n
o
A

PROBLEMS OF ACCELERATING AIRCRAFT PRODUCTION
18 February 1946,

CONTENTS

Page
Introduction--Captain Joseph M. Worthington, USN,

Director, Departmgnt of Research,

The Industrial Collgge of the Armed Forces . « « « ¢ o « ¢ o & 1
Guest speaker--Lieutenant George lent, Chief, Program Analysis

Branch, Loglstics Planning Division, Air Technical Service

Command, Army Air Forces, Wright Field . . . ¢« « ¢« v ¢« ¢ ¢ ¢« o« 1

General AigCuUBBION v o « o ¢ o + ¢ o ¢ o 08 s .

L] - [ ] - L] L] L] . L] L ] ll
Students

- Lisutenant Lent

Captain Worthington



N

FPROBLEMS OF ACCIELERATING AIRCRAFT PRODUCTION.
15 February 1946.

CAPTAIN VORTHINGTON:

Gentlemen, we have with us this morning First Lieutenant George
Lent, of the Army Air Corps, from Wright Fileld. Lieutenant Lent had
business experience with Arthur Anderson & Co., and with Scovell,
Wellington & Co., both of New York City. He taught at the Rensselaer
Polytechnic Institute, Troy, New York, and at the Unilversity of Vermont,
Burlington, Vermont. He was with the United States Treasury Department,
Division of Tax Research in 1942 and 1943; then served with the Var
Department, Ailr Technical Service Command, Wright Fleld, as statistician,
first as an enlisted man, and later as an officer. There he was in the
lManpower Office as chief of the IEngine and Components Unit, where he
reviewed labor requirements for the alrcraft industry and developed
measures of productivity in the prcduction of alrframes and aircrafi
engines; supervised the publication of reports on indexes of efficiency;
conducted in-plant studies of lebor utilizetion; and made studies of
labor aree supply. As chief of the Progrem Analysis Branch, Strategic
Plans Section, Logistics Planning Divieion, Plans (T-5), he developed
plans for demobilization of the alrcraft industry and developed postwar
plans of the Army Alr Forces.

Gentlemen, I present Lieutenant George Lent, who will sneak on
"The Acceleration of the Aircraft Program."

LITUTENANT LENT:

Captain Vorthington and gentlemen: As you are well avare, the air-
'craft precduction program was second to none in megnituvde during Vorld
‘War IX. Vhat I plan is to present first the high spots of the magnitude

of the expansion that took place as compared with a prewar base period
1939; second, to indlcate the general pattern of the expansion that took
place with respect to the acceleration of the prewar industry and the
conversion of the automotive industry to the production of aircraft
engines; third, to give sone idea of the time cycles involved in tooling
up for production, the construction of new plants, and so on; and,
finally, to summarize briefly the major problems encountered in such
tooling up and acceleration of the production of alrcraft engines. Time
permitting, I should like to present some aspects of the postwar program
of the Army Air Forces and the Navy.

I have selected the aeronautical engine as the basls for my diz-
cuaslon, since I am most familiar with 1t. It is perhaps less romantic
than the production of alrframes, which we immediately think of when
alrplane prcducticn is mentioned. However, it is no less essential.
The resources devoted to the prceduction of aeronautlical engines alone
amounted to ebout 25 percent of the total resources devoted to areo-
nautical production during World Var II. Whereas employment at the
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peak in the aircraft industry was about two million workers, labor in-
volved in the production of aeronautical engines was about halfl
rillion workers., :

So you can see the magnitude of the problem involved as compared
with the productlion of airframes, vhere the alrframe company mslies the
shell, so to speak, of the alrplane, installs the components and makes
the fingl assembly of the plane. The total employment in the aero-
nautical engine industry was about 40 percent of that in the airfrarme
industry alone.

Aeronautical engines, like other components, were procured directly
by the Ailr Technical Service Comrand. That is, they were not purchased
by the airplane companies, but by Army Air Forces (and Navy) which
scheduled the engines and awarded contracts to meet the requirements
Tor the aircraft production program, Consequently engine production
vad scheduled to meet the particular requirements of the many types of
planes éntering into the over=all aircraft production progranb and was
limited thexreby.

