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I$'&-]& p+&$-$ this mo,rnihg to.weIcome or. IUl&am K. Frank to The 
Industrial College,,. ,: .: / _I : ': ':. ., : . . ,. 

; . , .: 
x r * Frank is a"&+aduate of Cornell University with the degree of'Xe- 

chanical?@$neer,which he received in 1911. 

:,Jnthe. pkiiod 1911,to 1926 he s'erved in various capac,ities!from 
I chemi.s,t to &nerd1 m&ager.of’ the Damascus Bronze Company, :'In 1926 he . 

left the;Damascus,Bronze Company to accept employment%F~th the.Goppernreld 
.:,S'teel Cprpor~tion.:~ His c&reer with this company has been a s.eries. of. 

successes .&,fid promotions. At the present time he-iis'%he,presSdent:of, 
the corporation. 

In October.of 1941 he was called to Washington andthe government 
service wit? the Ciffice of Production Management, where he, served as 
consultant on production problems, In July of 1942 he- was made chairman 
of the &sources Pr'oduction Board of the Kar Produ'ction Board;,: In : : 
Movember he was appointed deputy director of. the 'Generai Industrial, 

G Equipment Division of the KPB, and in Gecember, lGV+%, became the. direc- 
tor of that division. In September, 1944, he was appointed technical . ; 
advisor ti the' Industrial Eqdipment' Lequl'rements 'SecWon, 2nd in June 
o'f 1945 be&me a spcdial assistant toi"tke Dlrec-to'r 0:'. the %a.r Production 
Board. .?. _' : .-""' j 

Withthe tetiination 'of hostilities, 'he' ketuPhed. to 'th&:- CopoemJeld 
S,teel CorFbcation 'to re'sV*& his duties as president of the corporation. 

., , ', 
'I : : 

xbe .subje,ctq$, his 'ie&~e“is . ,,: ,,, "l'rodu~tion Scheduling on .a.Kational 
j&i; *,I" '!{r. IFrank.'. '. " : '.' 1,. ,. ,, _,_, 1' :-. ., : , e. :- ,,, I", _" .," ,:; 
>t;Le,,'FpiI;.K: '; .':“,' .';-' I,' : ,'I 1; ,: i ;, .,I : 1: :j":, I. :-. 

.' 
'Gentlemen, th&&ubj~$.ot :of,'pro'dtiction scheduling is something very 

close to my heart?'< As'yoc 'know, 'wei were in bad trouble early in the 
war. Ire got out of it'only 'through production scheduling. 

II 

It so.on developed in World Tjrar II, that usually 10% of the manu- 
f&cturers shipped 90% of the product.. For instance, if there were 100 
manufacturers in the industry, the ten largest accounted for approxi- 
mately- 90% of the production. Accordingly, the War Production Board 
concentrated on these ten Largest for detailed scheduling and requ?.red 
only general reporting from the ether ninety, 'This reduced paper work 
tremendously and in general was effective contrcl. 

! 
_ 
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The information needed from each manufacturer was as'follows: fin 
advance estimate of monthly productive capacities--orders received.during 
the month - orders shipped during the month - orders cancelled -during the 
month - and unfilled order3 at the end of the month. When the unfilled 
orders of an industry were rapidly accumulating, we knew there was trouble 
ahead, and when they leveled off or were shrinking,it could be expected 
that that industry was getting out of trouble. 'In the industries where 
production was changing', a good barometer was.to plot the number of months 
represented by the unfilled orders in terms of the most recent production. 
It-Nil1 be seen that in the case of rapidly expanding productions, even 

_ though the unfilled orders might be rising, the months of backlog might 
actually be falling. 

Information needed from the claimants, for proper scheduling include 
the f ollming : quantities, @Fe, accurate delivery date requirements, 
and name of manufacturer where possible. As will be realized, this was 
a task of tremendous proportions for such larse claimants as the Army 
and Eavy. Bowever, many branches of the Services'did a perfectly amazing 
job of knowS.ng their requirements in great.detail down to the last sub- 
component. 

Odts$and!.ng examples ,of detailed knowledge of components were in 
the two landing-craft programs. The success of these programs'>c?as 'un- 
doubtedly due to detailed knowledge, and can serve as a model'for future 
operations, I cannot press too strongly on this poS.nt of detailed know- 
ledge a 

To get rapid war production it is necessary that the Services accumu- 
late,in peacetime bills of materials, and be so organized that additional 
bills of materials can be secured and Zabulzted quickly. 

The year 1942 -Gas a critical year in production. It was in this 
@ar that trial and error produced organizations and mechanisms that 
were to stand for the balance of the was. It'was during this year' that 
the solution was found. of relating requireGents to the alTaiiable resources 
of the nation. At the top level tl& problem of long range programming 
involved the collaboration of the President, the Joint Chiefs.of Staff, 
and the Chairman of the Xar Production Board. The next stop was the 
breaking down of the long term production goals into quarterly or monthly 
goals and the parcelling out of the resources in order to achieve the 
approved goals, The principal mechanisms created in 1942 to handle the 
oroblems of this level were the Feq.uirements Committee in the War Produc- 
tion Beard devotin&primary attention to materials, and the Production 
Lxecutive Committee devoting primary attention to program scheduling. 
The l&t step in this chain :qras the actual flowing of the materials, 

.components and equipment to the individual industrial plants that needed 
them. 

By the.fall. of 1942 it had become evident that the nation had been 
working upon a set of production objectives for 1942 t&t. had more than 
doubled since the'beginning of the year. They were well beyond the 
practical limit of feasibility, and it was decided to concentrate resources 
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and energies upon a lldo-able" proportion oftthe program;' The Production 
Executive Committee was established and included with Xr.1C.E. Wilson 
as Chairman, representatives of the Armed Services, and. the'U,S. Kari- 
tifie Commission. It was made responsible for the scheduling of the 
variocs'oroduction programs of the Army, IGavy, Maritime Comxission -and, 
others,'& order to insure that the.schedules would'not conflict and 
were consistent with the maximum productive possibilities of the national 
economy, and were in accordance with the strategic requirements'of the 
Chiefs of Staff. 

/ 
Component Scheduling 

. " : 
._ 

A sub-committee--the Committee on Prbduction Scheduling--w&s estab- 
lished,,agein xzLth representatives of the 'liar Production Beard, the. 

