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60N CURRTHCE

_Tﬁéhﬁﬁéliminary draft of ﬁhiéucése'study was submitted for

. criticism and concurrence to' the contractor!s Santa Monica,

- California Ixecutive Office; the Los Angeles AAT Procurement
.Field Office and the Procurement Division, AlC Headquariers,
With minor exceptions, “the comments and suggestions received,

together with certain editorial revisions, have been incorporated

 4n the final edition of this case study.

The contractors coordination refrained from criticisn of

- - editorial approach or conclusions and made the following statement:

/
"Subject analysis is felt to be essentially accurate and come
prehensive., Although Douglas Aircraft personnel have seen fit
to question the interpretation of certain minor details, the
over-all report appears to be 2 creditable effort on the part
+of the AAF personnel involved," :
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* INTRODUCTION -

- This analysis of prodﬁétion‘ acceleration of ajirframes préu' ',
- duced by the Douglas Aircraft Co., Inc., at the Oklazhoma City,

-+ Oklahoma facility is one of a series of studies made as an in..
¢ * tegral part of the Industrial Planning program, being conducted

by the AMC.in connection with its Postwar Planning, These studies

‘are intended to provide the basic data essential to the development

of plans .and policies for the disposition of aircraft plants and .
" equipment, retention of stand-by facilities ‘and determination of

.. the means required for a rapid expansion of aircraft production: -
“4n the event of a future emergency,

> ;Amﬁg the specific questions to be answered by fhesé ’véﬁ'alyses

- ares .

- ls¢ The 'i‘a‘te of plant conétruction and production- progress :
achieved by selected airplane, engine, propeller, and certain
other principal component prcjects, - s TR B .
2, The methods which have proved successful in accelera-
Hing this progran, ‘ . o .

.~ 3e ‘The difficulties encowntered and the extent to which
they delayed progress. . . o T

as Each study follows the same general outline as to form of
. presentation and subjects covered so as to facilitate the formue
lation of conclusions and recomnendations based on the over-all
ajrcraft production record. Each will consist of a section des~
cribing the product, contract and plant; a section analyzing cone
struction and production progress; a section dealing with each of
the major factors of production sepatately; and a statistical
appendix, = : ;

This study covers the record of production acceleration
and scope of operations, of the Douglas Aircraft Co., Inc., in
the production of the C-47 airplane at the Government—ovmed
facility at Oklahoma City, Oklahome, This opergtion may be
oonsidered as subsidiary to the company's principal operation
conducted at Iong Beach, California, where the same produnt
was produced in order to meet the full requirements of the Govern-
ment for C-i47 transport airplanes, ' L

: . Data presented in this study were dram from the official E
. records and files of Headquarters , Air Technical Service Conmand,

R RN A e vVi-
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the Midwestern District Office and the company's Oklahoma City
office., These sources were supplemsnted by personal interviaws
with both AAF and company representatives principally involved
in the project. Briefs of the original docwmznis used in the
preparation of this report are filed at Headquarters, ATSC,
Veight Field, Dayton, Onio, and are gvailable for furthsr study
or reference by authorized personse. S
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SUMMARY AND CCNCLUSIONS

The Dovglas Oklahoma City project can be considered a
highly satisfactory operation due in a very large measure, o
the lengthy and successful experiencs of the parent Iong Beach:
and Santa Monica plants in the manufacture of this type of aire
plane, the accomplichment of major design changes-at Long Beach
prior to the begimming.of preduction at Oklahoma City and the

vihole hearted cooperavior batween Oklahoma City and the parent
Iong Beach and Santa Monica planitse .

Construction of the plant, the managemen®, recrulting and
training of personnel, procurement of equipment, procurenent of
materials, subcontracting and all irpormant opersational methods
and procedures were the result of experience gained in the Santa
Monica and Iong Beach planis, % :

The racility was approved by the Plant Site Corporation in
December 1941 and by the War Depariment in Januvary 1942, Facility
construction was wmder supervision of the United States Corps of
Engineers and when officially transferred to the AAF {Jme 194lL)
total fimds expended amounted to $37,812,91¢, 77 comprising

2,132,018 squere feats

First production man-hours begen in a warehouse in Oklahoma
City in October 1942.and in the plant January 19,3, The major

‘portion of machinery and production egquipment was instailed and
" advantageously used as rapidly as consiruction of the plant per-

mi tled,

Seventy-five airplanes (knock-lovms) were received from

' the Iong Beach plant for assembly at Oklahoma City, With dus

consideration given the temporary delays in production as the )
Oklahoma City plant fell back upon ivs ovm tabricated parts, the
assembly of these knock-dovms was of considerable assistance in
attaining early production acceleration. The first acceptance

of airplanes (knock-downs) occurred March 1SL3 and the firstd
acceptance of airplanes fabricated and asscmbled in, -the Oklahoma
City plant, July 1943, 18 months after approval of the project

by the War Departmen$, Peak production (322 airplanes) was

reached June 194, / | ;

' Bocause of the cooperation received from the péren'c. plants,

" no major difficulties ocourred to cause a serious delay in pro.-
.. duction. The principal problem being the wnavailability of a

sufficient quantity of skilled labor during the early production
period, : ' o -

Conatruction ' Progran

Although construction was not completed mtil )y months after

the date plarmed, the company began operations in the partially completed

U,
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~main building 2 months before it was finished., There were
various reasons for delays in construction as noted by a separate

gection of this report, but it is interesting to nole, that only

% months elapsed from date of go-ahead to the date the first

" grownd was broken for the main building, during vhich time all

' work preliminary to construction was accomplished, :

The. follo*v:mg are the pmncmal factors that retarded the
"progress of building constmntmn and the mstallamon of the
eqmpmenta
. 1, The condit:xon of the soll was such that more excavafnon
and back-filling were required than antacn.pa'bed, This condition
was aggravated by wet wezther. : T -

2. Structural sbeel was not completely availablé as anticie ©
pated. i.8 necessitated specification revision i‘or substi tuue
design and matenals. © s '

. 3, There were many delays in receipt of other materials
which necessitated extensive expediting, ,

ke Several minor subcontractors did not coordinate their

. work with the progress of general construction bscause of diffie

culty in procuring materials "and labor,

5. Although orders for equivment were placed according to
. plan and substantial deliveries were receivad early enough to be

- ‘dnstalled as the main building construction progress, yet there

- were several urgently needed items that were not received as

scheduled. OSome were received prior thereto but not in proper

sequence for installation, thereby disturbing the planned progress ‘
of the facility cons uruc'b::.on.

Productlon Program

The production period wmder study in this report is considered
"as the time from date of first production labor expended October 1942,
to June 19y when initial peak production was achieved, a period of
" 20 months, A study of the company!s production record during this
period falls naturally into 3 parts, as follows: ,

1. Pre-acceptance Period = October 1942 through February 19145
2A. Initial acceleration period = .-;arch 19,7 thmugh October 1943,
3, HRinal azcceleration period = November 1943 through Jwne 194l
An analysis of the favorable and retarding i"actors ‘affect:mg
the company's accelerata.on cf producta.on in these periods is given
as followss:. - oY , ‘ | - o

e 2.
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Preuécceptance Period = October 192 through Febrvary 19L3,

Favorable Factors

l. 4n @ntirely new faclllty with modern produc’olon eqmpment
was provided.

2, Construction p ogressed and machinery was received to
the extent that productmon started 2 nonths before building was
comple'bea,

3+ A portion of the pilot line tooling was furnished by
the parent plant. .

- lje - 75 sets of alrplane parts were fu:mlshed by Iong Beach.

5. Design and produo"ca.on engineering data supnl:.ed by Long
"Beach was complete and acscurate..

- 6, Management and engineering personnel tra}xéfer“ed from
company‘s other facilities were entirely capable for the task,

- g Labor and supervisory personnel were an*ple, but no‘b
skilled nor adequately trained,

8. ‘Labor relations were satisfactory.
- Q¢ Very i‘ew ma"cmal shormges em.stedo

10, Subcontrac’oed :x.tems, procured by the parent faci]:z.ty viere
in ample supply and satlsi'actor'yo

Retarcti.ng Factors

.- 1. Cons*éruchon of bmld:.hgs was not compieted on the date

- planned necessitahng operations to begm in a partially completed
, bmlding. <
' 2, The manufacture of new 'boo]ing at Oklahoma City placed
.a considerable burden upon machine tools and personnel,

' 3. Manufacturin'g controls were inadequate. Difficulties were
" experienced in scheduling of materials, componenis, and assemblies.

lis " Although practically all locally employed direct workers
. were trained in government sponsored tirade schools prior to
enployment, such training frequently proved inadequate for the
Job at hand and a considerable amount of in-plant training was
necessarye '

De Serious shortage of certain Gf‘E,

" '“3,"
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Ini*b:.al Acceleration Period . March 1943 through October 19)4.3,

Favorable Factors

i 1, Construction had advanced and machinery was received
to the extent that production operations progressed more readily,

2, Management and engineering organizations were éxpanded
A the better to cope with t‘ne expanding produculon. .

3o Finished comonents were furnished by Iong Beach to
assist in priming the production lines, which work was delayed
in the starting period due to inadequate toolmg°

L. Additional toolmakers were acquired or tralned to ime
prove the tooling situation.

5« Labor personnel training program progressed, but skills
were not developed satisfactorily nor rapidly enough to meet
the needs of the program, ,

. 6. Labor relations were satisfactory. bupemsoiy personnel
problems were solved during this period except in isolated cases,

Retardn.ng Faotors

1, Certain undelivered items of proauctn.on eouipmont caused
spedfic operations to be retarded,

- - 2¢ The unexpemed toolmaking bu.r'aen 1nmosed upon the fac:.li’cy
- proved too great to be readily relieved; in twrn causing the traine

ing progranm to suffer, which resulted :m facility failing to prime

and maintain its production in the early port:.on ot this period.

3. Methods and supemsorv problems in nrod\.c'b.on of the
center w:mg -sectlon caused serious delays before they were olved.

- Lk. Raw materials, were in a few cases s in short supply, causing
d:.sturbances in smooth pmduchlono , ,

5. GCFE items wers in short supply.

6, Subcontracted i‘bems s especially emennage parts, were

" . behind schedule but not to the point of disruption of production,

7° Winterization progran caused eng:meermg changes 'hbat
seriously disturbed final dSbembho

I3

" Final Acceleration Period - Novenber 193 th“ou@ June 1944

- Favorable ac'bors

1, foere were no- major constructions in’ progress 'bo hinder .
n h L )



productione e . m > p T \
| 2o Machlne tools and other production eqm.p*nen’o were adequate.
3. Labor had acquired the sldl‘is as the resul'b of the hain—
ing program, - 5 % _ r

[

.u; Labor relations were satisfactory, o

55 Supernsory personnel accep'bed added responnbili’ca.es of
labor and time contro1°

6. Rigz.d and more comple%e production conirols were developed
which effected higher overall operating ei‘m_c.bencles°

Retarding Factors

2 XD

1, Many engineering changes and modifications were made on
the airplane but not to the extent of delaying acceptances.

2, Specific GFE items were difficult to maintain in ampls '
supply to assure mmten*upted alrp.Lane dchvenes.

' Conclusions

As a result of research and the formulation of factual data
" pertinent to the Douglas Oklahoma City project, as swmarized

* above and described in subsequent topical sectlons of this report,

the following general conclusions are submitted.

1. Rapid acceleration achieved by the Douglas Oklahoma C}.\.ty

‘ plant was to a very great degree, due to the .lengthy and successful

exper:.ence of the contractor in manufacturing this type of air-
planeo The C-;7 (AAF designation for the DC-3) was one of the
~few models of peacelime aircraft adaptable.to the war effort withe-

" out extensive engineering development, It is evident that the AAF

should at all times, have research and development carried forward
to such an extent that the models upon which it will depend, in
the event of another emergency, be completely production engineered
and ready for mass produchon,

Delay in construction of the plant pmved to be one of the

' retard::.ng factors in airplane production. The wavailability of

certain structural steel necessitated the revisicn of building
specifications affected and the use of substitute materials, It

is obvious therefore that, should the necessity for rapid construction
of new facilitles arise, :In the case of another emergency, a true
picture of the aliocation of sitructural materials be maintained,

thus preventing delays in building construction resulting from

the shit'ting of allocations and revisions of building specifications,

u5c=
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5o Numerous items of building equipment including conduit,
wiring, cables, etc. were not received as requested, resulting -
in the frequent substitution of lower grade materials which
created a troublesome situation throughout the entire production C e
periods It is evident therefore that should the necessity, again '
arise for rapid building construction, an adequate supply of -
high quality building equipment be made available as required,
~ thus avoiding confusion and repairs resulting from the use of
inferior materials and the consequential delays in production,

Lo Although a portion of the pilot line tooling was supplied

} by long Beach, the greater part of this tooling was manufactured

+ at Oklahoma City per Long Beach specifications.. This placed a
heavy burden upon both the machine tool capacity and the inade-
quately trained personnel in the Oklahoma City plant, resulting
'in a considerable amownt of rejections, salvage and rework.