- The .Nucleus ~-1In 1939, the period from vhich the expansicn toolk
place, there were essentially only two large companies in the field--the
Uright Aeronautical Corporation and Pratt & Whitney Division of United
Alrcraft Corp. At this time Allison was just undertaking the develovpuent
of its V-1710 engine for fighter planes. But essentially the airplane
Industyry was dependent upcon Vright and Pratt & Vhitney.

Pratt & Whitney, located at Fast Hartford, Connecticut, at this time
had a total floor area of about 700,000 square feet. Tiright Aeronautilcel,
located in Paterson, liew Jersey, had a total floor area of some 900,000
sguare feet. Allison, in Indianapolls, had approximately 100,000 square
feet total floor area=--altogether an indicated capac;ty of about two
rillion square feet, in 1939.

Tmployment in the industry at this time was about ten and a half
thousand. Total production was about 5900 unlts for the year 1939, v1th
a total horsepower of approximately six and & half million,

Within the space of five years the aircraft engine industry had ex-
panded some forty-ome times with respect to the total nmumber of units
prodvced. Beczusge of the greatly increased complexity and horsepover
ver unit, expansion in terms of outyut as measured by horsepover vas
some 66 1/2 times or 5800 percent by 1944, the peak of production.

Imployment, taking into account the employment of the prime cone
tractors alone, had increased to some 300,000 from 10,000 in 1939, an
expansion of approxirately 2,000 percent or thirty times. With respect
to productive .capacity, the floor areas of yrirme contractors had ex-
panded from & wull“o:w_ square feet to 53 million square feet, an expansion
of roughly 25 1/3-701c.
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It is appropriate fo examine how this expansion took placé. How
do we account for this marvel of production which was achieved over the
brief span of five years, starting from the relatively small nucleus of

approximately two million square feet and ten and a half thousand
workers? :

The Pattern of Expansione-Obviously, the prewar industry itsell
expanded and assumed a large burden of aircraft engine production.
Fratt & Whitney alcne expanded its floor area from approximately
700,000 to roughly eight and a half milllion square feet over a pericd
of five years., A large part of this expansion was within the arez of
East Hartford and was largely financed in the early periocd by the
British and French contractis.

It 1s significant that we would not have had the nucleus that we
possessed in 1939 to provide the basis for future expansion if it vere
not for these foreign orders. In 1940, for example, eighty percent of
the total aircraft production was for export to ouxr allies, primerily
to Great Britain and France, ZFrance in particuler financed the early
expansion of Pratt & VWhitney and Wright, followed shortly theresafter by
the British contracts. By the time the United States entered World Var
II, however, these expansions were taken over and the responsibility
assumed, in large part at least, by the United States Government.

There were various expansion schemes, devised to decentrallze
production and top nev labor markets. Pratt & Whitney, for example,
built three so-called feeder plants within a radius of thirty mlles
from East Haxrtford. These "shadow" plants supplied many parts that
vere assembled into a complete engine in Hartford. In addition to
expanding its own capacity within the environs of East Hartford to
some four million square feet, FPratt & Whitney later constructed a
branch plant in KXensas City. TFinanced by the Navy this was one of the
largest plants in the country, of about four million square feet.

Now, in respect to the expansion of the prewar companies, there
was a very significant clash of policy, you might say, between the
Government and the aeronautical engine compenies., Pratt & Whitney,
very wisely, as it developed, adopted the pollcy of licensing alrcraft
production with the automotive. industry. As opposed to this, Vrisht
Aeronautical Compeny pursued the policy of establishing branch plants
and increasing subcontracting, so that Wright Aercnautical Company
managenent would be responsible for the final asgembly and the produce
tion of essentially all the engines developed by that company. '

How did this program develop? What direction did it take, and
vhat were the results? . :

