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PRODUCTION SCHEDVLIRG ON A TAITONAL BASIS.

6 December 1946

'.CAPTAiNWORTﬁINGm&«* e e

s 1t ig a pleasure thls mornlng to welcome Mr. Wllllam K Frank to;The
Industrlal Gollege.,“, . S - A St "

N, Frank is & graduate of Cornell University wltb the de Iree of le-
chanical Frgineer,which he received in 1911

'In the period 1911 to 1926 he served in various capacities from
. chemist to general manager of the Damascus Bronze Company.:. In 1926 he .
left the' Damascus Bronze Company to accept employment with the: Copperweld
o Steel Corporatlon. His career with this company has bsen a series of- ‘
successes and promotlors. At the presént time he is"the president of:
the corporation. , ' : o I

In October of 1941 he was called to Wasbmngton and” the government
service with the Office of Production Management, where he served as
consultant on production problems. In July of 1942 he was. made chailrman
of the Resources Production Board of the War Production Board.: In <.
November he was appointed deputy directer of: the General Industrialv
Equipment Division of the WFB, and in December, 1942, became the direc-
tor of that division. In September, 1944, he was a0901nt9a technical

. advisor t0 the lrdu«trlal Equipment Requlrements Bection, and in June
of 1945 became a sceC1al asulstant to ‘the D ¢ector of tho War Freduction
- Board, . o e T ST S

Wlth fhe termlnatlon of hostllltles, He retutrned to 'the Copperweld
oteal Corncrdtﬂon s resume klg uutles as pre51aent nf “the corporatlor.

The subgect of hlS 1ecrure WS "9roduvﬁlon SChSdullD? on - aﬁk

{

. tlonal
.Ba51s M. Frank.. IR L R :

MB.. F?AFK"
_ Gentlemen, “this subgect of oroductlon schedullng is somethlng very
close to my heart.L is you know, we wére in bad trouble early in tbe _

war. Vie got out of 1t onlv tkrough production scheduling.’

It soon developeq in World War IT, that usually 10% of the manu-
facturers shipped 90% of the product. For instance, if there were 100
nanufacturers in the industry, the ten largest accounted for avproxi-
nately 90% of the production. Accordingly, the War Preduction Beard
concentrated on these ten largest for detailed scheduling and required
only general reporting from the cther 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: An
advance estimate of monthly productive capacities--orders received. during
the month ~ orders shipped during the month - orders cancelled during the
month = and unfilled orders at the end of the month. When the unfilled
orders of an incustry 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 will 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 o7almants for proper scheduling include
the folleowing: quantities, type, accurate delivery date requirements,
and rame of manufacturer where possible., As will be realized, this was
a task of tremendous proportions .for such large claimants aS'the Army
and Navy. However, many branches of the Services'did a perfectly amazing
job of knowing their requirements in great’detsil down to the last sub-
component., ) : '

Outstandwng exanples of detalled knowledge of comoonento'were in

the two landing-craft programs. The success of these programs was un-
doubtedly due to detailed knowledge, and can serve as a model for future
operations. 1 cannot press too strongly on this point of detailed know-
ledge. ‘
o 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 tabulated quickly.

The year 1942 was a critical year in production., It was in this

- Jear that trial and error produced organizations and mechanisms that

were to stand for the balance of the war. It 'was during this year that
. the solution was found of relating reaulrements to the available resources
" of the nation. At the top level thé problem of long range programming
involved the collaboration of the President, the Joint Chlefs of Staff,
and the Chairman of the War 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 1o handle the
problems of this level were the hkequirements Committee in the War Produe-
tion Board devoting primary attention to materials, and the Production
Executive Committee devoting primary attention to program scheduling.
The ldst step in this chain was the actual flowing of the materials,
.components and éguipment to thé individual industrial plants that needed
them. 7 :

By the fall of 1942 it had become evident that the nation had been
" working upon a set of production objectives for 1942 that had more than
doubled since the beginning of the year. Trey were well beyond the
practical 1limit of feasibility, and it was decided to concentrate resources
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and. energies upon a "do-able" proportion of the ppogram. The Productipn
- Exeeutive Committee was established and included with ¥t..C.E. Wilson

as Chairman, vepresentatives of the Armed Services, and the 'U,S. Mari~
time Commission. It was made responsible for the scheduling of th
various production programs of the Awmy, Navy, Maritime Cqmm1351on andb
othérs,‘in*order to insure that the-schedules WOQld‘not conflict and
~were consistent with the maximum productive possibilities of the national
economy, and were in accordance with the strategic requ1remontﬁ of the
Chlefs of Staff._

¥

CompOnent Scheduling o

A sub-comittee--the Committee on Production Scheduling--was estab-
lluhEd, agein with representatives of the War Production Beoard, the
. Armed Services and the U,3. laritime Commission, This Comvlttee con—"
cerned itself principally with scheduling of components and partlcularly
with a llst of 34° crltlcaL components.~

Ceneral Sohedgling Order M293

It was decided to incorporate all of the criticaT componsnts into
one scheduling order sc that there would be urlformlt" of treatment in
2ll matters. ,

This led to the 1ssuapce of General Scncdullnc Order EQQB, on 27
Febrhary, 1943. . .