" With due credit given the advantages gained in the training of
_personnel by the manutacture of »ilot line tooling, this situa= J

. “don proved to be a retarding factor during the early preduction ©
-period. The AAF should in the casc of anotuer emergency, be o '
assured of the availability of pilot line tooling in sufficient
.quantities to prevent production delays, : ‘

50 The first 75 airplanes assembled in the Oklahoma City
. plant were "knockedowms" received from the parent Long Beach
"~ plant. Although delays in production were experienced when ' -
the company fell back upon its own ability to manufacture partse
The assembly of these lmoc¥-down airplanes proved to be a very -
beneficial factor in acquainting new persomnel vith Douglas-
" assembly methods. A new plant with a large portion of insuffi-
" . ciently trained personnel can achieve production acceleration : X
more rapidly, when "knock-downs"' are received from a parent . E
plan'b. : g .

L .
. TR

6. Plans for the operation of the Oklahoma City plant

were developed by the parent Long Beach and Santa Monica plants,

. The early success of the Oklahoma City plent can be attributed
to the operation of these plans and the close coordination maine
tained between the Oklahoma City plant and the parent plants. It
is evident therefore, that early operational plans, assistance and
close cooperation from parent plants is of major importance to
early production acceleration, , .

7o Government scheduling for this facility was musually 5
accurate and realistic, with the exception of the intermediate ' ¢
production period from July 1943 to October 19L3. A very great’ ' -
portion of the success achieved in meeting acceptance schedules =
was due to accurate govemment scheduling, Adequate government

planning and scheduling based on accurate studies of industrial - ° :
capacities is therefore essential to the successful operation - -i
of the plant, , EE T _ ~ B .

8¢ During the first 10 months of thq productibn.per.‘xod,
. . . \ ‘ ‘ - 6 - V . -



certain production control operaticns were lacking in functional

" procedures, This situation was due largely to the quantity of -
-4nexperienced personnel on the job and the lack of adequate supers
vision., Considerable improvement began in September and Qctober
1943 through the shifting of certain supervisory perconnel and

the placing of workers in positions in which they were most
efficient. It is evident therefore that time study and accurate
production control methods Le adequately maintained during the
entire production periode )

9, Approximately 75% of all direct workers were trained
in government sponsored trade schools prior to employment in
the plant. = To produce necessary worker efficiency, it was
found that a considerable amount of inepiant training was
necessary. .The acquiring of an efficient labor force was there-
fore a slow process, consuming considerable amount of supere ,
visory time, The early iniiiation of government sponsored press
requisite training and vocational schooling directly applicable
to work requirements of the individual is a very important
factor in the obtaining of early production acceleration,

10, Considerable difficulty was experienced in the receival )
of certain materials and purchasec parts in due time to meet
production schedules., Tnis situation was aggravated by the
maldistribution of critical materizls among aircraft manufacturers
who could not accurately predict their requirements, It is evident
therefore that one of the factors essential to production accelera=-
tion in the case of another emergency, is adequate control of _
oritical materials and the allocation of same in sufficient amownts
to meet the demands imposed by government scheduling.

11, The over-all production record of the Douglas Oklahoma
City facility is a direct result of the know-how of the parent
iong Beach and Santa Monica plants conbined with accwrate govern-
ment scheduling end the pre-production training personnel vithin
the jmmediate vicinity. The importance of these factors can not -
be overestimated in the aircraft industry. . : s



EXHIBIT NO.I

-—

’
ve TR S S A

T g e, SRR T ICHE S

M g p . . o M LR P

it i o LT

i wieh 4 d
LA R e b ATl




EXHIBIT NO. 2

R BURIRE T RLL . L BN

N T T Y

PSR

W e g,




)
i
m a .
m °
¢ o
| <
i '
! T
k=
R
b T U S T o W, e e v A L B T e T LT e DR T L T T S R R IR aaudtte 202
% s . Ly . o ; o e Shiga, R e B % T . . B B R g T : \.‘

NN T,




THE PRODUCT

The C-47 is a low=wing, twin engine monoplane designed specifi-
cally for the transportation of personnel and/or cargo, This '
~ airplane, having unGuestionably proven its versatility in time of
war, in the transpartation of troops aud equipment, the dropping
of parachubists, conveyance of the wounded, and the towing of
gliders, has truly been called "The Workhorse of the Air',

Model C-L7 is the Army Air Forces designation given the
standard modified military version of the DC-3 airplane intro-
duced by Douglas Aircraft Company, Inc., in 1936, This air-
plane was the result of approximately 13 years experience on
the part of Douglas Aircraft Company; in the design and development
of similar types of airplanes prior to its use in World War 1L,
viz., the DC-1 introduced in 1929 and used by commercial airlines,
and the DC=2 developed in 1932, The sbove mentioned DC~3 was
in extensive use by TWA as a transcontinental transport at the vime
of its adoption by the Army Air Forces for VWorld War II, Because
of the basic characteristics and proven ability of this airplene,
the immediate major changes required by the Army Air Forces were
limited to the reinforcement of the floor structure, and enlarge=-
ment of cargo doors requisite to the transportation of military
equipment, and certain cabin revisions necessary for jurping
parachutists and for the transpartation of wounded in litters,

The performance characteristics of the C-l7 airplane des~
cribed below, remained fairly constant throughout the entire
production pericd, _

Maxdmm speed (10,000 feet altitude)eeeeeososo 229 mph
Cruising speed (5,000 feet altitude)oeeoosssss 208 mph
di-nﬁ speedo.oo'e.'Q..O...‘O..‘...°°°..‘.°.O 67 nmh
Range zﬂom&l).,.e. 00000000‘000.00..0.0..oo..to°15oo niles
Ceiling (BPPrOXjJSately).....ouu...oe.oue..QQOOO feet

The following description of the C-L7 holds true for both
Army and Navy models (Navy model PLD-1), _

Wings: A1l metal cantilever type with straight trailing edze and
, pronounced sweep-back to leading edge; hydraulically op--
erated trailing edge flaps, Douglas cellular multi-web
inner construction; detachable wing tips; fabric covered
ailerons, '

Fuselage: All metal semimonocoque built up of transverse frames
of formed sheet, Longitudinal members of extruded
angles, Covering of stressed~skin 2l ST alclad,

Tail Unit: Cantilever monoplane type, Tail and fin of multi-
cellular construction. Rudder and elevators have
aluninun alloy frames and fabric covering,

=0 e~



Landing Gear: Retractable type. iheels roised or lowered in 15 -
seconds by engine driven hydraulic system. ¥heels
fold rearward, -

Power Plant:  Tvo Pratt and Vhitney "Twin Wasp" R1&30 SIC3G 1 cy-
linder radial air-cooled geared and supercharged en- .
gines, rated at 1050 KP at 2550 RPM at 7500 feet alt-
itwde, (Effective 1 April 194 on 017 B airplanes
R1830-90C engines used in lieu of R1830-40).

Propellers: Hamilton standard, 3 blade, constant speed, 11 feet,
7 inches diameter.

Fuel Capacity: (Normal = 80l gallions gasoline and 58 galions of
' 0il)
(Maximum - 160l gallons gasoline (3 tanks).

Accomodations: Crew 33 (Navy Crew lj) Trenp capacity 27: Iither
capacity 18, Normal cargo, 6000 lbs: HMaximum
cargo 10,000 lbs.

Dimensions: Wing span G5 feet
Wing Area 987 feet
Overall Length 6l feet, 5 1/2 inches
Height 16 feet, 11 inches

Weight and Ioading: Veight empty (less fuselage tanks, cradles
and pal‘titi»lns 6 % & & © o s« e © © 16,8‘61 les
Crew welght o ¢ 6 6 5 2 0 ¢ o o o €00 lbs,
NOI'I?&:L C&I‘go Weig‘rﬁtoco 8 © &6 © 0 e 63000 1b59
Maxdmum cargo weight o « o ¢ o o o 10,000 1bs,
baxdwum permisssble gross weight 29,000 lbs.

Tne C={;7 has been experimentally fitied with an amphibian
trin~float installation with the object of extending the scope of
its use. A1l metsl floats of single~step type, were mounted under
the engine nacelles. Each float is fitted with 2 retractable wheels,
one in the region of the step and one wder the nose., Space bete-
ween the 2 bulkheads in each float is used as an awdliary fuel
tank with a capacity of 300 gallons,

ulo e
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CONTRAGTS
All"airplanes manufactured by the Douglas Aircraft Company
facility at Oklahoma City, Oklahoma, were procured on cost-pluse
fixed.-fes contracts, A1l contracts were carefully planned and
placed in due time and for sufficient quantitles to prevent delay
in productdon. ‘ “ o )

The Army Air Forces plan for the manufacture of transport aire
planes at Oklahoma City was made knowm to the War Department by a
letter from Resources Contil Section, Materiel Command, Army
Air Forces, dated 1 January 1942, addressed to the Secretary of
War, At its meeting 1 May 19,2, the Joint Aircraft Committee
was advised that the Avmy Air Forces had decided to produce C-;7
" airplanes in Oklahoma City in lieu of C-5l airplanes as was pre-
viously planned, (The transferrence of plans for manufacture of
. C=5ly airplanes from Oklahoma City to Chicago was made April 1942.)

A letter of intent, relative to the marufacture of C-47 aire
‘planes at Oklahoma City; was subnitted to Douglas Aircraft Company
under date of 21 April 1942, This was followed by a supplemental
letter dated 1 May 1942 and by ansther dated 20 May 1942, All of
these related to the terms and conditdions wnder which a formal
“contract would be awarded. The scope of the proposed contrach
-and the estimate of costs, namely 3218,),00,000 as indicated by
these letters of inteat, included ihe procurement of 2000 C:7
airpldnes, 15% spare parts, and also including the new facility to
~ be constructeds In August, the avaniity of spare parts to be
procured was increased to 20% of the volue of the airplane.

_ The formal contract was approved by the War Department 19
September 1942, in accordance with the letters of initeni, and ine~
. dicated that the average unit cost of the airplanes 1o the govern=
ment, including spare parts, would be $89,215.,00, This conirach
was supplemented by additional contracts, each of which increased
the quantity of airplanes so that eventually a total of 6900 were

procured, A tabulation showing the significant data pertaining
to each contract is shown by Exhibit #. '

“The exhibit shows 'a decrease in unit cost to the government
as each contract was completed. It is noted that a considerable
decrease is showvn in the cost per.plane by the second contract as
compared to the first whereas a normal decrease followed thereafter.
The high cost of the first contract is accounted for by the setting
up of a new plant, the employment of a large number of insufficiently
. trained personnel, which included the expense of an extensive. traine-
ing program and related expenses due to scrapped materials and
labor of reprocessing., These costs, having been anticipated, viere
considered allowable expenses to the contract,.