By the middle of 194LO Pratt & Vhitney licensed Ford to produce
eight hundred engines a month. Shortly thereafter Buick was licensed
and started the .congtruction of an enormous new plant, followed by the
licensing of Nash Kelvinator and Chevrolet. In addition, several smeller
corpanies were licensed for alrcraft engines and components. As a
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result of thils policy, only thirty percent of the total output of Pratt
& Whitney engines were produced by that Company, over the total period
1940-194k, One percent of its production was accounted for by 1te branch
plant in Kansas City, vhich was started rather late; 29 percent was
accounted for by Pratt & thitney's own prcduction in East Hartiord;

and approximately 65 percent by Nash, Buick, Ford, Chevrolet, Conti-
nental and Jacobs--six licensees. DPratt & Whitney very reluctantly -
undertook the menagement of the Kansas City plant when no other come
pany could be induced to operate it. ’

In contrast, Wright Aeronautical Corporation very early in 1¢h0
vas opposed to licensing production of its own engines., The result vas
that it started off with a vast subcontracting program whereby
Studebaker, for example, was brought into the production of parts
going into the final assembly of VWright engines. However, under pres-
sure from the Army Air Forces, Studebaker was very shortly converted
to production of a complete engine under a prime contract. Continental
was also licensed to produce a trainer engine, used most extensively,
however, in tanks.

At the same time Uright undertock the expansion of its own plant
in Cincinnati, Ohlo, up till then the largest industrial plant in the
country, and exceeded only by that of Dodge later on. A year or so
later Vright constructed another branch plant in Wocdridge, New Jersey,
for the producticn of the R-3390 engine for the B-29 airplane,

Later on, as the B-29 precduction became paremount and received
highest priority in production in the country, Dodge (or the Chrysler
Corporation) was engaged to undertake the production of aeronautical
engines in Chicago, involving the construction of the largest plant in
the country, with a total area of about six million square feet,

As a result, Wright Aeronauticel Corporation had only two major
licensees as compared with gix of Pratt & Whitney. It operated tvo
vast branch plants in addition to its own home plant in Paterson, Few
Jersey, which produced about 75 percent of all Wright engines built
during the war,

Experimental development--Now, it would considerably underestimate
the contribution of the aeronautical engine industry, to our aero-
nautical yprogram 1f wie overlooked the vast developmental and experi-
mental work assumed by these prewar companiee, not only Pratt & ihitney,

Wright and Allison, but also Packard.

For example, as mony as three thousand workers of a total of
thirty-five thousand employed at East Hartford were involved in exe-
perimental and developmental work. At the outbrezk of the war in 1939
Pratt & VWhitney, had only one service-tested asronautical engine suite
able for combat, the R.1330. At that time it was involved in developing
a nevw and large engine, the R-2800., It had also been undertaking the
luprovements to earlier models which proved to be very important later
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on., Over the period of five years Pratt & Whitney developed several
nev engine types including e the R-28 0, which went through several
developments itself, the A, B and C engines, 'bhe last of: vhich was
radicelly different from the first engine, R

After the war started Pratt & Vhitney d.eveloped ‘che R-2000 which
vas designed for the C-5t, as you probably know, And finally, it
produced the R-U360 engine, of 3000 horsepower (since stepped up to
3600). Vhile this engine never saw combat, a considerable amount of
Pratt & Whitney's resources vere devoted to its development, the largest
radiel engine in the world, and which is only now going into quantity
production. A

‘The experience of iright was similar. Perhaps 1té zhajor contribue~
tion was the R-3350, the largest engine used irn ccmbat which powered
the B-29 super fortress. .

I am passing over the development of jet engines which never saw
combat. The responsibllity for the initial development of these engines
in the United States was undertaken by General Electric., I am cone
cerning myself onlJ with the alrcraft engines that actwally saw combat.

Requirements foxr the Allison engine dild not necessitate more than
Allison's own production effort in its expanded plant in Indlanapolis.,
There were no licensees, no branch plants, However, General Motors
companies, heavily involved in the production of parts which Cadillac
iz one exemple, were assembled by Allison.

In 1940, as I have indicated, the Allison V-1710 was the only ine
line licuid-cooled engine in this country, and the Army.and the Navy
were swltching over to the use of the radial engine for pursult ships.
On- the other hand, the British were strongly in favor of the in-line
engine, Of several types the Rolls Royce englne was most universally
used by the British, being installed on the Mosquito and Lancaster
bombers.,

'In order to meet theilr rapidly accelerating requirements, in 1940
the Packard Motor Car Company entered into a contract with Great Britain
for the yproduction of the Rolls Royce engine., VWhen we entered orld Var
II this expansion was underwritten by the American Government jointly
with the British Government. .