. Armed Services ari the U,S.'Zaritime Commission. This Comzitted con- 
cerned itself principally mith scheduling of components and p:;irticclarly 
xith a list, of 34 'criticai components,: 

L 

General Schod~ling Order %!?33 

It was decided to incorporate all of the critical components into 
one scheduling order so that there would be uniformity of treatment in 
all matters. 

. . . , . . 
'Ibis led to the issuance of General Sch&ling Order'>8293, o'n 27 

February, 1943. 

Thee components ‘listed ivere classified in 3 categories, 'V, "Y'l 
and a third unlabeled group, Kanufacttirers of* products with.in the "X" 

. group were required to (1) subWi.t a regular operations report showing 
productive capacity and orders unfilled, received, shipped, 'cancelled, 
and scheduled for a specific peri,od prescribed in the fcrm applicable 

; td the particular component; (2) report delivery schedules for the 
spocificd period; (3) h l'- e r~er components only under the schedule'as 
approved by ';':PE. Once filed; 'the schedule was to be followed regardless 
of preference ratings or directives, These were 7v.froeen schedulesfr, 

1 to be changed only by the Industry Division. 

' The 'V classification, 
the mos?, critical components. 

containing only 7 types OP items, included 
klmost &'11 were already under existing 

scheduling orders. Persons seeking t,& place an order'for any component 
in Class l?Y1l would first kave to receive specific authorizatj.&n from 
NPB, which would specify the manufacturer with whom the order was to 
be placed. Baving beon given such an order, the manufacturer would make 
delivery in accordance with the schedule regardless of. preference rat- 
ings of other oraers. 

The undesignated category contained the ioast critical of the com- 
ponents listed in-the order,. ?(:anuf'acturers involved in this category 
were required tc submit cnly :a regular informational report to the Board. ( 

. 
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. . &hing the succeeding months. O.rder-@~3~ ~3s generally. .well ,received 
by. industry, .’ the claimant agencies , : and-1 the,. public ca In most cases,, once 
the components had been scheduled, ( the. shortages disappeared, ; 

” “’ ’ ‘. 

By.,la te spring 1943, .2&q., admin@ tratipn of.. M29j: was sm%th, and the 
general problem of componen,t supply. was:, considerably- relieved, the excep- 
tions being s teel~ valves, heat, excha.nger,s, .,and aircraft .cpntrol ins tru- 
ments - , ‘. ,. \ .’ > : 2 , j. 

In the fall of 1943 an additional category was .added to 72293, this ;' 
being designated as YZ” category. The rfZFf procedurg .was @signed to 
(1) identify orders of the programs, with the end-us’~“$‘f”e~~h~jlitracting 
level;. (2) establish, shipping dates. in’.,harmpny. wit.h: the building schedule 
cf the. end-product or project; and (3) free= shipping schedules of 
.certain orders without sendi.ng the complete *order boards to ‘Kashing,ton. 
The procedure was mandatory vlrhe n ini t.ia ted by certain claimant. agencies. 
Limit,ed to 16 control components and t3 .sub-components, it was strongly 
opposed by industry advisory committees, It was tried out on the ship 
.program of t,he Army Transportation Corps. Manufacturers. believed the 
procedure would not, accomplish its purposes .&fd’ %hoy ‘~~s’~~~ed-‘i;he”B’dded 
paper work involved, Their protests were heeded and the procedure was 
amended in early 1944. : 

Component Schedulin 
~ 

‘A task committee composed ‘of representatives of the Armed’Services 
and WPB had been working on a revision of scheduling procedures, and in 
June.J, 1943, Cc,mponent .Schedulin, ci Proced.ur.e (CSP) was announced for certain 
selected groups of programs. The -plan squght to require clainan-t agencies 
and their prime contractors to. program for several months in. the future, 
indicating their re.quirementq for control components to the. Poll extent 
of the future program. Control component manufacturers were expected to 
indicate their promised d‘elivery schedule against, the required delivery 
schedule presented to them. This form flowed back ,to the” prime, con- 
tractor and. was returned to the claimant, agency. . 

3. ,. , 
CSP was to achieve only moderate success. The, plan’ involved’ added 

burdens of paper work and industry representatives were disposed to 
regard it as a highly theoretical device.. It soon. became apparent that 
under this arrangement the great% t difficulty facing component producers 
was their inability to .place their orders for ccntrolled materials until 
they themselves had received orders for their products. .The time lag , 
was too great for efficien.t product.icn. 

Control of Xaterials 
-. . . 

: 
. 

Until late in 1942 it was materiaid rather ‘t&r, facilities, com- 
ponents or manpower that seemed to be the b&i.c resource through which, 
controls of the productive process could,be achieved,, Pla.nt capacity 
was not a seriously. limiting factor in achievement of high production 
goals. Components did not, constitute the major limiting factor in 

, 
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production until the fall of 1942, and mschinery‘for'controlling the 
flow cf components tias. not fully-matured by the end'of theiyear. Vanpower 
had not yet emerged as an acutely limiting factor, Materials therefore 
appeared to he the clue to the ,zchievement of the production program. 
Through the control of the flow of materials it appeared possible to 
control the rate of production and the kind of production in practically 
all important plants of the country. The year 3.942 start&d with a va?iety 
of material distribution controls, including individual pref'erence ra.ticg 
certificates, b.lanket preference rating orders,. allocation schemes for 
particular matkrials and the Production Requirements Plan, known as !'PRP". 
Preference ratings had by l9&2 become wholly inadequate as the principal 
control over the fltiv of ma.terials. They were qualitative ratings with 
no quantitat'iv'e limits'; ' they were valuable only so long as the mate- 
rials for which they were used were in relatively plentiful supply; the 
same preference rating had a variable value to the manufacturer as,he 
applied it to a succession of materials, each of ivhich.had a different 
degree of shortage, and.the preference rating currency was progses'sively 
cheapened, as all producers sought 'to obtaxn higher ratings as they dis- 
covered their existing ratings, were worthleSs in procuring materials. 