The wndt cost applying to the second contract is far below

\
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EXHIBIT #9

PLANT , =R
FUNDS EXPLENDED

The following is a recapitulation of funds expended as reported
_to the Facilities Branch, Industrial Facilities Section, Wright
Field, 22 June 194), at which date subject information was trans-..
ferred to the Facilities Branch from the United States Army Corps
of Engineers.
1, Land and Improvements.
a. .Im‘ld.l.00...'..0.0...'0......_ - 1.00
b. Land Improvements |
(1) Gradingcooo'oo-o.ooo'co-3’71‘,297.210 ‘
(2) . Drainage & excavations .. 63,268.2h

Concrete used in drain-
age and excavation..... 12,758.67

(3) Soil erosion controlssss 45,412.19

(4) Storm sewér lines......}33h,922-69

_ $827,660,00
2. Buildings, Building Installation (not mechanicél), Lease~
‘Hold Improvements, Off-lease Improvements and Service Costs.

a.' Buildingscoooooo.aoooQcooolo,h'?s,esllé"}

‘ b,-~ Bﬁilding Installations
' o _ (not mechanical).eeseses 75588,683.70

c. lease-Hold improvements
" ... (including pavement of park-
~ ing areas, fencing, laying
of railroad tracks and utili-
ty expense outside the build-
ings, but on property)..5,069,067.75

d.?- Off-lease improvementS...ss L,583.75
. (including railroad and utility .
expense not on property)

(<1 Service Cos\t'soo.oo.-o.'o0.0..0.1,31‘7)21430-'-2'
- $2li, e, 859.99



EXHIBIT #9 (Cont'd)

3. Machinery and Equipment.

a,

be

Ce

d.
6.
£,

8o

equipment,
a.

b,

Ce

Machine tools and production equipment
(1) Machine to0lSeeececeseses5,985,829.86
(2) Production equipment.eeee 609,752.02

Building 1nsuallaulons
(mechanical) eeesecocseessses2,1406,979.70

Laboratory and testing equip~—
mnt.........o.a.....00000'0. 19‘-’-,711‘ 78

Furniture and fixtures........1,056,282.68
Office equipmentescessssesesss 917,68L.1l

Dispensary equipment.sececeses  8y13.71

Cafeteria equipmentc'ontnoooo . 75)5&5095

$11,25L,935.8L

Portable t00lS.ccecsccssccssns 6723%-92
Automotive equipmenteeseecsses LBL,633. 81

.daterial handling equipment.._ 91,508, o1

},. Portable tools, Automotive Equipment and material handling

$ 1,25,h62.94

GRAND TOTAL $37,812,918,77
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" bullding designe

~ A study of the construction progress of the Dougias Aireraft

.. Corpany, Inc., Oklshoma City facility, reveals an overall satisfac..

tory performance.of the construction contractor and excellent coopera-

‘tion on the part of Douglas Aircraft Company, Inc, o g

e facility was sponsored by the AAF and Var Dopartwent ownod,

" Me location was originally approved by the Plant Site Corporation.

31 December 1941 and approved by the War Department January 1942;

. the "go-ahead" given Douglas Aircraft Company, Ince, January 19,2

and the construction contract awarded Austin Company of Cleveland,

- Ohio in February 19,2,

Vhen officially transferred from the United States Army Corps |
of Engineers to the AAF, the total funds expended were $37,812,918.77,

.. Refer to Exhibit #9 for breakdown of expenditures. The finds ex-
" pended up to 30 September 1945, however, had increased to $39,911,)3L.L5.
- The total covered area was 2,152,018 sq., ft. and the total hardsur-
7 faced area not covered, was approximately 2,374,000 sqo £t. See
 Exhibit #12 for breakdown of square footage area, .. g
. . s . . K . \‘ . " i . % 4.

Initiation rof Project

Selection of the Oklahoma City plant site was based on several

: ‘anticipated advantages, the most important of which were as follows:

2. Iocated near geographical center of the nation, \
- b Adjoined existing Tinker Field with use of its airport faci-
Co General topography of surro.vndings faverable to flying.
d. . Moderate climatic conditions,
e Potential labor available,

 Land consisting of 350 acres, approximately Y miles southeast

. of Oklahoma City, was donated to the Government by Oklahoma City,

for the sum of $1,00. : '

v Simuitaneously, wi’oh the award of the construction contract
to the Austin Company, all construction work was placed under super-
vision of *he United States Army Corps of Engineers, Architectual

o drawings were made by the Austin Company in collaboration with

Douglas Aircraft Company, Inc, and the United States Army Corps of

' _-Engineers, . -

The facility was originally_designed- for the manufacture of

' Cbly airplanes and in April 1942, Army Air Forces transferred their
~ plans. for the manufacture of C.=5ﬁ :
.Chicago, deciding at that time to manufacture C-i7 airplanes at
' Ok2ahoma City, Due to the similarity of facility requirements for

airplanes .from Oklahoma City to

these two airplanes, no major changes were made in the original -

.
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" Description of Plant — | -

. A1l buildings are of steel frame and brick construction, de-
signed for complete black~cut. The manufacturing section of the
main building has a ceiling clearance of 35 feet over the final
assenbly lines and a colum spacing of 100 feet, The major por-

- tion of the sub-assembly and manufacturing areas, have a ceiling
clearance of 25 feet and a colum spacing of 30 feet, The total
area of all buildings (not including Kodification Hangars No., 1
and No. 2 which wers taken over by Tinker Iield) is 2,432,018 8q.
£t. (See Exnibit #12 for breakdown of square footage areas).

The facility has use of the adjoining Tinker Field alrport
with its ample twosdirectional runways, one 7,500 feet and the
other 5,200 feet. ‘ -

- Construction Progress - . 3

Ground was broken 8 March 1942 and &ifficulty :mendla'tely ’
experienced because of wet alluvial soil, necessitating additional
excavation and causing approximately 3 weeks delay. Difficulty
was experienced in procurement of a sufficient quantity of structural
steel, necessitating revision of a considerable portion of the speci-
f:Lca’tcLons for the adma.nistra‘bion building and causing several weeks

del&@’a .

Sufficlent qumtidy of high grade condult, cables and wiring,
could not be obtained, and a considerable amowmt of inferior quality
material was used. thle this latter situation did not noticeably

_delay construction progress, it remained more or less a constant
" source of trouble throughout the entire use of the facility.

Tirst steel was erected li July 192 and the first roofing was
in place the latter part of September 1942, Beneficial occupancy
was accomplished as rapidly as completion of the building per—
.mttede The percentages of building completion’ and beneficial
'occupmcy were appmmma’cely as follows: ,

1 Novenber 19420 000 15%

- 15 December 19L2.40e33 1/3%
15 Januvary 19}4‘30'00050%

© 15 February 193.0e0 66 3%
2)_‘. March 19:‘_‘,5-000000 95%
1 Jlljy 1911.3.0..0006 98%

It is worthy of note, that the original planned completion
date was November 1942, "Ihls planned completion date, apparently
- did not give sufficient allowance for retarding factors, the -
more important of which have been mentioned above. Thesc delays
did not retard airplane acceptances and the plant met initial
acceptance schedules as emia:;.veq wnder the head:mg “Produotion

* Acceleration®,

-l .



Total square footage of buildings (not in,cluclih_g modification

" EXHIBIT #12

AREAS OF BUILDINGS
AS OF JUNE 1SLIy

hangar's No, 1 and No, 2 taken over by Pinker Field) ....3,L33,014

the foll

Total covered area - breakdown per floor:

lst ﬂOOr.o.ooo. L] 002’1993239
2nd flOOI‘.....uu.’.' 190314-58

3rd floor.........-. b2;321

Total S 2,132,018 sq. ft.

Aprons, Ramps and other hard surfaced .
area (un-covered)

" The above total sq. footage (covered area) is made up of
owing detailed list,

Assembly Bldg. (2 floors and service decks),. 1,548,182

Ammstration Bldg.o.o.o.cococcooooocoounnooo

Hangm‘ ..."‘.'..Q.C...l.I...I..."..Q..'....

Iearl-tos and Shedsltt..I.....0...".'...;'....'

wages.........‘..'...‘.'.."'......'..".'..
m’-11 Bldg...'...........'..'..“.“......’...
Paint Storage BldgS.eeeeseeessrscecossesesees
L‘cj-nerator Bldg’...'..'..."'.‘...‘.'....‘...
Seviage Disposal Plant (Laboratory).eeesecseees

Boj-ler Home...'..'l.0.0..0.00.'6....0...."0. .

Fire Protection PlnTIp House.ta.oo-onooo..o.oo!
Sub-gtation = Switch Gear SOV o s v wm s o e poains

Cooling tower ~ Switch Gear Hous€eeeevecssoss
'~V{ater‘ _W'ell - Hou.ses (6)-.,00;03..-00090-
.%ard Houses (2—‘ ..........‘;....;"..'....."

Viater Trea’bment Bldg..cco..t.l‘onocto.oouno.ooo

. .].{arehouses (l7)c--aco-o--oooo'ooooocoo'oo-oaioo.

:Material Conservation Bldg.ocoo‘oo-o-couo;onoc -
3 Transpor‘bation Bldg...ol...'.‘.’.’..t.00.‘.-000..0

1

252,039

167,515

89,529
20,302
19,200
- 83,213
1,040
700
L2,6é58
1,089
2,280
395
1,238
3,929
156

T5k35
L,9L2

2,37)4,900 8q. ft,

170,16



CONSTRUCTION & PRODUCTION PROGRESS

DOUGLAS OKLAHOMA CITY

EXHIBIT NO. §3
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PRODUCTION ACCELERATION -

The Douglas, Oklahoma City facility succeeded in accelerating its
production rapidly, as compared to other producers of large aircraft,
because of the wmique position of its being a subsidiary plant of a
company which had had long experience in the production of the same
model airplane. The C-447 had been in production at the company's Long
Beach plant for a period of two years prior to the time Oklahoma City
began operations, v : Ry

At the time the Oklahoma City project began, production a% Long
Beach was comparable in scope to the proposed ultimate production of
the new facility. This was a favorable condition in that i+ was possible
for production methods and toolins %o follow the game paviern as Iong
Beach. A new plant was construcied for the specific purpose, and well
selected machine tools and other production equipment acquired; and in
addition, a portion of the tooling requirement: was provided by the parent
company. The Long Beach plant provided a rucieus for the new operating
organization in the form of administrative, engineering and supervisory
personnel. The parent plamt also provided the equivalent of seventy-
five airplanes in the form of comporents and. sub-assemblies for the
purpose of training employees and asgisting in priming the production
]ines. ' .

It is obvious that a more rapid azceleraiicn of produstion could
have been achieved if it had been possidle 4o carry out ail phases of
the project strictly according to the original plans. Had such been the
case approximately 2 to 3 months could have been saved according to the
estimate of this analyst. Details of *he changed and retariing condiiions
are presented in the following paragrasas. uvazpits the diffieulities which
had to be overcome, after first accepiense in darshy 1943 production of
the Oklahoma City plant rose to its fniiial 288K of 322 planes in June,
194, This was a period of 20 months atier Tirst production manhours
and 16 months after first knock-down acceptances, giving an acceleration
rate of twenty planes per month over ths period of acceptances; an ex~
~ cellent record for an airplane of this class, _ '

Facility Project

Construction of the buildings was authorized in January 19,2 and was
planned for completion in November of ths same years The work was actually
completed in March 1943 but the main manufacturing building was available
for partial occupancy in November 19,2, Actual airplane production began

in January 1943 or about two months before the bullding was substantially
completed, and two months after the planned date of production starting,
(Causes for delayed construction progress are explained wder the heading
entitled "The Plant"), The major portion of machine tools and production
equipment were installed and advantageously put to use proportionately
with bulding completion, t . ‘

Government Scheduling

The original schedule for sirplane acceptance established for this
facility by the AAF, was established 7 August 19,2, First acceptances
were planned for March 1943 and & total of 721 acceptances planned for the

B
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year 1943 with monthly acceb%ances reaching 208 wiits in December 1943,
For roasons of changing government requirements, wnavailability of
production equipnment, materials or government fumished equipment, or

-inadequate trained labor and contractors inability to produce as planned,

this schedule was revised several times with lower production goals
established for the period from August 1943 to January 1944, The

maximum monthly production speclfled was increased in each of the later
schedules howiever, and in the V9 schedule, dated 1 January 194k, which was
the latest effective revision prior to peak production being reached,

- A maximum of 322 planes was planned for June 194l

Actual accomphshment., did not coincide with the revised schedules
throughout the whole period of operations, acceptances being on schedule
during the early months, 1aaging from July thru October 1943, and back
on schedule, or leading it, from November 1943 thru June 19)411 when
peak production was attained, This analysis pertains therefore, only
to acceptances comp&red with ;the effeciive or preva.:.lmg schedules,
Refer to Exhibit #14, .