You might say that Packard was a licensee of a British licensor
company for the production of its in-line engine, giving us two ineline
engines which we could depend on for our pursvit planes. However, I
would rether call Packard a licensor, because of its development in
perfecting the Rolls Royce IEngine and bringing it up to ite high stage
of efficlepncy. Before the end of the war this engine was essentially
an America.n product

So, to sumnarize, we had four licensor companies, three of yhich
vere prewar-~Pratt & Whltney, Iright and Allison--and Packard, which we
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mey also consider a licensor; approximately eight or nine licensees,
most of whom were Pratt & ”hitney licensees and only two of vhich were
licensed by Vright,.

It is rather interesting to note that, as a result largely of
Pratt & Vhitney's licensing system, not by reason necessarily of any
inherent superiority of the englne itself, the total prcduction of -
Pratt & Whitney englines over this period of four years was approxi-
rately 50 percent greater than the production‘of the. Wright engines.
It is known that the Pratt & Whiltney engine was substituted in at. least
one plane vhere the production facilities for the Wright engine, for
which that plane vas designed, were not availeble and could not be made
available in time. That was Pratt & Whitney's R-28C0 used on the Curtilss
Uright transport plene, the C~46 Commando.

Subcontracting--Now, I do not want to ignore the contribution made
to this aircraft production program by the subcontracting system that
was evolved. Roughly 30 percent of the total aeronautical engine output
is attributable to subcontractors, This 1is exclusive of the production
of aircraft engine accessories, such as superchargers, magnetos, ignition
narnesses, fuel pumps, and various other accessories that are essential
to an aeronautical engine. I do not consider them part of the zero-
nautical engine production process, but something accessory to it. 4ll
these items were produced outslde of the aeronautlical engine industry
itself, General Electric and Allils Chalmers, for example, made a very
high percenbage of the superchargers used.

Virtually every firm in the program, perticularly the prewvar
licensor compenies, was heavily involved with subcontractors. Companies
like Buick, Chevrolet and Dodge were considerably more integrated, hove
ever, than the prewvar aeronautical specialized engine companies., there-
as the subcontracting, for example, of FPratt & Whitney was roughly 50
percent, the subcontracting of a company like Ford and Chevrolet wvas
only 15 to 20 percent, :

An excellent example oi the subcontracting program is provided
by. the Wright Aeronautical Corporation. As I indicated before, its
early policy of expansion was based largely on subcontracting. The
Lockland branch plant had a contract for the production of the R-2600
engine, widely used by both the Army and the Navy. However, the Lock-
land plant produced approximetely only 40 percent of the complete engine.
It had magnesium and aluminum foundries to produce the castings necesw
sary. - In addition, the Locklend plant machined the cylinder barrel and
cylinder head. It rede most but not all of the gears.  And, of courss,
it did the final asscmbling and testing of engines, inyolving approxi-
mately 20 percent of the total men-hours involved in the production of
an aeronautical engine.

Supplementing the Urisht Aeronautical mroduction at Lockland were
the Chio Cranitshaft Company, which made the crvﬁkshafts, the Otis Ilevae
tor Company, responsible Tor all the cranicases; Hudson Motor Car Ccmpeny
- which manufactured viatons and rocker ayms for rhf-\ srpines; the Buon
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Yanufacturing Company, which made propeller shafts; and the GrahamePaige
Auvtomoblle Company, waich was responsible for manufacturing most of the
articulating rods for the engines. These five vendors were an integral
part of Wright Aeronautical's engine program, Other items were procured
as essential governmentefurnished equipment by the Air Technical Service
Command and shipped directly to the aeronautical engine companies for
installetion.

“There 1s no clear pattern, however, so far as subcontracting is
concerned. Vhereas the lright Aero Company made its castings, had its
own aluminum and megnesium foundry, Pratt & WVhitney Company, on the
contrary, made none of 1ts castings and had no foundries whatsocever,
Neither company made its owvn forgings, So there was really no definite
policy as to what processes were undertaken by the licensor plants and
which were not.