Tre components 1listed were classified in 3 categories, "X", myn

and a third unlabeled group, Yanufacturers of products within the "XV
group were required to (1) submit a regular operstions TPDOrt showihg
productive. capacity and orders unfilled, received, shipped, cancelled,
and scheduled for a specific period prescribed in the form anollcable
10 the particular componerity (2) report delivery schedules for the
“specified pericd; (3) deliver components only under the schedule as -
approved by WPB. Once filed, the schedule was to be followed regardless
of preference ratings or dirsctives, These were "frozen sckpdulov”
: to be changed only by The Industry DlVlblOn.

B

f

‘The "Y" classification, contalnlng only 7 types of items, included
the most critical. compcnents. Almost a1l were already under existing
scheduling orders. Fersons seeking t6 place an order for any component
in Class "Y" would first have to receive specific authorization from
VPB, which would specify the merufacturer with whom the order was +to

be placed, Having been given such an order, the mamifacturer would make
delivery in accordance wlth the schedule regaraleso of preference rat-
ings of other orders. . '

- The undesignated category contained the least critical of the com-
porients listed in- the order,. ¥anufacturers invelved in this category
were required tc submit cnly a regular informaticnal report to the Board.

PR

A
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Dur1ng the succeeding months. Order 203¢was generally well recelved
by industry,. “the claimant agencies,-and the public. In most - cases,, once
- the components had been scheduled, : the, shoruages dlsappeared.r.f“
: By late spring 1943, the adminlstwatlon of. M293 waa smooth ano the
general problem of component supply was: .considerably relieved, the excep~ :
. tions being steel valves, beat exchangers, and-aircraft control instru-
ments. - . S . . R L

, In the fall of 1943 an additional category was added to 1293, this
being designated-as "I category. The "ZM" procedure .was gesigned to
‘ (1) identify orders of the programs with the end-usé at’ eachcnntractlng
~level; (2) establish shipping dates-in-hanmony. with  the building schedule
cf- the end-product or project; and (3) free=m shipping schedules of
m‘certaln orders w1tbout sending the complete,order boards. to Washington.
- The procedure was mandatory when initiated by certain claimant agencies.
, lelted to 16 control components and & -sub-components, it was sirengly
- opposed by industry advisory comnittees, It was tried out on the ship
program of the Avmy Transportation Corps.  Manufacturers believed the
procedure would not accomplish its purposes "and they reséfited the added
paper work involved, . Their protest were heeded and the procedurz was
© amended 1n early 1944. . e :

~ Component Scheaullng Procedure

A task commzttee composed OI raormsertatlves of the Armed Serv1ces
and WPB had been working on a revision of scheduling procedures, and in
June,. 1943, Component-Scheduling Procedure (CSP) was announced for certain
‘selected groups of programs. The plan sguzht to require claimant agencies
and their prime contractors to. program. for several months in the future,

~indicating their requirements for control components . to . the full extent
~of the future program. Control component manufacturers were expected to
indicate their promised delivery schedule against the required delivery
schedule presentaed to them. This form f{lowed back to the prime con-

- tractor and was returned to the claimant agency.

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 greatest difficulty facing component producers
was. their inability to.place their orders for controlled materials until
‘they themselves had received orders for their oroducts. The time lag
was too great for efficisent preducticn, : S

Cortrol of Mat@fialo

Until late in 1942 it was materials rather than facilities, com-
ponents or manpower that seemed to be the basic resource through which.
controls of the productive process could be oChl@VGO. Plant capacity
was not.a serlously'llmltln" factor in achievement of high production
goals. Components did not oonstltute the major limiting factor in

v
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productlon until the fall of 1942 and. machxqery for- controlllng the
“flow of components was not, fully matured by the end of the year. Nanpower
had not yet emerged as an acutely limiting. factor, Materials therefare
appeared to be the clue to the achievement, 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 1mportant plants of the country. The year 1942 started with a variety
of material dlstrlbutlon controls, including individual preference rating.
certificates, blanket preference rating orders, allocation schemes for
particulsr materials and the Production Requirements Plan, known as "PRPY,
Preference ratings had by 1942 become wholly inadequate as the principal
control over the flow of materials. They were qualitative ratings with
no quantitative 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
apollea it to a succession of materials, each of which had a different
degree of shortage and the preference rating currency was progr6551ve1y
cheapened, as all producers sought 'to obtain higher ratings as they dis-~
covered their existing ratings were worthless in procuring materials.