In a.dditiori to the preference rati'ng,system there was also a' group 
of.'allocation schemes for par$J.cufar mat&.&s. The vi'rtue of any al\oca- 
tion Scheme was that it. defined thee.quantities of materials to' go to any 

, p&rticular user and operated within ':th'e: limits sot by ~available"snpply 
'0.f the materi8ls. Indi.vidually opera'ted allocation sci~emes';+iow6ver, 
had two. basic flaws,.. The material branches\of WPB did no% feel,bound 
to adhere strictly to,the pref,erence rating system, since %his system 

( w$s.in disrepute and was fldt regarded as an accurate indication of the 
'importance of the particular 'use of materials to the war effort, The 
second princiGa1 objection to ,c.ontroliirig the flew of materials through 
@@vidua.l allocation systems vrjas that each system operated autonomously 

"under a particular ViPB materials branch; with'the result that coordina- 
' tion in the, ,flow of materi& was ,l$cking'. I. 

Production Requirements Plan 
. ,, , 

Along with the preference rating system and allocation schemes‘, the 
ioar started with a portion of industry volunta$.ly under PRP. PRF 
wedded %hs pre,ferencd rating system to the allocation,idea and added 
the principle of coordinating the allocation of 8.11 important materials 

to assure a balancgdSflow to the manufacturer,; .'Et ftirth&r.related 
authorizations tp.inventories of the applicant. 

PI%' was made mandatory for the third quarter of li142. All indtis- 
trial consumers of basic metals were required to apply each quarter for 
preference ratings covering their requirements for those'metals. Requests 
were to be balanced against supply and based on Bnd-use; preference 
ratings-limited as to amounts of rcaterials--were issued to the appli- 
cants, 'IhiS was a V'horizontal11 allocation plan, in that the authoriza- 
tions passed directly to the user of the materials, as contrasted with 
a.%erticalH plan in which the authorizations passed to a claimant agency, 

\ 
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.: . 
,. ,then FolIowed down to the prime-contractor arid', ~hen'do&n'to~a~&* through 

( +.cha$n of subcontratitors. ' : : L. ‘_., 
;* 

,. ', .~. .__, I._ ._. 
'T&searching about fcr,a,mas.t&r con&l gystem continued, revolv- 

-sing abdut.the relative merits of "hori~o~ta~,allocation"'anrj, "ver'tidal 
:~., allocatiorir~, .prjscipLe s .that constituted the.coreg;of respectively the 

I.P,roduction Requirdments.Plans, tl$ Controlled,Materials Plan; "&d ihe i 
.,total demand. for materials' been brocght ,in balance wit,h the'bsup&i,'the : 

& qnhortages .encountered ,6y particular manufacturers under;PRP would tiot 
ha~e~dccurred.. Thedifficulty stemmed from the fact: that 'autharizations 
always.greatly excbe@d the production,of,,materials, A ,f.eaSble program, 

. advance con&cl of'the placement of orders, and a s.trict,er contrcl of 
..prgdudtion scheduling were $1 identifiedat the time as,es&ntial pre- 

requisites.‘to- %a operationof P&. 
.until the fall of 1942,OF 

+li of the&e.issues.were~not settled 
later, and.PRP was"being asked tc solve problems 

, 
that were beycnd~the,capacity:of any scheme,'designed merelyto guide the 
flow of.materials th+ugh in$ustr$,,, ,, . I. ., : 
6:': '_, 

Despitethe shortcoming'S: "of PRP.thi&wa&. the'Syste3 that' provided 
.the basic flow of materiais throu,gh the, third and fourth quarters of 

I :1942 and the first.qvarter,pf 1943. In,the'sec&d quarter of 1%3,, when 
.,' the transition was beitig'made'%to C@, 'PRP authorizations"continued to 

. .be,partially effective;, 1942, to 'Ilarch, '1943, 
h'and in. @art to,June, 

Tl;is period fro&‘Ju~J; 
l943, was Jn,,maTi3;'ways'tk;.e'moSt; crucial iti the battle 

of .produclion. The.great rise in production which was to'reach its war- 
time ,peak,in %hE! fall"pf 1943 .i$as coincident in l&rge,part‘wfth,the PRP 
method df con:trolling ;the fl!oTjl"of 'miterials. .It waS re~iized that the 
budgetingof materials:dbul~,ribt really:b e eftective ,without'a cbmprehen- ,c 
sive scheduling of'at least the most iir,port~~t-prograas,,particuiarl;;. the 

'&$crtant militar$ programs suoh'as shiphuiiding, olane product~dni"and 
I .ordnance, V?i.thsuch scheduling and the 

tities'and 'needed times fdr d.,f’ei2is, 
co'nsequerit evaluation of'cuan- 

eithhr a horizontal allocatidn 
system or a vertical allocatidn'system would"prove effec,tive;. L 

Controlled Materials Plan :, ,. . ,’ .,., 

Howelrer, the,advocates of vertical.allocation capitalized on the 
apparent failure of‘PW, and on November 2;' 'l&!&Z, after all ‘government 
agencies concerned had reached an agreernent~br-jthe'fun~jrr,ental principles, 
Contro,lled,Materials Plan'was publicly announced, CMP was designed to 
make certain that production schedules we&adjusted within materials 
supplies. This end was'to be accomplished by bdj;lsting requirements of 
,thc,controlled materials---copper, steel,and aluminum---to the.available 
SUPPlY, and'then making available at the time ne:sded the types and'amounts 
of these materials necessar$ to meet the various programs scheduled under 
the plhns. 