Constructlon and Tooling Fhasese-Passing ¢n, I should like to give
some idea of the problems involved in expanding, construoting and tooling
up a nevw plant, such as a licensee plant for the preduction of such a
highly complex item a8 an aeronauticael engine.

Approximately three guarters of the total capacity of the prime
contractors involved in the aercnauticel engine program was contributed
by new expansion and not by ccnversion of the exlisting facllitles of
these companies, Despite the slze of the Ford emplre, the Chevrolet or
Buick plants every cne of these compenies was forced to expand quite
considerably.

Before going into the production of aercnautical engines Bulck
constructed a new plant in Chilcaso of some two and a half million square
feet; Chevrolet added approximately one million square feet to its own
plant; Studebaker approximately two million square feet; and the Dodge
plant in Chicago, the largest expansion of all, was approximetely six
million square feet. FPractically none of Chryslers own plant was used
to meke aercnautical engines, the R-3350, By the time the Chrysler
Company entered the program, its plant was pretty absorbed with ordnance
proeduction as well as other alrcraft items and as a result an entirely
new factory had to be bullt.

Based upon an analysis of twelve or thirtsen expansions, involving
an increase of floor area from one million to six million square feet
each, our wvartime experience shows that an average of fifteen months is
necessary for the construction of new plante and their tooling up for
production of an aercnauticel engine., There is conslderable variation
in the experience of these different companies; but roughly it is safe
to say that the gestation pericd of the tooling-up pericd for the pro=
duction of an seronautical. engine took well over one year.

Dividing it into the major phases of this expansion, from the time
of project approval to the actual ground breaking for the construction
of a new plant, three full months time was teken up in preliminary
negotiation. Time was involved in selecting end acquiring a plant site,
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in selecting architects, designing the plant, and in granting contracts
for construction. Three vhole months were involved before the ground
wag actually broken, on the average, in these expansion programs,

Approximately two months additional were involved up to the time
of the erection of the flrst steel; and before the first machine tool
could be installed in that plant approximately eight months had elapsed.
Again, these are all average Tigures. There was considereble variation
in the experience of the different companies.

After the installation of the machine tools the plant was not yet
ready to begin production., Since tools must be installed, the plant
laid out, and machine tools set up by skilled mechanics for the initisl
production of parts of engines, an additional one and a half months are
involved after the installation of the machine tools before production
vas actually started. By "prcduction' I mean when the first direct man-
hours were applied and tne first chips began to fly.

From the time of the s»art of production approximately five months
vere required for the rmachining of parts, their assembly, testing,
teardovn and final assembly of the first engine produced.

General Knudsen used to remark: 'Whether in peace or war it still
takes nine months to produce a baby." It takes well over a year 0 pro=
duce an aeronautical engine involving the construction of a new plant,
However, it should be noted that, once the plant was esteblished and
ready to go, a licensee, or a licensor company for that matter, could
greatly expedlite the tooling up phase of a new engine once they had that
experience.

To give a very pointed example of that, the Chevrolet Motor Car
Company, one of the most efficient producers in the automoblile industry,
took approximately twelve months for the tooling up and production phase
of its first engine, the R-1330. However when it undertcok production
of the R-2800 in 1Stk Chevrolet had gained enough experience to tool
up and produce the first engine in six and a helf months, setting a
record for all companies, licensee or licensor, in the production of an
seronavtical engine, .

This period of Tifteen months involved only the production of the
first engine. An additional sixteen or seventeen months were involved
in accelerating production to capacity and dbullding up the "fleat" or
work in process essentiel to achieve that level of precduction.

Thet seems like a long time too, However, in that respect delays
are not attributable so much to the aeronautical engine companies
themselves as they are to Govermment, or the Arry Air Forces in
particular. Durlng this perlcd the Armed Forces were expanding
their requirements and constantly ralsing the sights of the aircraft
program, Conseguently, the yrime contractors were continually forced
to revise their goals and, delays were involved in succeesive recr-
ganizations of precduction involving new expansions,
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- “Tooling -- Now, I would like to pass over to the problems.involved

- 4n tooling. It is obvious, of course, that the tooling program was par-
gllel with the program for construction of the plant itself. The two
could proceed hend in hand. While the plant wae being constructed by the
contractor, the automobile company or the licensor could proceed with its
own ‘tooling.. : It was necessary to design and fabricate tools from blue-

prints, have special machine tools constructed, lay out the plant for line

production, install the machine tools, and set them up with proper tooling

before the company could proceed with aircraft engine production.