C In addition to the preference rat ing ‘system there was also a group
of ‘allocation schemes for particular materials, The virtue of any alloca-
tion scheme was that it defined the quantities of materials to go to any

. part1cvlar user and operated within the limits -set by available supply
‘of the materiazls., Individually operated allecation schemes, -however,
had two basic flaws. The material branches, of WPB did not feel bound
to adhere strlctly to the prefbrenc° rating system, since 'this system

., was in disrepute and was rot regarded as an accurate indication of the

_,flmportance of the psrticulcr use of materials to the war effort. The
_ second pr1n01ﬁal objection to ‘controlling the Fflow of materials through

”1nd1v1dual allocation systems was that each system operated autonomously

. under a particular WPB materizls branch; with the result that coordlna—
tion in the flow of materlals was 1ack1ng.

Production Requlrements Plan

. Along with the preference ratlng aystem and allocatlon schemes, the
year started with a portiom of lndustry voluntarily under PRP. PRP™
wedded the preference rating system to the allocation idea and added
‘the principlé of coordinating the allocation of all important mateérials
‘to assure a balanced flow to the manufacturer. It furthér related
authorlzatlons to. 1nveptor1cs of the appllcant -

PRP was made mandatory for the thlrd quarter of 1942, - A1l indis-
trial consumers of hagic 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 &nd-use; preference
ratings-~limited as to amounts of materials--were issued to the appli~ -
cants,  This was a "horizontal! allocation plan, in that the authoriza-
tions passed directly to the user of the materials, as contrasted with
a."vertical" plan in which the authorizations passed to a claimant agency,

\
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lthen followed down to the pr1me~contractor and then down to and through
J;a cmaln of subcontractors.x . , ‘ ol

The searcnlng aoout for a, mgster control system contlnued revolv-

—~*ng about the relative merlts of "horizontal allocation® and "vertlcal
,1allocatlon" pr1n01pleo that constituted the’ cores . of respectlvely the

‘3ﬂProductlon Requlrements Plans, thé Controlled Materlals Plan, Fad the

tota7 demand. for materials been brought in balancc Wth the’ supnlj, the

.Fshortages encountered By particular wanufacturers under, PRP would not

kave. ocecurréd. . The d1ff10u¢ty stemmed from the fact that audthorizations

;,always greatly exceeaed the production of materlals.' A feasible program,

advance contrcl of the placement. of orders, and a strlcter contrdl of

i;productlcn scheduling were all 1dent1f1eu at the time as esuentlal pre-
requisites to iz operatlon of PRP All of these isdues were not settled
,untll the fall of 1942 or later, and’ PRP was "being asked 16 solve problems

that were beytnd the ¢apacify'of any scheme d631gned mereky to gulde the
flow of. materlals ‘rough 1ndu<try

A

‘ Desplte the shortcomlngs of PRP thls was: the Systen that provided

f,the basic flow of materials through the third and fourth gquarters of
71942 and the first quarter of 1943. In the second quarter of 1943, when

" the transition was beifg made to CNP, PRP authorizations’ ‘continued. to
" . be martlal’" effective, . Thls perlod from Julj,_194 » to March, 1943,

“and in. part to Juns, 1943, was in many ways the most oruc1al in “the battle

of producilop. The. great rige in production wu-ch was' to reach its war-
time peak in the Fall of 1943~ was coincident in large oart with the PRP
method of controlling the flow’ 01 materﬂals., 1t was zed¢1zeo that the

‘budgetlng of materjals could mot really be efLectlve without a comprehen-

sive scheduling of at. least *He most 1mportonu programs, oartlcuiarly the

- important mllltary programs such' as Sblpbulldlné, plang productlon, ‘and
_ordnance, With' such scheduling and the consequent evaluation of cuan-

tities and needed times for Wéﬁerldlq, either a horizontal allocatﬂon
system or a vertical allocatlon gystem would prove effective. "

Controlled aterlals Plan

. However, the, adVOcates of vertical allocatlon capitalized on the
apparent failure of’ PRP; and on Lovcwber 2, 1942 after all government
agencies concerned had reached an abreement on +he fhndawental principles,
Controlled Materials Plan was publicly announcad CMP was designed to
neke certain that production schedules were adgusted within materials
supplies. This end was' to be accomplished by adjusting requirements of
the controlled materldls-——copper, steel and aluminum---to the available
supply, and’ then makirg avajlable at the tlme nezded the types and amounts

of these materials necessary to meet the varlous programs. scheduled under

the. plans. o _ ‘

Under the vertical allocation system prov1ded by CMP, the- Requ1re~

‘ments Committee of WPB held the material purse-strlngs,.rece1v1ng ap-

pllcatlons from and making allotments to the various claimant agencies--
Army, Navy, Maritime Commission, Lend Lease, Office of Civilian Dupply,

-6 -
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f‘feto.»‘(EventualLJ‘there were some 13 clalmant agen01es coverlng “the whole  ”

_economy.) The claimant .agencies would then 4llot to their prime con--
'suners, and th@ secondary consumers~*sunpllers to prlme consumers--wou]d
‘receive thelr allotments of controlled materials from a" orame consumer
or from another secondary consumer. .