\ 
Under the vertical allocation s,ystem provided by CMP,, the Pequire- 

ments Committee of BIPB'heid the material purse-stringsr'receiting ap- 
plications from and making allotments to the various claimant agencies-- 
Army, Eavy,, Maritime Commission, Lend Lease, Office of Civilian Supply, 
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.e tci ‘(&.)entuali~ there were’~ome 2.3 claimant agencies cavetin& the whole 
, sconomy,)‘ ,Tho claimaqt.agencies,nould then &lot to their prime con- _, 

sumer3 J' 'and the secondary consumers --suppiier~s to prime consumers--would ' 
receive their allotments .af,controlled mateYials.from a'~rime consumer 
or from another'secondarv consumer. ., 

i I 

%lass A" and -"Class B? Products 

Tne pro&cts manufactured with controlled materials were classified " . 
as' ttClass A" products, and '~Cla,ss, B" produ,cts: tlClass~B" products Were - 
intended to be those items, noxmally sold on the open market and those 
sub-assemblies or miscellaneous or specialized~ltems of'squipment for ' : ~ 
which individual specific allotments: to, prime. consu?ers were deemed. '2 ' 
impractical. In a loose.sense "Bn produc.ts were shelf items cpntaining 

"~%ntrolled materials and used.for a variety,of purpcses, bo%h,military 
': :, 

and civilian. ,.. Among Q@.cal examples were bearings:, bolts, nuts and 
rivets. l9' 'products were listed, All .other, products, were "A'!.' , ,ji 

As the. CJ4P evolved, a manufacturer of VYr, produ.cts made his appli- ':' 
cation to and obtained allotments from the appropriate VW3 industry 

, division. Each claimant agcncy,presented its claims for 9" items to. 
the industry'div;ision-and the Divi&ional Requirements Committee reconciled "' 

. requirgments -8ith respective supplies.0 f trR1l items, and.translatcd~the~ :. 
approved r(squirements into thair.gsoss materials ccntent. Il;ach claimant ', 
then include3 the' appropriate portion of such material requirements -$4th 
his requirements f6r 1fA'8 items arid submitted th:sc? statements TV the 

I, 

Requirements Committee. [i"r:c Requiremsnts GomQittee in turn virculd~allocate "I 
to all claimant agencies ail materials requ,ired for both classes, of items, ',I " 

, @thin the limit of supply, and the c&aimant ag+:ncy would then notify 
appropriate .industry divisions as to. the '%J' products for which it was 0 
*making a part of,its material available. 

There was no more difficult problem under CVP than the determina- 
tion of the classification of items as "A" products and ?3" products. 
.TYni.s went to the heart of the control'system, C?,CP had been announced ', 

as a vertical allocation plan 'but it had been recognized that vertical 
allocation was not the appropriete method for distributing materials to ~ .. 
all manufacturers. A port&n of the tot31 supply of materials would . . 

have to flow under the horizontal allocation-system ta.producors- of- 
., ( 

certain pro,duc,ts. 'ihe graatsr the lcngth.of the YBff list,~the.less .'-. 
would GNP be a -vertical allocation system. WB inras caugb.t between two . 
fires ---on/the one hand, it v&shed to keep' the. numbcr'of '?FL~~~ pro&ucts. 
down in order to achisvc the many advantages of vertical allocation, / I‘ 
chief of which was the tying of manufacturersi productionschedules to 
end Froduct progr&s; and the close coordination of materials allotments 

., 1, 
. . 

with the approved production, schedule, It however was evident that the ..' 
manufacturer at the bottom of a long chain of subcontractors who was the ". 
last to receive his allotments was on the other hand &he one who was .' 

required to make the first delivery in order to start the assembly chain. 
It was pointed out by an electric motor manufacturer that it was neces- 

', *, 

sary for them tc estimate prospective orders and order and receive 
materials long before they received actual orders, Yurther, in order I 

-7-, li , 
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to.have runs of practical quantitias, it s-a-as necessary to %asket~~'.orders. 
If allotment of materials was to foliovv orders, the production cycle 
~:ould.be lengthened far beyond.the time ordinarily expected by thei? 
customers. 

The pressures for shortening and lengthening the trB1' list continued 
through 1943, and into 1944. In the middle' of 1943 approximately'75$ 
'of the controlled materials vfere being allotted to '!A'! products and 25% 
to "B" products. , At the beginning of 1944'it -Gas announced that all 
except aoproximately 20 "BfT items would be handled as fik'r i&ems to the 
extent that they were involved in scheduled production programs of prc- 
curing claimant agencies. In practice the procurement claimant agencies 
found that except for a few items where the cotitmcticg ciqin was r&a- 
%ively short if -was more practical to secure their requirements as lrBrr 
items and they continued to furnish the industry division of TPB mate- 
rials to allot to manufac,turers as heretofore. 

The functions of the operating divisions of WB included the com- 
pilation of estimates of supply and demand, the production and distribu- 
tioa of the products of the industrjr, in accordance with program deter- 
minations, and the authorization of the purchase of materials and products 
by the indus trJr, The industq division was responsible also for ex?andin; 
the supply, curtailment of less essential consumption, and the assuring 
of optimum utilization of the industry, as necessary to meet essential - 
war demands. In each industry division was a divisional requirements 
committee, chaired by the divisi.on director, on.which were representatives 
of each of the major claimants. The division had the services of indus-' 
try and labor advisory committees, and officers assigned by the Armed 
Services to serve as .the channel bebveen the Services and the,division. 
It was in the industry div isions.that the scheduling cf materials and 
YB1' products ->Jas performed, . 

The methods employed mere as various as the products dealt with, 
but the following few examples with minor variations fairly cbver the 
range. \ 

Hand Scheduling Compressors -, ' 

Early in i942 it was becoming evident.thaD we faced a problem in 
large compressors, required for new facilities then being planned for 
the production of ammonia and toluene for explosives, synthetic rubber, 
aviation gasoline; oxygen, and the like.. .In attacking this problem the 
procedure oixtlined at that time was as folloG~s: 

1, 

2. 

Secure from the.various agencies detailed informa- 
tion of reyuiretients, and from manufacturers their 
capacity to produce. 

Ex$ine order books of manufacturers to determine 
which orders have been placed. 

RESTRIC'I‘ED: 



..’ : 3. ; Review &pahs$oris already authorized and detesrnine ’ ‘_ 
need 'for 'additiarial ~'expans'5bns. 'I.,, :.' i ;., _, ., 

, 4.. .Gevel~,p.new eour"ces of manufacture. 
:_ 

,,. '. ,. z.. j : : ; ,... .,, 
$1. AssPs,t.mnnufacturer's 5ii ekped.%binjij e2&&iiahg, ' ', , 

,, ._ , ; preference ,ratings:,,subcontra,c- 
. .' 

securing: gGter$& 
tix, f,-&an$$pg, &tc;:: ': ': : 1 :: ,c a,- ,, ' 

;.r> i ;: ,- ,.l '. 
,: 

,.' ,. 
6. 'I : Review'orde$ books, :re-exa~ine...sc~e,d~leci .h'e- ', * 

li.very 'dates cf 'exWting orders:;- ati.,r,cschedui& _ I, ' 
I I ', .them after investi.gation .of the indicated present " 

. ..qee$eh d;ates. '. _ 
.,:. ,, . 