‘Production Plan

Plans for operatd.on of the Oclahoma City f'xc:ﬂ:rby were developed
by the parent Douglas Long Beach and Santa Monica plants, and were based
on a maximum of 208 monthly acceptances to be attained 9 months after
the initial acceptance scheduled for March 1943, The details of these -
operating plans were as follows:

a. Transferring personnel from Iong Beach to form a nucleus of

nanagement, engineering and supervisory organizatlon,

be Furnishing complete engineering designs and prcduc’olon englnee'r:-
ing data.” _

Co Selection and initiating procurement of production equ:’q::ment(s

d. Designing, producing, and furnishing complete pilot line tool'mg
including jigs, fixtures, templates, dlES, gauges, etcy

8o Procurement of material and processing equivalent to sevenwc-:
five airplenes in the form of components and assemblies (knock-udowns)

Lo Procuremen‘b of all gubcontracted 1tems from vendors currently

serving the parent faCJ.l'L'bYa e

" Production and production control methods were 'bo be pattemed a.ftnr
me‘Lhods of the Long Beach facility.

i

Labor roguiremenis wers ss*timated based on the experienc . acqrired -

by the Iong Beach and Santa Monica plants adjusted for the Lack of traifie

ing and skills available in the Oklahoma City area, Labor would be re-
cruited upon the assumption that the majority of workers would require
on~the~job training before effective utilization could be expected,

Governnsht :f.‘um:Lshed equipment would be procured according to estadoc

. 13.shed prac’m ceo . . v



Operation of the Plan

The follovwing analysis is based upon the schedules prevailing for
each month, rather than the original schedule authorized; it is ine
teresting to note that although the facility was planned to produce
208 planes per month, an ultimate producticn of 322 was actually
achieved, and that this was accomplished without expanding the
facility by elther additional buildings or equipment. For clarifie
cation of analysis of the actual execution of the above plan, the
following discussion of the production period is divided into three
seotions, namely: ¢ :

as Pre-Acceptance Period (October 19,2 through February 1943 ).

b. Initial Acceleration Period (March 1943 %o October 19,3 in-
ClUSive)o ' . ) .

ce Final Acceleration Period (November 1943 to June 19l ine
‘clusive). :

The Pre-Acceptance Period ~ October 1912 through February 19.3.

First productive labor was expended in October 1942, two months
later than the planned starting month. Beginning in January 19,3
‘airplane components and assemblies were received from Iong Beach in
quantities sufficient to maintain production on the airplanes scheduled
for the period, '

The main building was not ready for complete occupancy until the
- last month of this period, and only part of the production equipment
was ready for use. It was necessary to transfer three Ceco . Stamp
presses from another facility at this time, Government furnished
equipment was not all being received as planmned., There were a few

- shortages of critical materials at this tims.

An adequate labor force was being recruited and placed in traine
ing, not only for the further assembly of the parts furnished bub
~ for the production of components required for supplying the production
lines for the projected schedule requirement after the parts and come
ponents received from Long Beach had been assembled into complete
planes, ,

~ Approximately LOZ of the pilot line tooling was received from Long
Beach. The major portion of all pilot line tooling was manufactured
at Oklahoma City per Iong Beach specifications. Vith due credit

given the advantages gained by utilization of all available machine
tools and the early training of personnel, this situation, although
lessening the load at Long Beach, placed a very heavy burden upon

the Oklahoma city plant. The lack of skilled tool makers resulted

in numerous rejections and much rework. Many persons were temporarily
transferred from other production occupations to machine tool makinge .
- Had the Oklahoma City plant, through assistance from Long Beach,

been prevared to cope with this situation, it is essential that Pro-
duction acceleration could have been earlier attained,

~The labor problem in the early stages of operation was especial¥y
. ot TF in .



difficult in that the majority of proci:ction viorkers vere entirely
wnskilled, which necessitated long and careful training and resulted
in very low overall worker efficiency.

In the productive period from first acceptance of 2 planes in

. March, 19443 through June, when 30 C-47's were accepted, operations

of the Oklahoma City facility met exactly the 8K schedule set by the
MF, This is indicated in the comparison chart (See Exhibit No. 15) .

8howing "Schedules and Acceptances".

In this period Douglas management, with its facility and equipment
nearing completion, set for itself two major objectives, viz., first,

. the assembly of enough planes from the Long Beach parts to meet

schedule, and secondly, initiating the fabrication of parts in the
new facility, training their personnel at the same time. The first
of these two objectives was achieved, but the other was not, as will
be indicated in the discussion of the Minitial acceleration' period
which follows, '

Initial Acceleration Period =(liarch 193 %o October, 1513 ).

At the beginning of this period, the new factory was substar.iially
complete so far as the buildings were concerned. Some delay hac
been encowntered in completing the monorail system, due to break:.ge
of a wheel forging die. About eighty-five percent of the produ¢: ion
equipment had been rececived and made ready for use., There were some .
critical items of production equipment undelivered, especially Ceco
Stamp presses and hydro presses, necessitating material being. furrivhed
to other facilities for processing. - , ‘ S

\
v

Althtugh all the parts furnished by Iong Beach had not yet been
assembled into airplanes, the new plant fell 10 planes behind its - \
schedule in the first month of this period, Cne reason for this 3\
was that the question of engineering changes requested by the AAF N\

had already appeared, with the necessity of re-working 17 planes in

July 1943,

Critical situations developed in this period in certain production

" departments, in the machine stop, for example, but more seriously in

the center wing section department. As first reported, the failure

* to keep up center section production was due to a shortage of ex-

perienced help. The shortage grew steadily worse, however, increasing
to 50 sections behind schedule in August and &5 behind in Septembere
The plant placed more emphasis on its training program in an effort
to speed production, calling on Iong Beach at the same _time for the
Joan of skilled help, and also attempting to borrow any available
wing sections. ' ,

As direct result of these production difficulties, and ‘he training
program required for machine operators and other types of direct workers s
production at Oklahoma City fell approximately 2 months behind the &L
schedule, On 18 October, 1943, the government revised the schedule for
this facility, establishing in W& lower goals for the months immediately
shead, this reduction carrying into the first-quarter of 194k,

-18-’ ' [y
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but raising the wltimate monthly maximum to 270 airplanes in December,
9Lk, . ' :

The tooling problem at Oklahoma City had meanwhile become the
facility's #1 problem. The enormous toolmaking burden imposed wupon
the facility and necessity of producing duplicate sets of tooling
for the impending production load was beyond the plant's capacity,
The solutdion of this question was made more difficult because of
the shortage of trained tool makers, Partially because of this
same problem, the parts supply bins were not filled in the preceding
quarter. The parent plant was therefore called upon to assist in
overcoming these conditions and it did so by transferring large
quantities of components to Oklahoma City.

The insufficient work in process existing during the early
portion of this period and the lack of perfect tooling were apparently
- the principal reasons for company failing to fulfill the schedule of
acceptances, but it must be borne ih mind that other factors s parti-
cularly the wunskilled labor situation, also had a contributing effect.

The majority of workmen available at Oklshoma City had had very
little machine shop training, As a result, that department fell far
behind schedule with many items becoming critical. A similar condi.
 tion existed in other departments vhere equally precise worlmanship
Was reyuired. An AAF report in October 1943 made an estimate that
6 months more training would be required before the machine shop
production could be brought up to schedule, :

Hany supervisors and leadmen were in need of considerable more
training and experience in order to obtain most efficient oubput of
workers, A large number of qualified supervisors and leadmen transe
ferred from the Califomia plants, were of draft age and eventually
inducted into the armed forces,

Transfer of experienced flight ramp mechanics and inspectors
to the new modification center was another reason for the failure
to keep abreast the original working schedule for this period,
On the other hand, the contractor was carrying out extensive and inw
tensive training programs both within and outside the plant.

Engineering changes and airplane modifications were serious dise
turbing factors during this period, especially in regard to the
winterization of the airplanes based on a late conceived deadline
date of 1 August, 19L3. Due to the manpover situation describéd
above, the additional manhours required for winterization changes
 necessarily resulted in delays in production,

Numerous GFE items were not received in sufficient quantities,
especially landing gear parts and gyro=pilot ocontrols, At onae
time a shortage of landing gear parts was relieved by the return
to Oklahoma City, of 30 airplanes worth of parts misrouted to Long
Beach., Considerable difficulty was also experienced because of lack
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of receipt of certain critical raw materials, during the spring and
summer of 19,3. : o

Subcontracting, especially insofar as one of the principal sube
contractors was concerned, was becoming hazardous to the extent that
stgbilizers, rudders, elevators and tabs were behind schedule about
forty percent. This required special expediting and shifting of
operating personnel to avoid delays in airplane acceptances, At
the end of this period, factors including even the tooling situation
were improving rapidly to the extent that the production lines were
filled and, barring unforeseen difficulties, the ensuing schedule for
the subsequent months was assured. Although the operation of the
production and assembly departments of the plant had improved con-
siderably, and the average Ollahoma workman had demonstrated his
adaptability, much remained to be done in integrating these operas
tions and establishing the necessary controls to reach a high. pro=-
ductive level., Although production controls were in effect in this
period, their refinement and improvement in efficiency were finally
to bear fruit in the period of rapid producticn acczleration which
- followed, ,

Final Acceleration Period -~ (November 193 to June, 19 inclusive),

The period of rapid acceleration of C-7 production began in Novenber,
193 vhen Oklahoma City bad met the revised W€ schedule of 85 acceptances,
In the fowr subsequent months fromw lecember through liavrch, production
exceeded the goal set in W& and reau -u ¥he 250 acceptances originally
‘specified for March in the &L schedule. Based on the improvement -
in the facility's performance, the =9 schedule, issuved on 13 January,
19LL, increased the sights for the Tivst half of thad yeur %o a new
peak at 322 airplanes for the mouth of June, In this six month
period, monthly acceptances equalied or axceeded the new schedule. .

. VWith the tooling problem in the background, the training programs
for manpower had begun to show results, Labor efficiency and utili-
zation both improved although skilleo labor in certain categories

was still lacking, In December‘and January the contractor discon-—
tinued hiring, which meant that approximately 300 separations were
being made weekly with no replacements. Due to the increased schedule,
however, the plant resumed hiring again in February, The & howr, 7
day work week was made effective 5 months preceding D-Day as requested
by the AAF., Immediately following D-Day, the & hour, 6 day work week
was again resumed,

Te improvement in labor utilization and efficiency went hand-ine
hand with the perfection of the company!s production control system,
Although data had been assemblad and procedures developed during the
preceding months, it was not wtil heginning of this period tat
adequate production controls, incluiihg 2ontrols of material and
labor distribution and utilization, based on time siudies and other
statistics, were made effective, These controls actually affected
& man loading rate of approximately 2035 of all direct labor, compar
ing the time charged against operations with that allotied as detar.
rdned from time study statistics. Computed in like mannex,

~ 20 =
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. production equipment was loaded to the extent of approximately

80% of plant operating time. It is apparent, from a study of
labor effectiveness as compared with early operations that these
improved controls were definitely a major factor in accomplishing
rapid production acceleration. ' :

Shortages of GFE and certain critical materials including
steel forgings, although corrected to a very great degree, re-
mained a source of difficulty.

During the winter months from November 1943 through January
194y, airplane acceptances were delayed because of Jnclement
weather and certain installations including GFE items. The SCBNA
pool grew from'12 in October 1943 to 62 in November, 67 in December
and 73 in January 194}, Beginning in February 194, this pool
was gradually reduced to a low of 5 in June 1944, Reference Exhibit #29,

With the above mentioned exceptions, all elements pertaining
to manufacturing were adequate and fairly stable, The accumilation .
of work in process and the experience of personnel during the pre-
ceding periods had increased to a point where the operating levels
could be maintained and production further increased. Nevertheless 5
many engineering changes and modifications were still required, .
necessitating diligent efforts through careful planning to maintain:
the schedule. These changes are discussed in greater detail wnder
"Engineering". It is pertinent to point out however, that work
on one imporiant model change, involving the replacement of the
R1830-92 by the R1830-90C engine began in February, 19l although
the change was not accomplished wntil the following August,

Conclusion

With the acceptance of 322 planes in Jwne, 194, Oklahoma City
reached the peak of its period of rapid acceleration., Production

- then leveled off for approximately L months, after vhich the facility's

output was reduced by the W-12 schedule, reflecting the lower govern-
mental requirements, '
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production equipment was loaded to the extent of approximately
80% of plant operating time. It is apparent, from a study of
labor effectiveness as compared with early operations that these
improved controls were definitely a major factor in accomplishing
rapid production acceleration. ,

Shortages of GFE and certain critical materials including
steel forgings, although corrected to a very great degree, re~
mained a source of difficulty, ’

During the winter months from November 1943 through January
19l)y, airplane acceptances were delayed because of inclement =
weather and certain installations including GFE items. The SCBNA
pool grew from'12 in October 1943 to 62 in November, 67 in December
and 73 in Janvary 194}, Beginning in February 19L), this pool
was gradually reduced to a low of 5 in June 194)j. Peference Exhibit #29,

With the above mentioned exceptions, all elements pertaining
to manufacturing were adequate and fairly stable. The accumlation .
of work in process and the experience of personnel during the pre=-
ceding periods had increased to a point where the operating levels
could be maintained and production further increased. Nevertheless ¥
many engineering changes and modifications were still required,
necessitating diligent efforts through careful planning to maintain
the schedule, These changes are discussed in greater detail under
"Engineering", It is pertinent to point out however, that work
on one important model change, involving the replacement of the
R1830-92 by the R1830-00C engine began in February, 19l); although
the change was not accomplished wntil the following August,

Conclusion -

With the acceptance of 322 planes in Jwe, 1944, Oklahoma City

‘reached the peak of its period of rapid acceleration, Production

then leveled off for approximately L months, after which the facility's
output was reduced by the W-12 schedule, reflecting the lower govern-
mental requirements, ' : ‘ ‘ .



