The inspection Problem, I know, ~'2s great, I saw it at such a distance, 
however, that I c,annot give you a detailed comment on it. 

QlJESTION: Cf what value is the facility survey in (1) determining the 
hrobable item to be nssignod ,to that facility and (2) estimating the capnc- 
ity of the facility, if the latter is possible? 

CO1 O':TL WTTE: 
believi 

In the case of combat vehicles it is impossible, I 
, to survey any facility and actually say.how much of any combat. 

vehicle they can manufacture. There is no industry-7at least this was so 
during our war .- experience-- that, using its existing facilities, can manu- 
fncturc a tank. Our experience was that the existing faciIiti,zs h,ad to 
be supplemented by additional facilities of one type or .another before 
they could !Ictually.produce a tank. However, I think it is of .great value 
to survey these facilities continually during peacetime from the standpoint. 
of knowing generally the types of machinery they possess so that if another 
progrrlm comes along requiring quantity production, we sh?ll know essentially 
what facilities cnn most reidily be supplemented to produci a combat vehi- 
cle. 

In the case of motor transport vehicles military production is almost 
directly related to commercial production, The total capacity for mili- 
tary production can be determined, but a careful study must be made to be 
sure that there is such -cc,pacity.. The production of military vehicles re- 
quires more capac$ty pcr:.thousand units than the production of cormm?rcial 
trucks .doss; jvc alwqv. i-rave extra axles, arId cz great:z zxhining capacity 
is required for that me.tcrial. 



ns I mcnti~nad in the lecture, the first facility to C'XE into the picture, 
They built ai:'; t\? a ::roduction of approximstAy a th::us,and of those vehicles 
2 nanth. Suddenly we were told the program called for 40,000 light tanks, 
let us say, for next year, Immediately we had to have addition?1 caPecity, 
Wcw, a pr~zgram Iof a thousand a month on that type cf equipment is a pretty 
big undertaking ft:r any industry. SC we felt that the s~lutiion was to 
brini; another type of manufacturer into the program. We had Cadillac 
analyze that trunk and brought them into it, with a cclm+l.eteiy modified ve- 
hicle for one reason, and that was that we had to have ~additinnal capacity 
for engines and trans.missions. The existing ca;:acity in the N-3 light tgnk 
was not enough, and it would hava t mz.ant a long delay t;:' szt u;7 brand new 
facilities f:;r those two comp~.nents. Cadill.:r.c had XI i-:nginz a::d tr,an& 
missi?: that everyone felt would work. We placed an i rdlsr f;?r light tanks 
with Cadillac which required it to establish a capacity, I believe, of a 
thzusrii-id a mnnt'h, That was later increased to 1,500 a m;ntht We also gave 
Cadillac a develnpntint contract to completely engineer that S-3 light tank 
int:, the versicn it w:uld produce. 

Our development work was spread all over the industry, SC far as I saw 
it, I think that we probably utilized industry to the maximum extent. Ve 
could not do much ourselves, so we had to do it that way. 

cOI.,ON!3L ",E.4??3: Colonel White, in behalf of the College, I zqT?rrant to 
th:?.nk you for a very ix:tervJ arting and instructive tr;lk. 

(2 March 194%-450)s. 