- Very frequently, although not always, the actual fabrication of the
tooling, jigs, dies and fixtures was farmed out by the prime contractor,
with epecialized tooling compeanies. Most of Studebaker's tools, for ex-
ample, were fabricated by outside vendors; and practically all of Dodge's
tooling was désigned and febricated by others. : :

Ma jor Factors of delay.-- Now, just the high spots of the problems -
1nyolved, running down the list. I see the time is short.

One' of the crucial problems involved in the expansion or construc~
tion of licensee companies wes the process of transferring engineering in-
formation 1tself. This entailed blueprints and process cerds by which
the licensee company wes enabled to proceed with the design of tools, the
ordering of machine tools, and the purchase of materials end supplies.

Transfer of englneering information between englne compenies however,
vas mot nearly so serious a problem as the transfer of engineering infor-
metion in the airframe industry. The asronauticel engine compenies, 1t
should be noted, had some prior experience in this transfer of information
in the sale of:its designs to forelgn countries--not only our allies, dut
. our enemies as Well. They had thus been able to perfect a comprehensible
blueprint conteining the neceasary specifications, dlmensions, processes
end 8o on involved in the construction of the engine 80 that the trans-
fer of this engineering information did not present too much of a problem.

However, the engineering drawings were insdequate for the Jjob shop
methods of the automobile industry., In other words, while the drawings
" could be read, they were not adaptable to the particular type of line
production or high-quentity mess productlon to which the automobile come
panies were accustomed., So the automobile companies, such as the
Chevrolet Company and others, had to practically rewrite the drawings,
with the result that, for example, only two percent of the Pratt & Whitney
drawings were used by Buick. Not that the drawings were illegible or
could not be read, but they jJust were not adaptable to the shop practices
of the sutomobile companies. So considerasdle tlme was consumed in re~-
drawing, and it is known thet such redrewing d1d delay production to some
extent.

The Packard Motor Car Compeny experienced the most trouble in this
respect, since 1t was faced with the problem of reading foreign drawings.
Even though they were British drawings, they were entirely forelgn to
American patterms. The drawings vere not only illegi®le, not only 4id
not conform to American shop practices, but they were aimply incomplote
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and inadequate. Packard had to completely redraw the designs, convert

them from the metric to the Americen scals, end adapt the parts to American
production techniques. So it was virtually a new and redesigned engine

by the time Packard was through with it. .

' Secondly, there were problems involved in facilities, plants and

- machine tools. However serious it may have been at the time, it is dif-
ficult to attridbute any significant delay in the program tc feilure to

receive machine tools. :

The most serious problem with machine tools was in the procurement
of apecial machine tools which had to be built to specifications., How-
ever, companies were able to improvise and to substitute general-purpose
machine tools pénding receipt of the specizl machine tools. But a con-
siderable amount of expediting had to be done. . Thanks to high priorities
given the Army Ailr Corps procurement of machine tools and construction of
plant did not significantly delay production.

Materials were not a serious problem after 1943. By 1943, with the
introduction of the Controlled Materials Plen, the materiaels distribution
allocation program was pretty well worked out; so that very few difficul-
ties were presented. There were difficulties however, in the securing of
cestings and special naterials among other things, but. nothing very
cr*tical.

Finally, menpover 4id not become a problem until the latter part of
" 1943. However, it was not 80 mich & problem of acquiring the necessary
warm bodies, you might say, as it was a matter of engineers, and other
necessary skills such as die sinkers, machine setup, men, foremen and
specialists, that are necessary for this highly technical work. The ma-
chines themselves were so designed that they wers practically push-button
affairs, and untrained, unskilled workers could use them, with the result
that as high as 50 percent of the labor employed in the plants was un-
skilled femele workers, The need was for a nucleus of skilled mechanics
to set up the machines, die sinkers, pattern makers, and so onm.