1"Class A" and-“Class B! Products

: Tne Droduyts mdnufactured w1tb contrc¢led materlals were 013531f1ed
as’ "Class A" products, and "Class B" products. "Clasa B" products were
intended to be those items normally sold on the open market and those
sub=-assemblies or miscellanecus or specialized ditems of -equipment for
which individual specific allob?ents to prime consumers were deemed.
impractical., In a loose sense "B" products were shelf dtems containing
“controlled mater1als and used for a variety of purpcses, both military
and civilian. Among typical examples were bearings, bolts, nuts and
rivets, "B" products were listed. All cther products were "AM,

As the CMP evolved, a manufacturer of "B" products made his appli-
cation to.and obtalned allotments from the appropriate WPB industry ‘
division. Each clalmant agency presented its: claims for "B" items to-
the 1ndustny division and the Dividional Requirements Committee reconciled
. reguirements with 1espoctlvr supplies -of "B" items: and.translated the-
approved requirements inte their. gross materials content. Each claimant
then included the appropriate portion of such material réguirements with
“hig requirements for WAM 1tme and submitted these statements to the
Requirements Committee. ¢ Requirements Committee in . turn weuld ‘allocate
to all claimant ag@ncies ll materials required for both classes, of itemsy
‘ w1th1n the limit of supply, and the claimant agency would then notify
approprlate industry divisions as to. the "B products for which it was
makwng a part of its naterl¢1 available. .

There was no more difficult problemrunder CVP than the determina-
tion of the classification of items as A" products and "B" products,
‘This went to the heart of the conﬁrolfsystam, CMP. had been armouriced
as a vertical allocation plan but it had been recognized that vertical
allocation was not the appropriate method for distributing materials to
all manufacturers. A portion of the total supply of matorldls would
have to flow under the norizontal allocation system to producers ¢f”
certain producis. The graster the length.of the "B" list,- the less
would CMP be a vertical allocation system.. WPB was. caught between two
fires---on the one hand, it wished to keep. the numbem of MBM proaucts
down in order o achlcve the many advartages of vertlcal allocation,
chief of which was the tying of manufactursrs’ productlon schedules to !
end product programs, and the close coordinztion of materials 21lotments
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 -the one who was
required to make the firsit delivery in order to start the assembly chain..
1t was pointed out by an electric motor manufacturer that it was neces-
sary for them to estimate proqnectLVﬂ orders and order and recelve
mater:als long before they received actual orders. Further, in order
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to ‘have runs of practical quahtities, t was nvcessany £o "basket" orders.
If allotment of materials was- to follow crders, the Droducuxon cycle
would ‘be lengthened far beyonﬁ the t;mevordlnarle @xpected by their

customers.

>

The pressures for shortening and lengthening the YB" list continued

through 1943,

and into 1944. In the middleé of 1943 approximately 75%

of the controlled materials were being allotted to "A" products and 25%
to "B" products. , At the beginning of 1944 it was announced that all
except aoprox1mately 20 "B" items would be handled as "A" items to the
extent that they were involved in scheduled production programs of pro-
curing claimant agencies. In practice the procurement claimant agsncies
~found that except for a few items where the contracting chain was rela-
tively short it was more practical to secure their requirements as "R

~items and they continued to furnish the industry division of WPB mate-
rials %o allot to manufacturers as heretofore,- .

The functions of the operating divisions of WPB included the com-
pllation of estimates of supply and demand, the production and distribu-
tion of the products of the industry, in accordance with program deter—
minations, and the authorization of the purchase of materials and products
by the industry. The industry division was responsible also for expanding
the supply, curtailment of less essantial consumption, and the assuring
of optimum wtilization of the industry, as necessary to meéet essential -

war . demands. -

In each industry division was a divisional reguirements

committee, chaired by the division director, on.which were representatives
of éach 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 between the Services and the division.

It was in the industry divisions.that the scheduling cf materials and

B produots

was performed,

The methods employed were as various as the products dealt with,
but the following few examples with minor va*latlons falrly cover the

range.

\
\

HandkSChedu1ing Comgréssors

Early in 1942 it was becoming evident that we faced a problem in
large compressors, reguired for new facilities then being planned for
‘the production of ammonia and toluene for ‘explosives, synthetic rubber,
avization gasoline; oxygen, and the like.. "In attacking this problem the
procedure cutlined at that time was as follows:

1‘.

h

Secure from the. various agencies detailed informa-
tion of requirements, and from manu?actbrers their
capacity to produ uce. - '

Exapine order books of maru*aothers to determlne
which orders have been placed :



"ev3;;{REVleW expan51ons already authorlzed and determlne :
- ‘need for addltnonal expansvcrs.gﬂwgww,~yu -

e EDevelop new. sources oi manufacture.

B ,:7 ;» o N .

,5.,~A3a13% manufacturers in expedltangjexpansicrs, S

o -securing materlals, preference ratlngs subcoptracé( ‘
. tlné, flnanclng, etc.'Vf” - R

6. Revmew crder books, re-examire: schednled de—
livery ‘dates of existing orders; and. reschedule“
- ~them after, 1nVest1gatlor of the indicated cresent
:needed detes. oo .

;7,}'Check evallabillty of ex1st1ng ccmpreosors.