Production Met.};c;cg and Tooling =

The Douglas Aircraft Company, having had approximately 13

© years experience in the manufacture of this type of airplane and

.. baving been in production of the C-47 at Iong Beach for the AAF
approximately 1 months prior to the beginning of production at
Oklahoma City, had successfully developed production methods and-
tooling comparable to anticipated requirements of the Oklahoma City
plant. Production methods for Oklahoma City were therefore patterned
after those of the Long Beach plant and tooling in duplication of
that used at Long Beach was likewise planned for Oklahoma City.

Tooling Plan

In order to facilitate rapid acceleration of production at
Oklahoma City, and to assure that both plants would produce ine
terchangeable parts, the Long Beach plant originally proposed fure
nishing a pilot set of tooling. Oklahoma City wiould make use of
this tooling, not only for production of alrplane components, but
for use as a guide for production of the additional sets which
would be required to complete the tooling pProgram, '

Late in 1942, this plan was revised inasmuch as demands subse—
quently imposed upon the parent toolmaking division became taxed
to capacity with other work, resulting in its furnishing of only
part of the tooling, This in twn imposed a considerable burden
vpon Oklahoma City at a time when its toolmaking personnel was not
fully trained and its equipment incomplete, It is estimated that

- only LOF of the major assembly fixtures and accessories for the

pilot line was furnished complete and 90% of the remaining portion
vwas furnished in rough form only. Approximately &C% of assembly
pilot line tooling was likewise furnished in rough form, Further-
more, the drawings of the wnfinished parts were incomplete, necessi-
tating interchange of supplemental data, which obviously caused

many delays, '

_ In the original plan, Iong Beach was to furniste complete
stationary tooling to the Oklahoma City plant. Because of anticie
pated increased production requirements however, this plan was
almost immediately revised and mobile tooling for Oklahoma City
was in process of design at Long Beach simultaneously with the
preparation of stationary tooling for shipment to Oklahoma City.

Conversion to Mobile Assembly Tooling

As a result of lengthy discussions between Iong Beach and
‘Oklshoma City, it was decided that mobile assembly tooling could
- .most advantageously be installed in the Oklahoma City plant before
- dnstallation at long Beach, Consequently, the designs were com-
pleted at Long Beach and the nobile assembly tooling built at
'Oklahoma City, ) :

.The greater portion of the change-over from stationary to mobile
agsembly tooling, was accomplished during the period of March through
October 1943, Although this change-over while in process, caused
some" delay in the:normal flow.of production along the assembly lines
affected, it proved to be a very important faotor in attaining early

, production acceleration. : ox ‘



Subcontracting of Tooling

Because of the production time consumed in the manufacture of
tooling, the Oklahoma City plant endeavored on numerous occasions
to procure tooling from subcontractors, Such efforts were wmsuccess—
ful as subcontractors were at that time, operating at full capacity
and sufficient priority rating was not granted, to insure on-time
delivery. The company!s tooling division at Vernon, California
was able to render slight assistance by accepting approximately 5%
- of Oklahoma City's requirements, _ .

One significant case was the swboontracting of a special milling
tower for the milling of angles on center wing sections. Approximately
16 months were required to design, construct and deliver this tower
due to material shortages experienced by the vendor i.e, the contract
was let in August 1942 and delivery made December 1943,

Scope and Pers onnel

The nucleus of the tooling staff comprising tool designers and
toolmakers -from the Long Beach facility began operatiomns at Oklahoms,
City in October 1942, Its activities comprised not only tool prow
duction but conducting a training program for potential designers
and toolmakers, This training program reached its height in May
and Jue 1943 and was terminated in August of the same year., Trainees
comprised both full-tims employees of the plant and persons receiving
pre=production training, Tha following is an approximation of the
8cope of this training program: o3 '

Year - Month : Trainees :
- ‘ b4 - i
1942 ' ., - Deco . 5 50 Lo
1945 : . .Jane . ’ 60 g
: ’ N Febo o5 70 .
" Mar, o 90
- Apr, 120
© May 150
- Jms o 150 i
| Uy T
% : ~ arduge 3 eo

Production of tooling began with 521 direct workers, and was
gradually increased to 1302 in August 1943, then decreased to 833 at
the time peak airplane production was attaineds It is estimated that
3,870,000 man=hours were expended in the design, administration and -
production of tooling, from the beginning of operations October 1942,
to peak production in June 194}, Reference Exhibit # 16

: A1l 'toéling was sﬁbstantially complete in October 1943 s include

ing the change-over to mobile assenbly fixtures, After this date,

‘the major activities of the tooling division were confined to dupli-

cations, revisions and maintenance, o

Methods . v .

The basic methods of production were developed at Long Beach and
L. e
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for the most part were common to ‘the industry vherever quantity
production was practiced. As nev methods were developed and proved
by the company or by the industry, tkey were adopted insofar as was
practicable,

Tooling, including jigs, fixtures, templates s gauges, dies, etc.,
viere designed for rigidity and durability, comparable to the quantities
and accuracy of the work contemplated. nor assembly operations werc
conducted on a combination of static and mobile fixtures. Major subw
assembly and final assembly utilized mobile fixtures which moved ine
termittently to progressive positions in the production line,

Controls

‘Time studies, planning and routing of operations were practiced
from the beginning but were not made effective to a great extent
for several months, as described in detail under "Produciion Accelera-
tion." These activities gradually developed, however, into a complete
production control system by January 19ll; and all operations were
accurately scheduled and routed by a well established machine and
man loading plan based upon careful time studies, | '

T

- 25 -



‘EXHIBIT #16

~ PRODUCTION OF TOOLING
~ MAN-HOURS LYXPRNDED

: Personnel < : Total Yan-hours+
Year Mo, Adm, Design+  Production ° ' (.000)
e - 17 30 - 7L . %6
1943 Jan 17 . 30 ' 702 . 138

: Feb 15 35 . 923 , SR 73

i Mar 21 Lo . 1ol - 210

Apr 20 Lo . 1 S 220
May =9] 15 , 1163 _ s 230
‘dune 22 50 1165 ¢ a3
Jly 21 ‘65 1232 . : 1250
Aug 19 60 12z . au2
Sept 26 60 1216 ; eho
Oct 26 50 1215 ¢ S
Nov 63 Lo 192 : 238
Dec .= 62 30 - 1129 - 226

9L  Jan 60 30 - 1036 . T 210
: Feb 61 ~30 985 - . 198
o Map 58 125 o8 192
. Apr 55 .. "gh 903 ‘ 183
May 53 . 20 . 858 172

2 June 52 20 ooen. e - 163

3 e o ff ‘ .'

ki . (Crand Total - 3870

g it w ' L B
o y i
+ Estimated, P "
¢ oy & i
B N
‘:" ,

7 " tl . !

. h ) - ) S | 3 - - 3
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EIGINEERING

Engineering problems pertaining to the C4,7 project at Oklahora
City was considerably less than the industry average as the airplane
was cormpletely designed, tested and produced in the parert long Beach
plant prior to its manufacture at Oklahoma City., Prior to July 19y,
engineering data was retained at Long Beach for the express purpose
. of maintaining complete interchangeability of parts. Although certair
engineering changes and revisions could have been handled more ex-
peditiously at Oklahoma City, the transmittal of engineering data
to Oklahoma City and the close cooperation maintained befvieen the
two facilities proved invaluable to the Oklahoma City operation. A1l
drawings, changes and revisions were identified by the same number
in both. the Long Beach and Oklahoma City plants, thus preventing.
duplication of work and aiding the interchangeability of parts., Upon
the completion of C-l7 contracts at Long Beach in July 194k, all
engineering data and responsibilities were transferred to Oklahoma

City. | \

Due to the variations in use of the Cy7 airplane, extensive
modification changes were made, During the early production period,
mdification changes consumed a considerable portion of engineering
and production time. - Beginning in July 1943, modifications were
accomplished in the newly constructed modification center adjacent
to the plant. * -

~  Engineering personnel at Oklahoma City was originally formed

from a small nucleus. of 12 to-15 persons transferred from the Long
Beach plant during October 1942, The engineering department developed
to approximately 125 persons as production acceleration increased,

K11 engineering activities pertaining to engineering changes
and modifications, and as related to tooling and production methods,
was in the beginning, wder the jurisdiction of a nucleus staff of
engineers provided by the pargnt plant in October 1942, This staff
quickly developed into an organization of approximately 115 engineers
as of November 192, which was maintained wntil peak production re=-
quirements were accomplished. .
~  The policy requiring that design engineering ren'xa:i‘.n with the
parent plant was adhered to even though some changes in design might
have been handled more expeditiously by Oklahoma City, .but with the
attending hazards of non-interchangeability of parts and inadequate
overall scheduling. : - '

Ky A1l engineering drawings were made and all engineering changes
controlled from the Lonz Reach -Plant, and transparents.and other
necessary data forwarded to Oklahoma City. Drawings and engineer=

" ing changes were identified by the same number in both the long

Beach and Oklahoma City plants, thus preventing duplication of

* work and aiding in the interchangeability of parts. This procedure
was maintained wntil July 191y, at which time because of completion

of C-47 contracts at Long Beach, engineering responsibility for this
plane was transferred from long Beach to the Oklahoma City engineering
department,

« ¥
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Engineering Changes

A total of 308 engineering changes were incorporated in the C<;7
airplane at Oklahoma City. Of these changes, &3 were engineered in
the Iong Beach plant and 225 in the Oklahoma City plant., Because
of the previous production of this airplane at Long Beach and the
cooperation maintained between long Beach and Oklahoma City, a com-
paratively small number of engineering changes were required and a
- minimm of dLfflowlty experienced in ‘ohelr accomplishment,

Dr:ming Changes

Al’chbugh drawmgs received from Long Beach were up=to-date at
time of completion, it became necessary, due to the urgency of the
‘occasion; to make numerous changes and revisions at Oklahoma City, -

" wi thout wa:.ta.ncr for Iong Beach coordination. .

Durmg the first year of operat:.on, the Oklahoma Cl'by pL'm‘b,
frequently placed new tooling in service without rmmning trial
parts, which procedure necessitated many additional drawing changes
and caused confusion in certa:m productLon departpents,.

. ?Lhese -8ituations temporanly caws ed nonuln’cerc}bnrfeablhty of
certain parts and although sibstantially corrected early in 19Lly,
necessitated continual vigilance in the effort te maintair uwp-toe
date drawings and interchangeability of parts without re‘bardmg the
norrral flow oi‘ product...o*z.

Conclusion
Although numerous obstacles were encowntered due to the urgency
of the occasion and lack of preparedness for rapid production accelera=-

tion, no delays in airp]ane aocepuances can be attributed to engineer-
inge i _ .
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MAQIINE TOOLS AND PRODUCTION EQUIPLENT -

The original facility project including the procurement and
installation of all machine tools and production equipment, was under
supervision of the U, S, Corps of Engineers., Allocation of the fumds
expended for same, as reported by the U, S, Corps of Ingineers to .
the Industrial Facilities Branch ATSC, 22 June 19)41;, ’were as followss

Machine tools ¢« « & e o o o

e & o $ 5;985,8290
Portable t001Se « o o o ¢ ¢ 0 o o 672 320 92
Automotive equipment. o o o o o o lpSl 633.81

- 609,752.02 " -

Other production equipment.

¢ $ 7,709,536.61
Toe Plan ' ' .