, ,, _. 
:.: ; : -. 
_., 

7.: Chec~.gvailapil~tjT:*of existing compressors. ', 
t' : I' .' 

'. 43, ,Checi possibilities oP furnishing lamer number' 
of, smailer units ,fcr cert&in requirem&rts. ',. 

.- 1 
. " .' 

. - . 
Inve.s.tigate adv&bilit$ 'of placing ~00.1 o&&s /. .9. : 

* and,‘..if ad~isab'le; determine th?e cumbe-rs and,,: : 
types' to ,be or'+red; ,, ,. 

, .' : '!,.. .: - . 
', 10. Bppoint~~~y'_sosy,'~d~~it;t'ee.of-Indus'try. ; 

, : I 3 
: ,. _,' 11; 'Rec~mrnenci,~.~.~ekie" 2nd other-orders, .: ,__ , 

' : yi :; 

,. 

'12. ,,Sacurk' ~&'+~~ssz.i~ ashistance,oi .a11 Go,ver&ent': __ 
I ,agenbies ar&,the"ihdustry in parts of, .the. progr$m., ,,;.. r 

'WPB put, together a s,taff',cons&ting of six men ,familiar Gith 'com- 
‘presso'r.produ,ction 'and'us'e, with auth:,rity to take all necsssary~steps 

z 'to'eff~tuate the progrtim;“ 'This~un5.t; was ~aat,hcrized to act.as-,,the sole 
contact between the m~nu,fact~rers‘and'the procurement agencies or other 
customers in exp'editing‘the deliv&bf the compressors. 

The in$'cated. requirement for the following twelve months of'large 
compressors, that is, those of, 303 horse-$ovrer and u", substantially all 
of which were direct engine-driven; wczs in the.neighborhood of l;OOc),OOO 
horse-power, with a similar requirement.for the succeeding 'tv;relve months. 
The customers had bulked the deliveries in the fall of 1942. From the 
data then at hand, it appeared that t&erg was an. insoluble problem and 
that many of the new plants desperately needed would be held, up for 'lack 
of comprsssors,. Eight months' production was needed in four. > . . 

: .' On April 17,.1942, the Board issued Order LlOO, which jecame the 
model for mani similar scheduling orders. Prohibited was the placing 

_, or acceptance of orders-for critical compressors unless specific author-. 
.' ization was made, after application to the Board. * Manufacturers on whom 

, orders were authorized'were required to accept such orders, In addition, 
'regardless of any pri.or comtiitment or preference ratings, manufa,cturers 

: ;: 
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were to deliver compressors only in acco,rd.ance with schedules approved 
by WPB. 

Before issuance“o$ the order the pri‘ncipal mar&factirers were 
called together as an industry adti.soFJ committee, and asJ crured us their 
cooperation; As .wlll'be‘ seen,’ the order was drast$c j?n its terms, and 
required a 'great amount'of paper work on the part of the manufacturer. 
However, the prcducers were unde r terrific pressure from competing claim- 
ants, and welcomed any mechanism that wculd relieve them of the decision 
as to which compress'o& should be delivered first. . 

. I . 
After receipt of'the order beards from/the manufacturers, the group 

began wearing out shoe leather consulting ti$th the procurement agencies 
on those compressors identified as con-Q.ng under their jurisdictions, and 
determined the iatest needed-da.te for the equipment.. Soon a,fter this 
crew got to work it became apparent that customers had. requested, in 
general,'da%es much earlier'than the actual needed da.t,es.' For example, 
one plant had*ordered.d&livery cf 45,000 horse-power for Gctober, 1942, 
when an optimistic estimate for the start of operations was late 1943. 
When the true needed dates had al.1 been secured, things.ldoked better. 
Freezing of the order 'botirds'allowed orderly planning for production, per- 
mitting raw materials to be secured‘in't'ifie 'for needs and.allo&g j\rork 
once started to be completed. Cnc of .the 
encountered was the rllea$-froggingt' 

principa.1 difficulties being 
of one order jtrer anothtir by reason 

of the securing of a better preference! rating ~JJ the agency interested. 
Castings and forgings 'orde'red' for one set of ma.chines as iell as partially 
completed machines had to be put, aside and .s%ored, so t.hat work might 
begLn on Xater orders that h:?d received higher preference 'rating. A 25% 
expansion of facilities was accomplished through the expediting of the 
tools and the construction needed., Continuai pressure on the contractors 

* for subcontracting of parts also speeded production. \v'hile it was neces- 
sary to continue "hand scheduling" iiito 1944, the 1942 fall crisis, r:hich 
was thought would wreck the facilities program, actually'never occurred. 
The situation had appeared so criticni in Max, 1942, that the -%qui:re- 
ments Committee staff recoinmended that policy level decisions should be 
made on the basis of the few,highLy critical materials, and named the 
following: steel plates , ~&toy steel, .copper, aluminum, rubber and com- 
pressors. The crisis, hoyTever, ev.aporated and there is no record cf any 
important plant failing to go into operation because of late arrival of 
a compressor. 

The mechanisms for. handling this scheduling may be of interest. A 
master order board, similar to thos e used in the ol.d days in jobbing foun- 
dries, was built and erected. This board n:easured some six feet high 
and twelve feet across, and occupied one wall of the room that housed it. 
Across thz top horizontally it was divided into thirteen spaces, tnrelve 
for the months of the year, and one for unscheduled orders. Under each 