8, ;Check coss1b111t1es of furmshlnG laraer number
o of smaller unlts fcr cerfalr requ1r°ments._,

O Investlgate adv1sab111ty cf olac1ng pool O“devs
.. and, if advlsable, determine’ the rumbers and
types to be ordered.v 5 T .

”110. App01nt Adv’sory Cowmlttee oi Industry.

1. Recommend "freeze" and oth@r orders.

. a ; : s
. ~12.,_Secure the neccbsary a5alstance of ali ucvernment -
et ﬂe- ,agenclcs ena tho 1ndubtry in carte of ‘the. program._

_ WPB put together a taif consdsting of six men famlller Wlth com-
©pressor: wroductlcn and’ use with authorxty to take all n ﬂecessary steps
to effectuate the program, This unit was -authorized to act as the sole
contact between the manufacturers ‘ard’ the procurement agencies or ctber
customers in éxpediting the dellvcry ‘of the compressors.

The 1nd1cated requlrement for the fo¢10W1ng twelve months of large
’GOWpresscrs, that is, ‘those of 300 horse~power and un, substantially all
of which were d*rect enclne—drlven, was in the, neighborhood of 1,000,000
horse-power, with a similar requirement:for the succeeding twelve months.
The customers had bulked the deliveries in the fall of 1942. From the
. data -then at hand, it appeared that there was an insoluble problem and
that many of the new plants descerately needed would be held up for lack
-of compressors. . Elght month ' prcauct1on was needed in four.

On Aprll 17, 1942, the Board 1ssued Ordcr LlOO, which became the
model foy many 31mllar schedullng orders. .Prohibi ted was the placing
or acceptance of orders for ¢ritical compressors unless specific author-

» cization was made after acpllcatlcn’to the Beard.® Manufacturers on whom

orders were authorlaed weré required to accept such orders. In additiony
‘regardless of any prior ccmrltment cr pre?crence ratings, manufacturers
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were to. deliver cvmnreqsors only in accordance W1th schedules approved
by WPB, :

Before issuance off the order the principal manufacturers were
called together as an 1Pdustry advisory committee, and assured us their
cooperation. - As will be seen, the order was drastic in i%ts terms, and
required a ‘great amount of paper work on the part of the manufacturer.
However, the producers were under terrific pressure from competing claim-
ants, and welcomed any mechanism that would relieve them of the decision
as to which compressors should bé delivered first. )

After receéipt of the order boards fromthe manufacturers, the group
began wearing out shoe leather consulting with the nfocﬁ%ement‘&gencies
on those compressors identified as coming under thelr jurisdictions, and
determined the latest needed date for the equipment. ~Sooh after this
crew got to work it became apparent that customers had fequested, in
general, ddtes much earlier than the actual needed dates.’ For example,
one plant had-ordered- ‘delivery of 45,000 horse-power for October, 1942,
when an optimistic estimate for the start of operations was late 1943.
When the true needed dates had all been secured, things . 180ked better.
Freezing of the ordér boards ‘allowed érderly plannlng for production, per-
mitting raw materials to be secured'in time for needs and allowing work
once started to be completed. OUng of the principal difficultiecs being
encountered was the "leap-frogging" of one order over anotheér by reason
of the securing of z better preference rating by the agency interested.
Castings and forglpds ‘ordered for one s€t of machines as well as partially
completed machines had to be put aside and stored, so that work might
begin on later orders that had received higher preference ‘rating. A 25%
expansion of facilities was accomplished through the expediting of the

. tools and the construction needed. Continual pressure on the contractors
. * for subcontracting of parts also speeded preduction. While it was neces-
sary to continue "hand scheduling" into 1944, the 1942 fall crisis, which
was thought would wreck. the facilities program, actually never occurred,
The situation had appeared so critical in May, 1942, that the Require-
ments Committee staff recommended that policy level decisions should be
made on the basis of the few highly critical materials, and named the
following: steel plates, alloy steel, copper, aluminum, rubber and com-
_pressors. The crisis, however, evaporated and there is no record of any
important plant failing to go 1nto operation because of late arrival of
a compressor. :

The mechanisms for. handling this scheduling may be of ’nterest A
master order board, similar te those used in the old days in jobbing foun-
dries, was built and erected. This board mezsured some six feet high
and twelve feet across, and occupied one wall of the room that housed it.
‘Across thz top horizentally it was divided into thirteen spaces, twelve
for the months of the year, and one for unscheduled orders. Under each

'_morth, also in a horizontal column, appeared the names of the seven prin- -
b'cipal ranufacturers. Vertically along the left-hand ‘side of the board,
~and again ih duplicate along the right~hand side, were titles vndlcatlng
 the size and type of the compressor. We now had twelve monthly divisions
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'horlzontally across th@ board _seven’ minor d1v1s1on unde” each month _
horlzontally, and some twenty comprﬂssor types lnated vertlcally. Nails
were driven part way into the board in each cpacev~—some 1700 1n.a11—~~
prcv1d1ng the pegs on which to hang tickets. Tlckets were, typed for all
of the. compressors shown on the: order books of the manufacturers, care
being taken that only one type was noted .on any ticket.. nherﬁ more than
 one month of delivery had been indicat ed, senarate tickets for separate
months were made. .Different coloro of the thKets indicated the type