It was plamned that the anticipated demands of machine tools
and production equipment shouwld be based upon experience gained in
~the Iong Beach plant and that all purchase orders be placed with the
Y. S. Corps of Ingineers at the earliest possible date, to insure the
beg:.nnlng of installations within the new plant dar:mg July 1942,

As delays in building construction were encountered, this plan was
revised to include the installation of machine tools in warehouses
for the early training of personnel,

Receipts and Installations of Machine Tools and Produc‘bion Equipment

Because of the delay of approximately L months in building com-
pletion, early receivals of machine tools were set up in a dom»—
town warehouse and advantageously used for training and production
purposes, These machines were transferred to the plant as rapidly
as building construction pernitted. . Although some difficulty was
experienced in receipt of certain production equipment, the major
portion of all such equipment was received in due time for installae °:
. tion concurrently wlth building oonstructlon progress,

4

L Actual recelval dates of machinery of specific types and quanti- |

- ties cannot at this time be accurately determined, but an estimate

of all machinery delivered, including admnlstrative equipment, during
. each of the several months is shown by Exhibit # 17« This indicates
that had the originally needed specific machines or equipment been
received on the dates specified in the schedules, few, if any, pro=
duction delays could be attributed to late deliveries, especially

4n view of the retarded tooling program, Vhen machinery was not
received on schedule it was necessary to employ ingenious methods

"to maintain production. On other occasions machinery was received
before it could be installed in the space allotted because the,bui- i-
:’mg construction was not far enough advanced,

7 " In order to assist in the receipt of machine tools and other -
Tequipment as needed, an extensive expediting program was instituts:
by the company,. It was only moderately successful. There were ca.‘\
'4n which special transportation was ‘employed to expedite deliveries °
‘and in other cases materials were shipped to other facilities for

!
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processing pending receipt of company's owvn machinery. A specific
case is that of one twenty-five ton hydro-press having been scheduled
for receipt in May 1943 but it was not received wntil January 194,
This condition necessitated materials and components being shipped
to the Iong Beach facility for processing, a suitable press having
had machine time open there, This procedure prevailed during the
full six months intervening period, and obviously contributed to
lowering operating efficiency at Oklahoma City. This was a period
of scheduled low production, but had it occurred during a period of
high production more serious delays would have resulted,

There were many other instances of like nature, but as-in this
case, by the alertness and ingenuity of company personnel, the program
for machine tool and other production equipment kept pace with all
other phases of manufacturing so that no delays in airplane acceptances
can be directly attributed to the lack of such items. B

1 e B0



EXHIBIT #17

, CAPTTAL EQUIPMENT
(Including Machinc Tools s frocuction Equipment &.
Office Equipment)

SCHEDULE OF RECEIVALS -

, : Percent of
Year : , ¥onth Total Value .
1942 , . Pricr to Noverber . - 18,0
; Decerber . 21.9
943 . January o 2.8
' o February . 3.5
I‘-?'arCh ) ) hr}o
April i+ 52,1
June : _ 65.1
July F - 69,
August - ' 70.5
Septenber 7.6
October 73.8
November 75.8
) Decerber 8342
ald; : - January 119241
o ' _ - February '97.0
. . March = 981

fpril . 99.2
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MATERTALS AND PURCHASED PARTS

The difficulties of procuring on-time delivery of materials
and commercial components were of serious concern in connection
with the. rapid production acceleration. This condition prevailed
by reason of materials peculiar to aircraft, particularly aluwninum
and many grades of alloy steel items wers very scarce inasmuch as
they had limited use in industry prior to World War I and therefore,
an unprecedented burden was imposed upon the unprepared materials
producers, This situation was aggravated by maldistribution among
airplane manufacturers who could not accurately predict their re--
quirements, especially prior to 19L);, The condition was further
affected by the inadequate national control of material distribution,

Douglas, Oklahoma City, like most other producers s estimated
its requirements optimistically in order to assure their obtaining
full quantities of all items as scheduled, This resulted in -
balanced inventories consisting of excessive quantities of some items
and a scarcity of others, As the national situation became more
stabilized, and controls made more effective, the company's stocks
were brought within a practical working inventory, This situation
was still further improved during February 194l due to the company’s
revised material control system which maintained very clese coordina-
tion among all departments concerned,- e

b

Procurement
mw
t

Procurement difficulties at Cklahoma City were considerably
lessened because of experience gained by the parent Long Beach plant
and the receival of 75 knock-down airframes from the Long Beach
plant, Although special efforts were made to place purchase orders
sufficiently in advance of scheduled requirements to permit on-time -
receivals, numerous unanticipated difficulties resulted as explained
in:the succeeding paragraphs, e

L s e
. Critical shortages of materials although considerably alleviated
during the latter part of 194, remained a constant source of diffi- _
- culty throughout the entire production period, Some of the principal
items involved were alloy steel and alumimm forgings during the
summer of 19.3; bearings, elastic stop nuts and electric motors from
late 1942 to the latter part of 19Lk; plywood from the .sumner of 19L3
throughout the production period, and all textiles from the beginning
to the end of operations, Such shortages necessitated extensive expedi-
ting by-a large staff of company personnel, and in many cases by the
asfistance of the AAF through its ASU=16 procedure. '

2 There were numerous occasions wherein it was impossible for the
company to forecast its materials requirements sufficiently far in
advance to permit vendors to make on-time deliveries, . For example,
with no precedence upon which to base estimates, the AAF could not -
anticipate spare parts requirements accurately, and therefore would
specify spare parts in dollar value only without scheduling by part
mmbers or quantities, Scheduling would follow later requiring that
specific spare parts be shipped concurrently with the related air--
planss or ahead of the airplane3:sichedule. Dates specified for parts

[
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making it necessary to divert materials, components or asserblies
intended for airplanes to spares. This nol only disturbed an
even {low of production but caused serious material shortages,

Conclusion

Difficulties in the procurement and storing of materials
and purchased parts during the early production period were
considerably lessened because of experience gained in the parent
Iong Beach plant., The inability of vendors to ship as schedulcd,
resulted in wmbalanced stocks in the Oklahoma City plant and
- necessitated a more effectiwe material control system. Shortages
of certain critical materials remained a constant source of
difficulty throughout the entire production period,
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VENDORS -~ PARTIAL LIST

Castings =

A & F Alum. Products Co., Los Angeles, Calif,
Aeme Pattern & Foundry Company, Maywood, Calif,
Aero Alloys, Vernon, Calif, .
Aluminum Co, of America, los Angeles, Calif.
Compton Metals Co,, Compton, Calif,

Arrow Brass Foundry, los Angeles, Calif,

Forgings -

Aircraft Mechanics, Inc,, Colorado Springs, Colo,
Ajax Forge Co.,, Inc., Los Angeles, Calif, j
Billings & Spencer Co,, Hartford, Conn,

Bohn Alwminum & Brass Corp., Dstroit, Mich,
Chevrolet, kuncie, Indiana ‘
General lMetals Corp., Los Angeles, Calif,

Kropp Forge Co,, Chicago, -I11, '

Ladish Drop Forge Co., Cudahy, Wisc.

Screw Machine Products -

Dill Manufacturing Co., Cleveland, Ohnio
Lamson & Sessions Co., Cleveland, Chio -
National Lock Co., Rockford, I1l,

Rockford Screw Products Co., Rockford, I11,
Thompson Products, Inc., Bell, Calif,

Be;trings and Gears -

Boston Gear Works, Inc., North Quiney, Mass, - .
Bound Brook Oil-less Bearing Co,, Bound Brook, N, J,
Chrysler Corp., Detroit, ich. .
Fafnir Bearing Co., New Britain, Conn,

Nice Ball Bearing Co., Philadelphia, Pa, :
S.K.,F, Industries, Inc., San Francisco, Calif,

Hydraulic Hose, Fittings and Assemblies =

Aero Coupling Corp., Burbank, Calif,
Chicago Metal Hose Corp., Maywood, Ill,
Deutsch Co,, Kansas City, Mo,

Dole Valve Co,, Chicago, 1. :
Jo F, Dixon Co,, Los Angeles, Calif, .

= T



EXHIBIT #1& (Cont'd)

Hyd. Hose, Fittings & Assys. (Contid) -

Lunkenheimer Co,, Cincinnati, Chio - -
Pacific Pumps, Inc,, Huntington Park, Calif,
Parker Appliance Co,, Cleveland, Chio
Saval Co,, Los Angeles, Calif,
Smith Meter Co,, los Angeles, Calif,
- Weatherhead Co,, Clevelard, Chio
Williams Automatic Heating Co., Bloomington, I11,

Electrical Accessories -

. Adams & Westlake Co., Elkhart, Ind,
Allen Bradley Co,, Milwaukee, Wisc,
American Phenolic Corp., Cicero, 111,

" Bendix Prod, Div., South Bend, Ind. _ .
Cutler Hammer lifg, Co., lh_l'vaukee, Wisc. x'
Electronic Leboratories, Inc., Indianapolis, Ind.

. Harwood Co., Los Angeles, Calif,

". Ieach Relay Company, Inc., Loz Angelcs, Call_.
. Iights, Inc,, Alhambra, Calif. -
P, R. Hallory & Co., Inc., Indianapolis, Ind,

Micro Switch Corp., Freepart, 111,

" Monarch Tool & Instrument Co., San Diego, Ga.llf. -
Ohmite Manufacturing Co., Chicago, Ill,

Poulson & Nardon, Inc., Vernon, Calif,
Square D Company, Detroit, Mich,.

Fire Extinguishers, Hsaters, and De-icers -

Valter Kidde & Co., Inc., Belleville, N.-J.
Pyrene Mfg. Co.,. Newark, N, J.
Raymond De-Icer Co., Inc., Los Angeles, Calif,
* Stewart Warner Corp., Chicago, Ill. S
Parachute Corp. of America, Los Angeles, Calif, .

- ..
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GOVERIMENT FURIMISHED EQUIPHENT i

. An effectiwe orgarization was established immediately upon
beginning of operations at Oklahoma City for the control of GIz
and by diligent cooperation with the AAF personnel all anticipated
requirements were scheduled early, When late shipments becane
apparent they were immediately expedited, with the result that -
actual shortages were not so serious as t retard airplane acceptances,

Invcn@ggz

The original plan contemplated maintaining a fhirty day supply

of all items, This was carried through to the extent of eighty

percent of the nurber of items, necessitating expediting the balance
to maintain a working inventory, This was-a healthy condition, cone
sidering the demands for similar products placed upon GIE producers
by a large nuber of contractors, with variatle and sometimes un-
sound scheduling practices, The resuit ias that some contractor's
inventories were very erratic, thereby causing maldistribution ol
products, Schedullng of G”E at the Olclahoma City pLAht VAS GoTics
sidered goode ' - i

)
1

Reconditioning of Defective Items _ x

With few exceptions, government furnished eqidpment was rs-
ceived in good ‘condition and ready for installation, These few excejw. -
tions required replacement of defective accessories or minor reworke
ing, uwsually resulting from damage in transit or handling., Thsz
government required all defective or damaged GIE to be rebturned 4-
the producer or:a GIE dzpot for repairs. As GFE stocks were usuai.e
kept at a minimum in the contractor'!s plant, the practice of retur:..
ing defective ori damaged items for repairs, frequently resulted in
a shortage of the contractor!s supply and delayed production. Had
the government permitted the contractor, under close supervisio:,
to make minor repairs on GFE, much time could have been saved and

~such delays in production prevented. Reference Exhibit #19.

T
Conclusion
The experience record in the procurement and use of govern-
ment furnished equipment at this facility was quite satisfactory,
Approximately 600 items of such equipment were incorporated in the
C-b7, which represented about forty percent of the cost of the
plane. -

Personnel of both the contractor and the AAF contributed materially
to the success of the GFE program by +heir serious efrorts to scheduls
accurately and to control GIE deliveries, .

e
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' '.EXHIBI'I‘ #19

ITELS OF GFE

< Quantity of Items Per Assembly
Quantity of  Items per Quantity

Name of Asserbly . Assemblies Agsembly  of Items -
Propeller - 2 - 6 12
Power Plant .2 2 2
Pumps L -} oL
bymament 6 6 L6
Oxygen Equipment s 3y - U 6.
Instruments 3T 373 50

~ Electrical Equipment 28 o8 61
Misc., (Incl. Supply Div.) 13 13 - gl
Landing Gear L L 6
Radio Equipment L 255 326

N
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SUBCONTRACTING . -

At the time this facility began operations and wntil August
194k, the Long Beach plant was producing the same model airplane,
Therefore, it was good practice, in order to facilitate subcon-
tracting,for the parent plant to procure subcontracted items for
Oklahoma City, inscfar as was practicable, from existing suppliers
already manufacturing these items, Accordingly, the Long Baach
plant directed its subcontractors to also supply Oklahoma City.

Operations and Procedures

Subcontracting at Oklahoma City involved approximately 100
suppliers. The percentage of direct man-hours per azirframe wit
charged to outside production is reported by aeronautizal monthly
progress reports, ranged from 53% in February 1943 to 16% in
August 1943, to 187 i1 .4Au.. 1944 and remained approximately 18%
throughout the remainder oi the production period. Reference,
Bhibit # 37. |

Two major subcontractors produced the most substanisal portion
of the vwork, namely; Pullman Standard Car Manufacturing Company, -
Aireraft Division, Chicago, Illinols, furnishing the outer wing
assemblies, and the McDonnell Alrcraft Company, St. Louls, Missouri,
furnishing the empennage assenmblies, ' _ h

It is estimated that less than 10% of total airplane materials
and production equipment -was furnished to vendors to be incorporated
into,or used to produce, products for the prime contractor.