',morth, also ?n a horizontal column, appeared the names o,f the seven,prin- 
cipal manufacturers. Vcrticaliy along the left-hand side of the board, 
and again in duplicate along the 'right-hand side, were titles indicating 
the. size and type of the compressor. We now had twelve monthly-divisions 
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'horizontally at-boss the .board, 'horizontally at-boss the .board, seven'minor division undeqeach'month seven'minor division undeqeach'month 
horigontally, and some twenty .compressor types listed vertically,,~~Xai& horigontally, and some twenty .compressor types listed vertically,,~~Xai& 
were driven part way intb the board in each space---some 1700 8ti all--- were driven part way intb the board in each space---some 1700 8ti all--- 
proyidi.ng the pegs on which to hang tickets. providing the pegs on which to hang tickets, Tic&ts m&e .typed. for all , Tic&ts m&e .typed. for all , 
of the compressors shcwn on the order'bocks of the:manufacturerp,,care of the compressors shcwn on the order'bocks of the:manufacturerp,,care 
being taken that only one type was nrjted~on any,.ticket.. Xhere more than being taken that only one type was nrjted~on any,.ticket.. Xhere more than 
one month of,d&very had been indicated, one month of,d&very had been indicated, separate tickets for separate separate tickets for separate 
months were made. months were made. -.Different colors af the tickets indicated the type -.Different colors af the tickets indicated the type 
of drive, that is', whethersteam, gas or electric. A, hole was punched of drive, that is', whethersteam, gas or electric. A, hole was punched ' ' 
near the to,p of the ticket to allow it being.hung bn one..of the nails of \ near the to,p of the ticket to allow it being.hung bn one..of the nails of \ 

,. the,board. ,. the,board. . . 

had been hung o: 

This allowed all of~the.orders to be sorted by.month of:dclivery, 
manufacturer, type,of unit, 'and,kind of drive. Xhenall the tickets 

n the 1700 nails, the overloaded and underloaded portions 
of the board-could be seen at a glance, Qhere any particular spot,,was 
overloaded, conferences of the claimants were called and'I'am*gl& to say 
that ix every case it vras,poseible to reach agreement ,after a full hear- 
ing; While the major crisishad evapcrated, minor crises continued to 
occur almost daily. Ba+,tlg.,damage,occas~oned~nsiderable diversions, all 
of which were. amicable, I 

,‘Barbor. in thirty &ys 
The -Navy got four needed compressorsat Pearl 

, ,throu.gh dive,rsiong,with 'the .consent of,Army Ord- 
nance. The Boston Navy,Yard qs able 'to .get a.dompressor ,in three,"weeks 

..'to put a damaged escort. vessel bat'- A to sq3 by diverting,,one from a. new 
steel foundry, the completion of, which.mas ls,:ter .t?;an, the .ociginai,,~ 
expected completion data. ,. :. 

,: 

O%her such industry-&de r~hznd-schedulingll'~l-icluded'Ilarge turbo- 
blowe&,. 'high pressure boiiers ,and heat exchan,gers. Fortunately, .it 
v& not necessary to '!hnnd-schedule? too many complete indugtries. 

Electric Cont,rols 

In general,. such'sched~ling of .z few companies on&in a particular 
industrysolved the problem, usually thi3re being's' few leaders who.were 
forced to take orders,,in excess of their capa.city. An example of tiis 
was. in the field,of electric controls --~CutJer~Hammer was in trouble in 
the ,fall of 1942. l'Leap-frogging't and uprating of creference ratings had 
proceeded to such an oxten .t that substantially everything on their books 

, ,Y had been raised to an AA-1 category. They were receiving hundreds of 
expediting telegrams and phone calls daily; a large staff of expediters, 
many in uniform, were at the plant,pressing the management for earlier 
deliveries. Eiectric c'ohtrols art small but important pieces ,of‘ &ppa- 
r'attis---consis;ting of from one to one hundred Ltems mounted on a panel, 
?ionthly itsm,s ran into thocszndq for a . company thn size of Cutler-Eammer. 

: . . 
.', ' When %nd-schedulingly was first proposed, the size of the problem 
., horrified everyone consulted. liowever, there azpeared no other solu- 

tion, Eve& order was: acccrdingly; identified wi.th the end-use, whether ; _' 
a particu.lar ship, an ~ndustr&J.. faciiic;~, or the like. The ship sched- 
ules,of ths Navy, Maritime Commission, and Amy shipbuilding units were 
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set-ued and kkpt up to date. Lead times were setfor the time of ship- '\ 
ment of the control as so many months before the completion date. cf the 
ship. Similar schedules were secured for completion dates of.;tha‘various 
facilities. The complete order board mas then rescheduled in terms. of 
needed dates, allowing ample lead time. Before the orders were resched- 
uled, required deliveries for the following six months period amounted 
to 150% of capacity, whereas after rescheduling, such required deliveries 
had shrunk to only '75% of capacity--an d Cutler-Hammer went out for more 
business, As wiil be realized, the'task ofcovering some 17,000 items, 
and 2,700 orders, took considerable time---some ten thousand man-hours--- 
but as events 'proved, it was well worth th.2 effort. After the initial 
rescheduling, it was a simple matter properly to schedule new orders, 
by insisting upon an identification of the order with end-use, and then 
applying the predetermined lead time tc tho completion date of th: end 
product, 1: 

l&lding Eiods 

Welding rods" used in ship construct,ion and in the many industrial 
plants yrorking on essential programs proved to be ,s. type of problem that 

.did net lend itself to rthar~d-schedulLngft. Es t,imr;tes were made of the 
monthly consumption of rods', taking into account the shipbuilding pro- 
grjrns> construction of irdu$triai f:icilities, and mis@ellancous uses. 
These early estim?lates prcvcd to bc remarkably accurate, and although the 
situation was always tight, since it .calied for a rapid monthly step-up 
in rod productions up to Xarch, 1344, it is belie-fed that no important 
project was delayed tnrough lack of rods. Umost daily shipyards on 
the West Coast enggged in the Grit&e program .~:ould call the welding 
rod chief in VPB d'emanding'~ addition21 and immodiats shipments, saying 
they were abcut to shut down for.lack cf rods. 'Belisving'that they 
were receiving ample rods, based upon manufacturersr shipping reports, 
and shipbuilding schedules, he sent out investigators to determine the 
size of inventories. T'hesc he found were large and mounting.' Accordingly, 
he determined tc outguess -the complainers; --- one day,, before he had 
received any calls; he phoncd.those Kest Coast yards szying he was 
stuck with an excess of l,OOC,OO@ pounds,' and asking each of them to take 
this quantity off hi&: hands. 
been in trouble:.) 'Holever,' 