_of drive, .that is, whetber steam, gas or electr;c.‘ A hole was punched

. near the top of the ticket to allow-it being hung on onp of fhe nails of
. the board. : : '

This all owed all of the orders to b@ sorted by month of dcllvery,

ﬁanufacturer, type of unit, and kind of drive, When all the tickets
had been hung on the 1700 nalls, the overloaded and underlouded portions
of the board could be seen at a glance, Where any DafthU1ur spot was

overloaded, conferences of the claimants were called and I'am glad to say
that in every case it was possible to reach agreensnt after a full hearw
ing, While ‘the major erisis had evapcrated, minor crises continued to
occur almost dally. Battle- damage occasionsed ensiderable diversions, all
of which were amicable, Thc Tavy 5ot four needed compressors at Pearl
Harbor in thirty 4 ays, . tkrouvh dmvcralonq with the . .consent of Army Oré-
‘nance, The Boston Navy Yard was'ablw to get 2, dompressor in three weeks
. to put'a damaged escort ‘vessel back to- sga. by . dlvertlng oneg from a.new

. steel foundry, the completion of which.was le ter than the . orlglnal,
expected completion date. : : A A DR

Other suoh 1nduqt“y—w1du “hnnd-schedulﬂng" 1ncluded largo turbo—
,blowers, nigh 1 pressure boilers and hest exchangers., Fortunately, it
was not necessary to. "haﬁd~schedule" tco many completc industries.

" Blectric Controls,

In generﬂl, such sckedullng of a few comﬁdrlps onLy ina partlcular
industry solved the preblem, usually there being a few leaders who were
‘Forced to take o rders in excess of their capacity. An examolc of this
~was in the field of electric yontr915a~~0utler~Hammer was in trouble in
_the fall of 1942. "Leap-frogging" and uprating of preference ratings had.
" proceeded to such an extent that substantially everything on their boocks

had been raised to an Ad-1 category. They were receiving hundreds of
expediting telegrams and ghone calls daily; a large staff of expediters,
many in uniform, were at the mlJnt,pr6851ng the management for earlier
dellverles. Electrie controls arc small but 1moortant Ul@CCS oi appa-
;ratus—-con51st1ng of from ons to ons hundred items mounted on a panel,
i%onthly items ran into tbous*nds for a company the size of Cutler-Hammer.

; " When. "hand~scheaullng" was Llrst proposed, the size of the proﬁlem
,horrlfled everyone consulted, . However, there appeared no other solu-
tion,. Evéry oxder was accordingly: identified with the end-use, whether

Ca Partchl%r ship, an 1ndustrl@7 facility, or the like. The ship sched-

»Lles‘o the Navy, Narltlme Comwﬂsswon, Qnd Army shipbuilding units were




‘8Secured and képt up to date. ILead times were set for the time of ship—
ment of the control as so meny months before the completion date. of the
ship. Similar sc¢hedules were secured for completion dztes of the "varlous
facilities. The complete order board was then rescheduled in terms of
needed dates, allewing ample lead time., Before the orders were resched-
uled,fvequchd 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--and Cutler-Hammer went out for mors
business. As will be realized; the task of covering some 17,000 items,
and 2,700 orders, took considerable timé---some ten thousand man-hours---
‘but as events vproved, it was well worth the effort. After the initial
rescheduling, it was a simple matter properly to schedule hew orders,

by insisting upon an identification of the order with end-use, and then
“applying the Drzdcterw1ned lead time to the complation date of ths end
product. R ’ '

Welding Hods ‘ : _

Welding rods® used in skip construction and in the many industrial
plants working on essential programs proved to be a2 type of problem that
-did not lend itself to” "hand-scheduling®. Estimotes were made of the
monthly consumption cof rods, taking into account the shipbuilding pro-
grams, construction of industrial facilities, 4nd misecllancous uses.
These early estim&tes preved to be remarkably accurate, and although the
situation was always tight, since it called for a rapid monthly step-up
in rod productions up fo March, 1944, it is believed that no important
project was delayed through lack of rods. Almost daily shlpyards on
the West Coast engdged in the Karitime program would call the welding
rod chief in WPB demanding ¢ additionzl and immediate shipments, saying
they were about to shut dowr. for lack of rods. .5u11cv1ng‘tnwt they
were receiving ample rods, based upon manufacturers' shipping reports,
and shipbuilding schedules, he sent out investigators to determine the
size of inveniories. These he found were large and mounting. Accordingly,
he determined tc outguess the complainers; --- one day, befere he had
received any calls, he phoned  those West Coast yards saying he was
stuck with an excess of 1,000,000 pounds, and asking each of them to take
this quantity off hls banda.A (If any bhad called his bluff he would have
- been in trouble 1 ‘However, he pot evasive answers with promises to call
back if they could usc the rods, and from that day on his calls from the
‘West Coast stopped. - This device was used in several other commodities,
‘and oftén proved effective in stopping panic buying, It will be remem~
bered that when rationing of coffec ended, the demand immediately dropped
offs It is human nature tc hoard scarce commodltlbs, and to use up the
accumulated hozrd when the supply avpears adequate. In period of expand-
ing production, large demand is occasioned not only by large consump-
tions, but also by the filling of larger plpe lines and by hearding.: In
the case of welding rods, the controls which proved effective required
large users to make a monthly request for authorization to buy, identifyin
the use of the rod with particular programs and schedules, and tabulating
inventories on hand. These requests werée balanced w1th the Droducers'
capacity, ~and sjlpments scheduled - ccordlnvly;_,
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Vachine Tools .