The parent plant was Solely responsible for materials, tooling,

-production methods and quality workmanship of the subcontractors

during the entire production period of *he Oklahoma City facility,
However, Oklahoma Uity personnel acted as liaison for Iong Beach and
subcontractors in this matter, _ L .
e, - . {
The quality of all subcontracted items was of a very high average,
Delays encowntered in production were few and of minor conszquence,
due to careful planning and controll of all operations by the parent

- plant, assisted by the subsidiary plant. Tor the more important

items subcontracted, see Ixhibit # 20.
| .

Difficul‘hies Ehcountered

it 4 .

- -

- possible this syocess.

The usual production difficulties were encountered necessitating
engineering and manufacturing assistance to the subcontractors,
assistance in expediting deliveries of materials and production equip-~
ment, and in maintaining wiform produsts, These were minimized,
hovever, as the result of experience previously acquired by the sub-
contractors in having supplied similar products to the parent facility.

Conclusion

The success of. this subcontracting program not only contributed

to early alrplane acceptances but assisted materially in the rapid

acceleration of production. Supervision by the parent plant made
R 5 4
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EXHIBIT #20

MAJCR ITEMS SUBCCHTRACTE

Outer wings
Wing tips
Ailerons
Aileron flap
- Ving flaps
- Outer wing flaps
Horizental stabilizer
Vertical stabilizer
Elevator zsserbly
Rudder assembly -
T2b rudder essembly
Tab elevator asseibly
Cowl flaps
Cow) flap support
‘Covrl flap valve
1 Tanks
“Tank cradles
- Ferry tanks
Ioading ramps :
Exhaust collector rings
~ Controls-
Motor mount tubes
Air cleaners
Cylinder assembly
Flap relief valve
Pumps and valves
Pump assenbly
Four way valve assembly
Valve hydraulic selector
: Re ract strut cylinder assembly
. Strut assembly wing flap
"Tube assembly brake torque -
.Rudder pedals
, Fedal assembly
" Hydraulic assemblies
Hydraulic hose assembly )
Tail pipes B .
.Shock mounts ' ‘
Shock struts
Troop seats
Rudder stocks _
Landing gear truss
Castings and forﬂings :
Doors
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INSPECTION

As: in the majority of cases during the early part of our exper-
ience in Vorld War IT, the demand for rapid production acceleration
far exceeded the availability of trained inspection personnel,
Although basic inspection difficulties at the Oklahoma City plant
have been attributed to this situation, and quality control remain..
ed "B" classification from 6 March 1943 to the end of the production
‘period, no delay in the acceptance of dirplanes can be directly
attributed to any phase of inspection procedures, -

. Growth of the Inspection Department

The inspection department at Oklahoma City was developed from
a nucleus of 32 inspectors transferred from the Douglas, Long Beach
and Santa Monica plants during the latter part of 19,2, These men,
with an average experience of 5 to 7 years each, acted as instructors -
in trade schools and in the plant, and formed a nucleus of superes
visory personnel, g _

Ivio sources:of training were establisheg prior to completion of
building construction, one in the Agriculture and Mechanieal College
at Stillwater, Oklahoma, in September 19,2, the other, a trade school
set up in a warchouse in Oklahoma City in October 19,2, Both were
Government sponsored and had a combined student capacity of approxi.

ately LOO persone, The major portion of inspectors graduated were -
directly employed by Douglas Aircraft, They were, all instrumental
however, in inspection of the Cd|7 airplane s due to the fact that

those not employed by Douglas were enployed by subcontractors in the
vicinity. . ' o

Instruction courses were for a period of 4O days and the currio

~ oulum adequately covered the entire inspection field as applied to the

manufacture of C-4;7 airplanes. It was discovered later, however, that

. due to highly specialized instruction and individual aptitudes, many
. persons completing the training cowrse were laclding in the versatility
-necessary for inspection work on numerous components or assenblies,

necessitating considerable on-the=job instruction,

~_The training .of Army Air Force inspectors was . conducted af the
facility by the inspector in charge and consisted of approximately
6 weeks instruction followed by actual on-the=job training, wntil
such time as the individual becams qualified for the positdion to which
he was assigned, .. d

+  Although operations of the cohtractor's inspection department
did not at all times keep pace vith increased production acceleration,
the percentage of contractor inspection personnel as compared vith

- direct workers, indicates a gradual increase in efficiency as is
shown in the fo];qwﬁng tabulation, T

. : . . & Contractor
Direot - Contractor . Inspectors to AAT
Date Workers - Inspectors . Direct Vorkers Inspectors
7'-‘.!.'-(43 72% 920 . ‘ —j:!-.7% ; 78
S LA 1762 950 8, % 115
Tel=dily 12107 . 929 - TeT5 : 123
L1415 9330 715 TeT% ~1310

FREY: 8807 650 T 70
) i ) -337-'- g
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Yajor Factors in Inspection Control

The .problem of obtaining complete wmanimty of policles and pro-
cedures between the Army Air Forces and contractor!'s inspectors, although
gradually improved, was never entirely accomplished, This is indicated
by the quality control classifications issuved, viz,, Class "C" from:

November, 1942, the beginning of the production period wntil April 19h3;.'
“and Class "B" from that time to the end of the entire production period,’

The principal causes for not achieving quality control classifi-
cation VA" are as follows: . :

1. . The large quantity of inspection personnel requiring close
supervision and on-the~job training, This situation, although showing
gradual improvement, existed throughout the major portion of the
production period, - -

2, Unproven and incomplete tooling received from Long Beach, -
caused rejection of thousands of component parts prior to October 19,3,

3. Errors in receiving inspection, e.ge., the acceptance of non-

. usable ailerons from Pullman Standard Car Company during the summer

of 19}430

L. Inaccurate inspection on detail sub-assemblies used in the

center wing sections, prior to April 19l

o

5¢ The removal of rivets in the.center wing spars, by rivet guns

.and chisels thus elongating and damaging the rivet holes. Such practice
continued until the latter part of 1943.

6s The occasional rejection of completed airplanes due 1o %he
quantity of squawks and especially difficulties with the installation

of radio and electrical equipment,

The contractor's executive personnel cooperated most cordially
with the Army Air Forces in the major vhases of inspection procedures
throughout the entire production pericd, - the most important of which
were the following: ‘- C

T . { (R
"1, Cooperation in the training of new employees,

2. Contractor maintained suitable system for identification of ]
raw materials. e ' iy

3. Contractor swppriied adecunte precision “nstwmmant< for th:

_ iﬁspection of gauges, templates, and fixtures,

Lie Contractor maintained adequate magnetic inspection equipment,

5¢ Contractor obtained use of the X~ray equipment of Industrial
Laboratories, Dallas, Texas, ‘

6s The setting up of a salvage board, April 19,3,

vl,_'

The contractor's inspection equipment was checked for acowracy per

- 3%

-
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" Afmy Adr Force requirements on the following basisg:

- Master gauges + o o o 30 days
‘Reference gaugese « ¢ 30 days
Master templates. o o Continuously

- Referencs templates . 30 days

- Shop templatess « ¢ o« When reworked

Shop fixtures + « o o Weekly

. The contractor!s improved production methods during the -
early part of 19L); were especially helpful to the inspection de=

| partment., <4he most important of these were:

1, Thorough inspection of all firsterm items, SRS

2. Increased accuracy in inspection of detail sub-assenblies,
especially those used in center wing sections,

3¢ Use of drills for removal of rivets*in center wing section.

ke - The installation of improved time study methods, .

5+ - The shifting of certain personnel to the departments in
which they were most efficient, _ -

- Presentation of Army and Navy Avrardq

Although airplane acceptances were on or, ahead of schedule
after September 19L5—and reached an all-time high 6f 322 in Jus
10L);, quality control improved to the extent that the Army and -
Navy YE" Award was presanted in September 194 and the ME" Starw
Award, in March 1945, | S L
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- MANPOWER

Sumary

From the standpoint of manpower resou:bces, .OMom C:‘rby
was an ideal region for the production of aircraft., The city
had a population of 20,000 in 1940 and duriiig the course of

. the war it increased only 50,000, It is obvious, therefore,

that the influx was below that which could be expected for the

‘dncrease in number of workers required by the war effort, and

that the ultimate employment of about 22,500 by the Douglas
Company was dravn largely from permanent residents living in
the local and surrownding areas. The objective of tapping a
potential labor market was, therefore, accomplished in con-
structing the new facility in this location, '

Because the region was predominately agricultural, persons
vith skills readily adaptable to the aircraft manufacturing
industry were in the extreme minority, necess.;.tat:.ng the es‘tab-
lishment of government sponsored trade schoolss

Direct workers were employed as rapldly as pre-production
trade school courses were completed and personnel requirements
established, %hen possible, all new workers were given in-plant
training prior to direct assignment to production positions,.
Employees -were advanced to work requiring greater skills as
their talents warranted; and in due course, a well balanced
production force was developed. This .was accomplished by the
combined efforts of the nucleus organization of management,
engineering and.prcduction personnel transferred from the
company's other facilities and ‘by the efforts of govemment
sponsored educational institutions., ILabor itself manifested
willingness, energy, and a spirit of cooperation, with the
result that the job was completed without interruption due to
any strain in management-labor relations.

§
l o

The Flan b

" The management being fully aware of the type and quantity
of available workers in the Oklahoma City area, recognized the
need for early establishment of pre-employment training .courses

"~ and cooperated with the state department of education, operating

wnder the National Vocational Prograr, in regard to the estimated
number of trainees and the requ:x.red curriculum,

The number of workers required and the rate of hires were
estimated from statistics compiled from experience gained in
the Long Beach plant, with due consideration glven the acquired
skills at long Beach and the lack of such s]d.lls in the Oklahoma
City area. .



Recruiting of Workers

The persomnel manager and assistants transferred from the
Santa Monica and Long Beach plants arrived in Oklahoma City in
July 1942, and immediately initiated a campaign for recruiting
workers, All conventional methods wera wsed to interest appli-
cants, and included newspaper and billboard advertising, radio.
appeals, contacts by mail, telegrams and telephone calls, Exw
perience disclosed, however, that the most effective method was
by personal letters to potential applicants, 4n wusual method:
of recruiting applicants was by making house to house canvasses,
but this was resorted to only during the most critical periods,
Another wusual and particularly successful way of interesting
" workers was to invite them to the plant that they could observe
the kind of work expected of them. This was effective because
many people had the opinion they could not adapt themselves to
mechanical work. The result in most cases was that they then
‘realized the work was within thelr ability and proceeded to make
application, '

The acquiring of a qualified labor force of sufficient
quantity proved to be a comparatively slow process, especially
during the first & months of productioh when considerable v
difficylty was experienced because of lack of machinists, tool
designers and tool workers, ' v

The referral of new employees from the United States
Employment Service was helpful bub produced only a very small
percentage of the required personnel, due largely to the cone
tractor!s efficient recruiting program; the transferral of:
workers from trade schools to the plant and the United States
Employment Service system of referring skilled workers to.. !
employers in other areas who had received higher priorities for
personnel requirements, . @

‘With the exception of about 600 workers transferred from .
the company's other facilities (51% from Santa Monica, L6 from
Iong Beach and 3% from El Segunde ), fully 75% of all workers
were recrulted from within a 70 mile radius of Oklahoma City,
Recruiting began in September 1942 at a temporary office in
. Oklahoma City. By March 1943, 9,86 employees were on the
payroll and by June of the sams year this number was increased
to 15,791s Peak employment was in Novamber 1943, when a total
of 22,59 vas reacheds Accessions were high wiil July 19L3,
geaamg WLk zenth 34559 worlmres wares hivad: thareyiew '
accessions declined rapidly wntil December when only Ok hires
were mads, Monthly separations varied from 3% of total employ.
ment at the start of production o 7 1/2% or 1,679 in Jwe 1
wha: peak production was achisved, Female workers nunhered
about 50% of total employment throughout the entire production

periods As of 1 July 1945, a total of 1,603 employees entered

..}42'.. .
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" the Armed Forces., This "v{ras considerably less than the industry
average dus to efforts of the contractor to employ persons beyond
draft age. .