(If any ha.~ called his bluff he would have 
he' got evasive arswers r,ith promises to call 

back if they could USC the rods, and from that dcy on his calls from the 
lkst Coast stopped. This device vxs used in several other commodities, 
and oftan proved effective in stopping panic buying. Itwill bc rcmem- 
bered that when rakioning of coffee'ended, the demand immediately drooped 
off. It is human nature tc hoard scar& commodi.ties, and to USC up the 
accumulated hoard when the supply appears adequate. In pe?iod,of expand- 
ing production, large demand is occasioned net only by large consump- 
tions, but also by the filling cf larger pipe lines and by hoarding., In 
the case of wsiding rods, the controls which proved effective required 
large users to make a.monthly request for authorization to buy, identify-i?g 
the USC: of the rod with particulsr programs and schedules, and tabulating 
inventories on hand. These requests wkre'balnnce,d Nith the producers' 
capacity, and shipr;lcnts scheduled accordingly( . -, 
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&iti-friction shearings' 'I: / 
. . I. I 

Another item't&t employed a Wdificaticn of ihis type of control 
was anti-fr3otio'n bearings. It will be remembered that the..acute situa- 
tion hit us early in 1943, and continued for the rest of the vial;. Fere )' 
again, p2nic buying, and excessive inventories, aggravated the problem. 
A large increase in plant capacity had been provided during 19.42, and it 
ap$cared that the industry would be able to take care of the expected 
demands. However, the ma'teri'al shortages ,that croppe,d up in the third 
and fourth quarters of 1942 resulte'd in allocations *of slloy steel to the 
bearing manufacturers far below.the requiremdnts of'the capacity then 
ready, As a result, cpera%ions were'curtaihed at the very time they should 
have been increasing, and labor was' lost to other war plants then expand- 
ing in the Connecticut ~all.ey,~ The labor shortage in the bearing pl,?nts , 
then continued to plague us for the rest of the war. Although strenuous 
efforts, were made by the Xar.Xanpower Commission and others', the plants 

' vgere' never able to operate at full capacity, Rearing production 'did 
ac.hieve the remarkable figure of over ~~,,#OO,OOO per month, but it was 
not until scheduling controls we're ,pUt into effect that the acute shcrt- 
ages disappeared. As will be realized, in the millions of bearings per 
month, there were many thousands of orders containing many separate Items. 
However, by screening the applications of large users; by requiring 
identification wi.th approved end-product schedules, by scrutinizing5n- 
v&tories, t:nd by the excellent cocperation of the services in combining 
invontori.~?s of various bearings, Ldentifyi.ng the many differentpart..: 
numbers with particuL?.r bearings, the prcblcm swntaiah.y was gotton 
under cont,rol.' .: 

. 
Xackine Tools 1 

, :,, 
Z:‘. I 

I’. %achi.de tool3 tere early on'the list of critical items. Months 
bb~ore'PBar~.Har~or'tht;'re was a' realization that the tools needed for 
the military program then on paper, were non-existent: An early appraisal 
revealed that the programs then considered huge, but later increased many 
times, for ships, aircraft; 'tanks snd 'o‘xdnnnce, ,would use new and large 
tools ,far in excess of anything available; and that t5me was needed for 
the building of these tools. TEo Office of Froduction Xanagemcnt, the 
predecessor of XPI3, moved in by placing "pool. orderstf for tools that 
would be later needed by the prime and-sub-contractor%. Government funds 
were made available for such purchases, and it was expected'that the 

. Defense Supplies Corporation would pay for and hold the tools until they ' 
were needed. However, as events developed, these tools were shipped and 
.paid for by indivLdua1 contractors as soon as they were' finished, and no 
large inventory of tools was' ever acc,&mulated, r'Pccl orders" was a 
necessary device in an industry,such as tools, 'since the production cycle 
WLS .lcng, and efficient production required sizeable lots of one type. 
Accordingly, 'lpool crders" were continued well into 1944, and were dis- 
continued only wheri the demand for tools had fallen off sharply, Sched- 
ulirig in this industry was accompanied by assigning 75% to the Army-Eavy 
Kuniticns Board, which in turn allocated to the Armed Services tl;eir 
various percentages. The balance of the 25$ was "hand-scheduled" by the 
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Board upon the showing of need.' 'Ihe device of frozen order boa,rds and 
diversions between customers proved to be the fore.~n~e~,~f-.~h~,~~~ccon- 
trols in many other items, Ihe; *bulk alloc,ation. method wi,th detailed! 

.' allocation by the claimantwas adopted for materials in .the .Controlled 
8 Materials Plan. 

'., 
' Steel. ' r I, .:' ', I : I- ,: 

., 
'. Another. type.of-scheduling was exercised in such widely Gs'ed com- 

.' modities as steel-.. ~This was the "production directive". The, Board 
informed each producer ,of steel, quarterly and monthly, as ,to what he 

. should produce. These praduction directives stemmed from a study of, 
important programs and the types and sizes of steel needed ,to, ac'compiish 
the production 0bjective.s.. As will be realized, 'this type of control 
was .an approximatE; one becs,use of the complexity of the problem, but.aJas 
zhe only one possible in.an industry llit,h so many ramifications. P?ren- 
thdtically, it should be said that this was true production schedulin.g, 
as distinguished from scheduling.of shipments. Itwill be noted t'nat 

-' many 0 f the controls -&ritb which this pap CT deals w&c concern& Tl,$th 
scheduling of shipments ) '!Vhi ch ,in turn required tha 'mannficturer to 
schrdufe productioni HAYWIRE, as gen'> AAczrally used during World .YSr ,I'I, 
the term Itproduction scheduling" covered not only the scheduling,,of 

v.$roduction, but also the scheduling of shipments. ,. ,'I : 
:  . I  

T?E Record and the Lesson 
: ,, 

. . . 