: Ant1~frlgtlon Bcarlngs

Another 1tem that employed a modlzlcaslon of ths typc of control
was anti-fricticn bearings. It 'will be remembered that the acute situa-
tiori ‘hit us early in 1943, and continued for the rest of the war. Fere,
again, panic buying, and excessive inventories, aggravated the problem.
A large increase in 'plant capacity had been provided during 1942, and it
appeared that the industry would be able to take care of the expected

“demands. Howevér, the matecrial shortages that crop pped up in the third

and fourth quarters of 1942 resulted in allocations «of alloy steel to the
bearing manufacturers far below  the. requlrerents of"the capacity then
ready, As a result, operations were curtailed at the wery time they should
havé been increasing, and labor was lost to other war plants then expand-

,ing in the Connecticut Valley, The labor shortage in the bearing plants

then continued to plague us for the rest of the war, Although strenuous
efforts were made by the War lanpower Commission and others, the plants

© were never able to cperate at full capacity, Bearing production did

achieve the remarkable figure of over 33,000,000 per month, but it was -

~not until scheduling controls were put 1nto effoct that the acute short-

ages diszppeared, As will be rea71zed, in the millions of bearings per
monhth, there were many -thHousands of oracrs contalnlng many separate items.
however, by screening the appllcations of large users, by regquiring
identification with approved end-product schedules, by scrutinizing in-

ventories, and by the excellent cocperation of the services in combining

inventoriss of various UYearings, identifying the many . different .part:
numbers with par+1cu1ﬂr bequngs, tho nroblbw evrntuaIWJ was gotten
under control i R . :

v Machirie tools were early on ‘the list of critical items., Months
before Pear} Harbor theére was a realization that the tools needed for
the military program then on paper, were non-existent, An early appraissl
revezaled that the programs then considered huge, but later increased many
times, for ships, aircraft, tanks ‘and ‘ordnance, ‘would use new and large
tOOlo far in excess of anythlng available, and that time was needed for
the bulldlng of these tools, The Office of Production Managemcnt, the
predecessor of WPB, moved in by placing "pool orders" for tools that

~would be later needed by the prime and sub-contractors, Government funds
‘were made available for such purchases, and it was expected that the

" Defense Suppl1es‘Corpor°tlon would pay for and hold the tools until they
-were needed, However, as events developed; these tools were shipped and
paid for by individual contractors as soon as they were finished, anrd no

large inventory of tools was ever accumulated. "Pool orders" was - a
negessary device in an industry such as tools, since the production cycle
was Jong, and efficient production required sizeable lots of ons typs.
Accordingly, "pool crders! were continued well into 1944, and were dis-
continued only when the demand for tools had fallen off sharply. Sched-

“uling in this industry was accompanied by assigning 75% to the Army-Navy

Munitions Board, which in turn allocated to the Ammed Services thelr
verious percentages. The balance of the 25% was "hand-scheduled" by the
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Board upon the showing of need. The device of frozen order boards and

diversions between customers proved tc be the forsrunner of- “these “con-
- trols in many other items, The bulk allecation method with detalled
“allocation by the clulrant was aaopted for materials in the. Controlled
: Naterlals Plan. : :

='Steel "‘;‘nﬁ " A;' PR v,‘ SO -

Another. type of . SChudLll ng was exercised in such.Wldely used com=
modities as steel. . This was the "production directive". TlQ;Board
informed each producer of steel, quarterly and monthly, as to what he

* should produces. These production directives stemmed from a study of
important programs and the types and sizes of steel needed to adcomplish
the production objectives.. As will be rezlized, this type of control

- was .an approximate one becguse of the complex1ty of the problem, but was
the only one possible in an industry with so many ramifications. Paren-
thétically, 1t should be sald that this was true production schedullng,
as distinguished from schbdullng of shipments. It will be noted tngt

“many of the controls with which this paper deals were concerned with

i scheduling of shipments, which in turm required ths manhfﬂcturef to
schedule production. However, as gen wrally used during World Var 11,
the term "production scheduling® covered not only the sckndullné oi

"rproductlon, but also the scheduling of shlpment%.