. Training
Trade schools established in and near Oklahoma City for -
the purpose of training aircraft manufacturing personnel, were
finctioning effectively in November 1942, Certain experienced
persomnel transferred from the Douglas Aircraft’ Company!'s
California plants formed a nucleus of instructors for such trade
schools, Many of these schools, especially the National Defense
_.Training Schools sponsored by the State Labor Department, were

of outstanding assistance to the industry, their equipment was
up to date and their curriculum sui‘ficiently diversified. The
courses of instruction were usually of six weeks duration after
which, trainees employed by Douglas, were given actual in-plant
training wmtil such time as they were considered qualified to
guccessfully accomplish the work assigned.

. For the purpose of improving in-plant training, many
manufacturing operations were broken down to the extent that
individual aptitude could be most advantageously utilized.
Workers were advanced to more difficult operations in accordance
‘with their improved skills and to supervisory positions after
sufficiently demonstrating their capabilities, providing the
‘need arose, Special courses in supervisory training were
sponsored by the Engineering, Science and Management War Train-

.~ .ing Program assisted by Douglas Aircraft Company. . Approximately

1;,000 persons enrolled for supervisory training courses during
the production penod.

Work-Week and Sh:Li"b_ D:Lstribu'bion

. The plant operated on a 3 shift basis, each shift work-
ing L& hours per week. The first shift comprised the most
workers but the second totalled approximately 90% of the _
first shifte The third shift varied greatly in number of workers
from about 7% to as high as 55% of the number on the first shift.

This variation was caused by several reasons, the principal
one of which was the wncontrollable work load imposed by reason
of this shift being utilized to a great extent dwring the early
months of production, to balance the production of the ﬁ.rst
and second shlf’cs. Reference Exhibit No, 29. ;



i

The three shift method pmved to be ideal not only because
of the part the third shift played during the early production
period, but also due to the fact that this shift was trained and
made ready during this period to take its share of the production -
load during the later months of operation when the plamned capa-

- cdty of the i‘adlity was exceeded by about 307,

Iaboerana ement Relations

Because of management's efforts to give all possible assist-.
ance to workers and the over-all atitude of the workers to put
forth an all-out.effort to win:the war, there were no serious
disagreements between labor and management, no strikes and no

. work stoppages during the entire production period. A very high

morale and a splendid spirit of cooperamon existed in the entire
labor organization,

‘After several attempls were made by labor orgamzamonal
groups to negotiate for the workers, either by craft or factory
representation, the UAW-CIO became the sole labor bargaining
agency. The UAW was voted down in dpril 194l but rer-elved a

-majority vete in March 19L;.5°

Isbor Utili zation

4As originally planned, the labor organization was- developed
from experience gained in the long Beach plant, with careful
consideration given the necessary training requirements and re-
adjustments of persons previously engaged in occupations iord.g:x
‘bo the aircraft :mdu;tryo

Follow:mg the ’bl"e"ld of the indust ury, labor utihzamon was
cons:.aerably improved after the first & to 10 months operation,
and direct man-hours per wit were gradually lessened mtil L
peak production was reached., Reference Exhibits No. 32 and No. 37.

! SRORY
During the first & months of operatlon considerable d::_f‘i‘lculty

was experienced -due to lack of sufficient quantity of skilled

workers, the more important of which were machinists, tool
designers and tool makers, <¥roduction schedules were usually met
despite the shortage of skilled workers, as a result of detailed
break downs of the job followed closely by time studies and
methods analyses to accomplish proper sequential loadmg and
balance of manpower requirements.

4 synchranized and balanced load deiinitely immroves the
morale of all employees as the conlractor carerul.y avoided
overloading departments temporarily shori of experienced personnel.’
Detailed time studies enabled supervisors to work out equitable
production assignments and were of valuable assistance in the
grading and classifying of workers, One of the latest and most
important inprovements in labor ulilization was made in the center
wing secticn of the sub-assenbly lines, early in 194k, :

L : N -y - . -.9.
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_EXHIBIT NO.22
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EXHIBIT NO.23
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BN ACRAENT

The: Douglas Sdreraft, Companyys, I&%, of Santa Yfionicaa
California, acting wpom the original Letter of lotent relative
to, the manufacture of Cy7 airplanes at Cklaboma Cily, immed=

fately farmed a ouclews of managemal pexsonnel foxthe new
. URlahoms. City plaote - Such persernel yere withdeawn £yom the

Santa Merficea and lemg Beach plants; in & maoper thab would perw
mit other persons to iake ever their dubies withoul uwnduly
xeﬁaz&ng gzadnctmm e,f tha pmm ,,lamsm

'l‘!m: orgmzam@aal plan as wxmlw s,e'tz ug fo» the Okla-
pzqdncﬂ:mm pencﬁ, althn,ugh nwemus mmbeﬁa: d:.,f,ﬁ. cult..*eﬁs

- amosey, especially during the & wst 12 neaths of ngara’o;ona

plic;e) menagement assigned to the Oklohoma City plant was very
capable and instilled high morale and am oversall spirit of
cooperation among their workers and foremen, which was faxr above
the, mdnam averages

Iniﬁ:ia:b:\.m and Crow’ch of Oxganizatim . wafmoe o oper

A3 pmﬁﬁchon was onmna.lly exoec%e& to beg:m in t‘ne &
mzlahom City Flant in September 1942, the group of personnel
selected from the Douglas, Californla plauts, for managerial

. positions at Qklahoma City, occupied Lemporary office qpace in.

Ios Angeles as early as 1Y, Imy‘ J&g&, ir erder to duly pm
Qpemh.oml procedmm s i

~td \.By July 19[4;. the p.:.ant managea. plant engineer, and per=
sonnel and purchasing groups had been transferred to Oklahoma

- City and temporarily located in a downtorm offfice budlding.
- During August, September and Octobar of 1942, all remaining .

managerial personnel,. mtal.m:g 379 paTSCnS, Were transferred
to 0k].ahomaa CGitya

\

Due ta Jadk of completlon oi‘ sufficient office space and .

: because of adventages gained by being on the plant: site, the

entire managerial group was transferred to a completed garage

" building on the plant site during November 1942. All managerial

peronnel were moved into the administrative séction of the new
puilding in March 1943, at which time building construction was
a.ppronmatalx‘ S co:zrple‘be. ‘ _ §

In gequance with increased produchm demands- the number

‘of managerial and supervisory personnel wera inoreased, tha -
major portion of these pavsons baing promoted from the ranks.

Dus to the greab percentage of new employees, wuxy persons 80

» had very little training and experience as is evi=-
danced by the fallowing tabulation of exparience of lead men
taken carly in 13,

i - . ;
‘ .



6.6% 5 yrs. or more experience

3.9% 3 to 5 years experience :

9:3% . 1 to 3 years experience T
5.5% 7 to 12 months experience

The7% less than 7 months experience,

From the original nucleus of 379 persons transferred from
California plants, managerial and supervisory personnel increaseqd
to an all-time high of 507 persons during the early part of 194,
(2.4% of total employees ),

Basic Organization and Changes

The basic organization was comprised of 27 administrative

" wnits, the principal executive of each having been appointed from
the key personnel transferred from California prior to assuming
duties at Oklahoma City, Dwring the early production period,

the major portion of these 27 wmits, reported directly to the
executive offices at Santa Monica and ‘ong Beach. Most important
of these responsibilities under headquarters control were financial,
contract administration, industrial and public relations, engine-
ering, tooling and material control. The organization chart,

dated 1 June 1945, (Reference Ehibit No.25 ), reflects the
organization as it existed from the beginning of operations wntil
the end of the production period during this war emergency,  Of
the executives in charge of each of these wits, only 2 were re-
placed during the entire production period for reasons: conducive
to more effective operaticn, There were, however, numerous changes
among minor Supervisors; as many of these positions were very
difficult to i i b A necessitating prebational appointments ‘and, in
most cases, extensive training resulting in try-out metheds y let-
ting individuals advance, -stand or fall, depending strietly upon
their ovn merits, - 2 : F

Appraisal of Operations : i

‘o! . § ‘
Methods of managerial control used in the Oklahoma City
organization were for each administrative op operating wnit to
maintain lines of strict accomntability within its ovm sphere,
The chief of each wnit was directly charged with the ful]l
- responsibility for his wnit. Under this System effective contgot
was maintained with the executive office and exchange of ideas
facilitated among executive and Supervisory personnel, : ’

In the early phase of the production period, functional
relationship vetween the parent plants anc ine Lev uglishoma City
plant were not clearly defined and various problems arose, es-
pecially with respect to the relationship of tooldug, controllers
functions and engineering, ; : .

- of special interest is the development of the Tims Standards
Departmens, which during the early part of 191, was develsped +o

el -



a very efficient degree, enabb.ng management to exerc:.se close
a.nd effective control of over-all productlon departments.

The plant manager, through his lmowledge of aireraft manu-
factumng gained by many years experience with Uouglas Aircraft,

- was able to develop among his subordinates a high morale and
.manimity of purpose. With due consideration given to diffi-

culties encowntered which were beyond the control of the local

-organization, the over-all result was that Oklahoma City es-

tablished an outstanding record in its production of the C-I_ﬂ
transpo;-’o planeo

t

i %



EXHIBIT NO25

ORGANIZATION GHART — OKLAHOMA CITY PLANT
DOUGLAS AIRGCRAFT GOMPANY, INC,

GENERAL OFFICE

JUNE |

1945

PLANT MANAGER

C G PEARSON

GENERAL

OFFICE

EXECUTIVE S EXECUTIVES
l - e I ] - l l.---...‘ﬁ
ENGINEERING ASSISTANT TO CHIEF PLANT TIME PLANKT
MANAGER PLANT INSPECTOR ENGINEER STANDAROS COMPTROLLER
MANAGER MANAGER
C.C. PEARSON Q.M. BARTIN J.E. MODERMOTY R.M. ALLEN H.W. THUE C.E.BRACE
SUPERINTENOENT, SCHEDULES CAPTAIN CAPTAIN TERMINATION LEGAL
OF TOOLING MANAGER PLANT FIRE WANAQER COUNSEL
PROTECTION OEPARTMENT
R.K. STURGESS N. K SHAPPELL J.8. YOCHAM CEZIMMERMAN G.H. HOGAN H.L. HURT
CHIEF OF PROCESS MANUFACTURING CGENERAL PROPERTIES TRM.SPORYATION PERSONNEL
MATERIEL ENGINEER CONTROL SUPERINTENDENT] MANAGER MANAGER MANAGER
MAMNAGER °
S.L. WADE 4.8.0800%x8 |' | L.n. COOPER L.w. HAOIAH J. 0. RAMSEY L.A.WATSON A.€E.NAMDONALD

3]

COMTRACT
ADMINISTRATOR

0.J. ORENTNALL

ASSISTANY
© MEDICAL
OIRECTOR

OR.N. J. BIMS

]

# SUPERINTENDENT
FIRSY SNIFY

1. 6. MORGAN

SUPERINTENDENT
SECOND SHIFT

~J.N.PIERSON

_{SUPERINTENDENT
FABRICATION

. MILLMAN

SUPERINTENDENT
ASSEMBLY

INSTALLATION &

FIELD OPERATIONS

N 6. NYND

[

INDUSTRIAL AND
PUBLIC RELATIONS
BAMAGER

L.J. ROBISON

]

WELFARE
MANAGER

A.F, SOHMITY
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T

BUILD -UP OF DIRECT MAN-HOURS
DOUGLAS OKLAHOMA CITY G-47

e e i i

e EXHIBIT-NO.3I

N Sl ol

1942 NOV. B H] u
DEC. 193 226 183 160

1943 JAN. s 608 s 2188
FEB. 838 sz 800 0222
MAR. s 1961 89 o219
APR. 1028 2989 1028 .208
MAY 1268 256 360 332
JUN. 1872 (3444 1620 *260
JUL. 1935 7662 19% *320
AUG. 2026 9653 2026 86
SEP. 2189 _uarr 2100 %
OCT. 388 14361 2200 *100
NOV. .an 18533 2220 +20
DEC. 2091 19629 2220 o

1944 JAN. 022 2064 2% *20
FEB. 2180 11820 1260 020
MAR. 07 2530% 10 20
APR. 2120 2728 23% 60
MAY 2600 3002¢ 2600 «260
JUN. 2588 2608 58 -18
JUL. 7 15078 267 -117
AUG. 2588 37663 2300 -167
SEP. n 39985 urs -125
ocT. 2088 w2078 1089 -8
KOV. 8?7 3974 1897 -152
DEC. 1438 45609 1638 -259

1945 JAN. 182e ¥7233 1500 -138
FEB. 135 s 1360 1%
MAR. 1828 80018 1300 -60
APR. 1268 s1288 1200 -100
MAY 1% 3.0 180 -850
JUN. 1269 83098 1100 -5
.
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