Finally, the over-all management limitations, you might say, generally
set & ceiling or limlit on ailrcraft production. That was brought forcibly
"to our attention in one situation after another. The wisdom of the Pratt
& Vhitney policy with respect to licensing companies was exemplified in
thig respect: that 1t exploited a highly developed orgenizaticn of mane-
gerial skills in companies like General Motors, Ford, Dodge and Studebaker
and others and to apply those skills to & product of which menufacture was
essentially similer in kind, if not in degree.

The specialized companies themselves did not do so badly. Although
Wright Aeronautical, as you kuow, bogged down quite consideradbly at one
period, 1t was able to pull itself out after a shift of management. But
there is no question that the alrcraft program was limited by the avail-
abllity of menagement, Had we had more highly skilled men of the required
- broad scope and ability, the aircraft program might have exceeded even
its most miraculous accomplishments,
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Obviously, I have already run over the time and I will have to cut
this short, bul there may be =z few minutes left for questions, 1f you
would like to raise any.

A STUDENT:

I understood you to say that you were able to simultaneously do
plant construction and tooling. Then again I understood you to say that
in the mechine tools In some cases you had to use general-purpose tools
where you had expected special-purpose tools. Did you throw that tool
away?

LIEUTENANT LENT:

These special-purpose tools were constructed by the machine tool
companies and fabricated by the machine tool ccmpanies rather than by the
licensee or the aircraft engine company itself. Companles such as Bulck
and Ford were able to fabricate their own tooling which replaced that
special tooling and to epply it to its own genersl purpose, nonspecial
machine tool use. When no longer needed, of course, this tooling was
abandoned, ' :

A STUDENT:

Maybe it was because of too high priorities, but we found that we
could not depend on getting thess special type machine tools at the same
time that the plant was being built.

LIZUTENANT LENT:

In other words, it wae not possible to acquire machine tools parallel
with the construction of the plant itself?

A STUDENT:
No, sir. Not to install in the plant.
LIEUTENANT LENT:

I should say generally that the Alr Forces were able to accomplish
that, but not without considerable lmprovisstion and substitution of one
machine tool for another. But 1t was difficult to attrlbute any delay
except in one or twc isolated cases to fallure to receive machine tools.
Dodge apologized, you night sey, for the long time required to get into
production by claiming that it did not receive the machine tools believed
necessary to go ahsad and produce--in spite of the fact that the Army Alr
Forces called attention to the possibility of improvising and using other
machine tools on hand to £ill the gep vwhile waiting for those thought
necessary. Of course, it tcok tims to get the speclaels, but this did not
delay production necessarily.
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A STUDENT:

I have one other question. You also made the statement, at least I
understood you to say, that you had difficulty in getting compenies to
transfer engineering information.

LIEUTENANT LENT:

Yes.

A STUDENT:

Did you at any time during the war period attempt to use industrial
integrating companies? If you did not, d¢id you have access to specific
machine tcol groups in one plant where another plant was running short?
LIZUTENANT LENT:

Not to any extent, to my knowledge.

With respect to transferring engineering informetion, in the B-17
program we had the so-called BVD committee, which was a more or less cone
trol committee for the exchange of information., It acted as a focal
point for the Interchange of that information. It was composed of a
representative of Boeing, Dougles and Vega (or Lockheed). That was used
a8 a medium for transferring engineering information.

Now, in the aeronautical engine industry Wright set up a teletype
system for the transmission of engineering information., In the case of
the Pratt & Whitney licensees, Chevrolet, for example, sent a teem of men
to Pratt & Whitney, who remained there for practically the duration of the

var and simply acted as Intermediaries or liailson for the transfer of such
engineering information.

A STUDENT:
What did you call those committess?
LIEUTENANT LENT:
BVD,
A STUDENT:
What does "BVD" gtand for?
LIEUTENANT LENT:
Boeing, Vega, end Douglaes., That was also used in the case of the

B-29 program. All those companies involved, such as Chrysler, Bell,
Boeing, Martin, Filsher Body, etc. were assoclated in a committee.
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A STUDENT:

Captain Worthington, it appears to me that a part of this outline
has not been covered. It contains a lot of interesting information for
us. Is there any chance that we may have Lieutenant Lent say something
about that?