The Record and- the Les%on

The.rocord shows that prodhctlor of munitions ard donstruction
valued at August, 1945 prices, and stated in billions of dollars péer’
month, was as follows: at thf end of 1940, 1/2, 1941, 2; 1942, 5;
1943; reaching a peak of 5-}/4 in Kovcmber, ?“d leveling off to about

-1/2 billion dollars per month in 1944, The winning of the production
battle in 1943 made possible the landings in France in 1944 and victory
on: all fronts in 1945,

T was pTlVl]GgPd to see at first hand in Ehvopo for some six :
months before V-E day the flow of material to our flghtlng forces. The
supply proved adeguate and flowed cver a verwtrble bridge Of}%hlpS and
a river of trucks. No enemy could long surv1vc thut avalancke of stecl.

It is realized that the next war'mayfbe a very aifferent one from
the last. . New weapons will change the emphasis oh‘tyops of producticn.
It may well be that the volume required m;y be much less or gredter,
‘The preparation for production will nPcess~r11y be geared to strategic
planning, but once the requirements for ships, aireraft, tanks, and ord-
nance are determined, it is possible to total the rcthrcmcnto of mate-

/rials and components. It-is indicated that a high-level group be in
existnece, which would include in addition -to representat1Vus of the
Lrmed Services, persons cognizant with other essential requirements,
who would study and determine the allocation of th e botal pcientlal
supply of materiszls,. componcnts, facilitice and manpower,
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,;In‘Wbrld"War‘II wenerat ”Ch“dullnﬁ‘of products and materials-=-
that is ‘the bhlancing of supnlyoand dem nd=~evolved by trial and error.
a year after Pearl iarbor, and another year passed . before production

‘reaghed its neak. Many lives were lost by the delay. Possibly the next

time the interval between our being atbtacked and Jour being ready, il it
is again so long, may well wrnvetfatal. We have had experience-lebt us

~profit by ita

CAPTATN WORTHINGTON:

e are mnow open to guestions.

~In our committee we freguently rur into the two.terms "program
scheduling" and "production scheduling." Up to date I have gotten as

‘many different definitions of them as the people I have talked to. I

wonder if you would add to my perplexity by giving me your definition.

TL\ \x

, "Program scheduling™ was a term used in the uontrolled Materlals
Plan., It reguired the Claimant Agencies to schedule orograms.of end
products,and to translate these programs into quantities of controlled
materials by calendar quarters. Production seheduling was done at the

‘menufacturerts level, and scheduled the production. or mere usually the

shipments of the particular manufacturer,

A STUDD

b

How far could the military go in establishing nriorities?  Where
could the WPB step in to aveld interference with its production vrogram?
There has to be some balance there. You mentioned vour contrel of

~components that was made b+ WP, and said that it had.to be done in

order To get out the adequate volume.  Bub taeni of :nourse, our military
program must be established by the overating forces. How far should
that gol - ' ‘

s

IR, FRARK:

That was a woot point elrlv in the war. It got prebbty well settled
as we went along. :

It was guite anparent, as lo as we had a- large amount of non-
essential ﬁroduotion in the civi 1an economy, that under a priority
ssstﬁm the military could take those things taat were non-essentisl in
the n1v111an econony. However, as the military program cxpanded, it
became evident that even if this program took evsirything, there would
still not be enouph to mest the program. The military program vas

O
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larger in 1642 than the whole production of materials could support
even if we gave nothiag to the civilian economy.

It became evident then that there Aao “+to be allocation, and that
some of the materials had to be % ocatca to the esszniial varts of the
civilian escnomy. The railroads had to keep going. The farmers had o
have some farm squipment in order to nroduce food in large volime, and.
there were many other essential needs that had to be token care of.

As the controls evolved WPD allocated 211 materials which were essential
to production, ' ‘

- In the matter of components, take a thing like electric motors.
Jlectric motors went into ships, t.nms, and aircraft, all kinds of
Ordnance equipmont, and o many new industrial olants that were making
the military items. The military could not ia the nabure of things
allocate motors to all users. They could only indieate their own regquire
ments. '

WPB then reconciled essential reg
the suaply among the claimants, Produc
method of allocation where demand excecd
facturer or of a group of manufacturers,

uiroments with surply and allocated
tion scheduling wds similarly a
ed suoply-either of one monu-,

A STUDENT:

Do you think it would be possible or feasible to cons tvuot and vse¢
fiscal control, that is, a limit on the smount of moncy available, of
the armament progrom, including Lend-Lease, so as %o linit it to that
portion of t e naticnal W”QdUCbTQP as wou;@ be avialable for that
purpose’?

MR. B?Aﬂ%:

The doilars would control the total volume but would not. control
the type of production, It was necessary to have a detailed control of
"bottle-neck” items. - Some programs used steel, somc uscd conner, and
some used aluminum. The original limitation on the airceraft production

t

-

was aluminum sheet. Progroms are limited by the suorly of critical items,

either materials or components. The dollar control is too broad. You
need a continous study of the critical items to determine how large can
be the totals of nrogroms using those items.

CAPTATH WORTHINGIOY:

Thonk you very much, Fr. Frank, for a verv valuable talk,
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