The~record shc~s that production of munitions and construction 
valued at August, 1945 prices, and stated in billions OE dollars per' 
montln, was as follows: at tha end of 194O, 1,/2, 194.1, 2; 1942,' 5;. 
1943; reaching a. peak cf 5-j,/& in n'ovember-, and Leveling~o?X‘to rbovt , 
5'1/2 'billion dollars psr month in 1944. The winning of the groduction 
battle in 1943 made possible the landings in France in 1944 and victory 
on all fronts in 1945, 

, 

I was privileged to see at first hand. tn Europe for some six 
months before V-E day- the flow of matcri:ll'to our fi$hting forces. The 
supply proved adequate and f'lorved over a ;Jeritable brid,ge of ships and 
8. river of trucks. No cncmy could long survive that,avalanclr,e'of, s&cl. ,,' 

. 
It is realized that the next TTar may b,e 3 very different, onc from 

the 8last. Mew weapons will change the emphasis on.types of producticn. 
It may well be that the volume required,may be much less or greater. 
Yihe preparation for production will necessarily'be geared to strategic 
pl~&ng, but once the requirements for ships, aircraft, tanksand or&- 
nance are determined, i.t is possible to total the requirements of nete- 
rials and components, It-is indicated that a high-level group be"in: 
exisinece, which would include in addition :to representative's, of the 
Armed. Services, persons cognizant with othc ress.entia.1 requircmcnts, 
wh wo'uld study :.nd, de te ~m%no. the allocation oi .the total pc tential 
su;3ply of aztericls,. compontnta, .facili.ti~s and, mnnpcwer. 

,, 
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In IPorld'%r II, general s&zdulj& of products and mat,erials~- 
tl~at; $s 'the &lancing of su@l, ~~'~and demand--evolved by trial and error -\ 

a year after Pearl. Ziarbor, and another $eBr passed before pr0ductioa 

reached its Teak. Fanp lives were lost by the de,lay. Possibly the next , 
time the interval between our being attacked 2nd ;wr king ready,. if it 
is'again 23.0 long, may well. yrcvwfatal; We haT;e had experience-let us 
profit by it. 

&!!?li‘hI 2: $&$I I!GT ()A : 

_.- 
:e are now open 50 questions, 

Sn our corrmittee we frequently- Pus- into the two.terms "program , 

scheduling" and "production scheduling." Up .to date I have gotten as ' 
'many different definitions of them as th, r people I have talked to. I 
wonder ii. you, would add to 5~2~ perplexity by Giving me your definition. 

LlR * ' 7 L~'z?I\!Ii : 

"Program scheduling " i&s a tcrm.,used in the Controlled Uaterisls ' 

Plan. It required the Claimant ligencies -to scherlule programs of eSd / 
products,and to translate -these programs into quantities of controlled 
materials by calendar quarters. Prorluction 
manuf&~$urer~s level, and 

scheduling was done at the 
schedu.led the production or more usually .the 

shipments of the particular manufacturer. 
! 

A ST'JiJI?Y': ~/ 

llovr far could the military EC in establishing ?)riorities? Where 
Ooldla the WB step in to avo'd irite.rierence :_ith its production progwm? 
There has to be some balance there. You mentigned your cor,trol of 

\ components that was made b-7 ?F?i;, and said that it had-.to be done in 
order to get out the adequate oolu~le. Fut; then, 0.f '170:~rse, 0Ur military I' 
program must bc established by t!~;l operating i‘orcea e Lm far should 
~t;?x+t go? n 

l,CR 0 F&g)" : I L 
s 

That was a n:oot point s':wly in the war. 2.t got pretty Vie11 settled 
as we went along. 

It w1s quite n?parent, .as long as we had a large amount of non- 
essential production in the civilian, economy, that under a priority 
syiterii the military could ta4e those things -ha-t were non-essential in 
the civilian econor:.y. L~owevc r , as She military progrm expanded, it 
became evident that even if this program too& ev~;;rything, there ;~ro~~.ld 
still tiot be enouglh to me::-t -t3e program. T:ie mili-tt:ry progra:n ;-as 

, 
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larger in 1542 than the whole production of materials could support 

even if we gave no-tnirg to the civiliac SCOIlOlTFr. 

It; becrg,pe evident thsn that Ynere had to be allocation, a:ld that 
some of the mnterials had to be allocated to -the esszr,-tial ~&;s of t%e 
civilian eccnoxy. The railroads :?nd to keep going. The fzmors h-d to 
have sme fam equipent in order to produce Eood in large volume, md 
t!%erc VJCI-e rmT;lT otklcr esscJkia1 x?e&s -';h3t i!xi to be tckcs care of. 
As the controls eT;olved IV??3 nliocate'd a1.i matsrlals which acre es s cntiaL 
to 7roduotion. 

In the? matter df components, take a -thi'clg lilx electric xotors. 
Slectric 3otors vent iiI.to shins, tinks, w-d aircraft, all kinds of 
Crdnmce equj.mxrit, and to many nex iCdustri.nl nlants that were m.kir_g 
the Icilit~a-- it&s. 'fhe military could not. in i;hc sature of thicgs 
sliocate motors to all users. They could o:?:y irdicate their 0773 x+c;uirc;7- ^ 
merits. 

WPQ then reconciled essential r t: Cj,i:. i rcmen ts With swwly nnd allocated ., 
the su @y azong the clnirm~ts, Production scheduling 1v3.s sir?ilarl.y a 
me5hcd oi nllocztion v&ore dmnnd cxoeeded supply-either of one mo.nu-. 
fntiturer or of 3. group of mmul3cturers, 

$& syuj)TJyJ: 

90 you thin.k it vro~ld be Possible or feasible to constpct and use 
fiscal control, thza-t is, :1. IiF:it on the :m.c~Lant 0: ;ronq avaiiabie, of 
the armment grogr',m, including Lend-Lezsc,' so xi to limit it to that 
portion of the nnticnal. production as P~cLai~ be avi-alable fdr that 
purpose? 

The doilsrs would con:trol the total. volume but would not coat-rol 
the type 02 productio:l, It wns necessary to lwve a det~lled con-trol of 
"bottle-neck" items. SOill@ ;,rogr7ms used steel, SOL!C USC>d GO'??er, and 
sme used a.Lwtinum. 'chc original S-imii;:xtion on the aircraft production 
wis aluminum shcot, ?ropxns are l.imited by the sa3cly of cr-itical items, 
either ma-.-teria',s or compc~l.mts o 'The dollar control is too broad. You 
3ced 3. continous study of the crit$c-I. items 
be the toto.ls of r;rogr'lxs usi-!;,? those i:;ems, 

to dctcrminc lho-6; large can 

-. 

T!mnl< you very mv.ch, ?Yr. Frank, Zor 3 verv valu~5le kdk., 

. 

(i.9 Feb. 1947---3EO)E 

REXTlilCTED 