CAPTAIN WCRTHINGTON:
Could you go shead with it?
A STUDENT:

Not that I look forward-to a prolongation of the hour, dbut I do think
there 1s some important informatlon there that we would like to hear.

LIEUTENANT LENT:
Shall I proceed?

CAPTAIN WORTHINGTON:
Yes.

LIEUTENANT LENT:

The point 18 that the Army Alr Forces for that matter findes 1tself
in the same position thet it found itself in beforse, when England, France
and other countries came to our rescue and were largely responsible for
building up the indusiry to at least a reasonable size nucleus from which
we could expand more rapidly.

Now, the Army Alr Forces' aircraft progrem will be approximstely what
is indicated in this table. I do not know whetner you all have coples of
the table or not--"The estimated postwar level of the industry.” I should
not limit myself 10 the Army Air Forces, because it contalns the program
of the Navy as well as estimates for commerciel aircraft production. Here
it 1s sstimated that 1f the Air Forces, Bureau of asronautics and. commer-
cial production .continue as we project them, the estimated postwar level of
the aircraft engine industry will be approximatsly as represented or es-
timated on this sheet of paper. In other words, the number of units, so
far as the level of production is concerned, will be approximately as high
as it was in 1939, In 1939 the production, you may recall, may be at-
tributed 75 or 80 percent to foreign export orders.

4
I have ignored the export orders in my estimate of the postwar pro-
duction. The output is measursd by horsepower. Obviously the aseronauti-
cal, horsepower was accelerated very rapidly in every unit. It was raised
gsome eight times the level that it was in 1939 to 'an output of 49 mil- -
lion horsepower a year,

Now, that is attributable not only to improvements in the conventional
engine, the largest horsepower which we have ncw belng 3500 horsepowser, but
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also to the Jjet gas turbine englne, although it is difficult to translate
them into terms of horsepower. Assuming that one pound of thrust equals
one horsepower at 275 miles per hour, we now have an engine with a horse~
power of approximately 5 thousand horsepower per unit. Engines are now
being made by General Electric and General Motors with ratings in the
neighborhood of 4 or 5 thousand compared with 1200 horsepower for the
engine that went into the B-1l7. So the horsepower output is being
steppred up quite appreciably. .

With respect to the nucleus of know-how or management which will

provide that base for expansion, if another emergency arises--and by

emergency I mean var, of course--we could expect to have a base of &ome
36,000 workers in the aeronautical engine industry, exclusive of subcon-
tractors. It should not be overlooked thet, slthough Wright and Allison, -
General Electric and Pratt & Whitney anticipate some subcontracting, the
same 88 they have in the past, these figures are limited to prime con-
tracting. With General Electric, Westinghouse, Allison, Wright and Pratt
& Whitney and others we can expect to have some 36,000 employees or three
times the level of 1939, :

Although 1t is difficult to estimate floor area, these figures are
based on requirements assuming one shift operation of 250 square feet per
worker. I think that the floor area or plant capacity, that is, the plant
area or estimated plant productlon, would be expected to be in the neigh-
borhood of ten million as compared with two million prewar.

Obviously, if such an Air Force program develops, and the KRaval air-
craft program and the commercial expansion assume the level of what is
now shaping up, we shall obviously be immeasurably better prepared for
some future emergency if these egtimates are anywhere near correct, as I
think they are. They vwere based upon consultations with the companies
themselves, . . » ' o

Now, the great bugaboo of industriel planning is the rapid obsoles-
cence of aircraft. This (indicating) shows the trend of the Air Forces
so far as production is concernsd. That is what makes it so difficult
_ and almost impossible to undertake any future plenning at all, because
there are such rapid technological changes taking place within the in-
Gustry. We can never really know Just how things are shaping up five or
ten years from now, and certainly ve would like to plan that far ahead.

We have developed Jet engines. Nobody can be sure whether they will
be universally used in five, ten or fifteen yeers .for commercial trans-
portation. Lockheed says fifteen years, scmedbody else says ten, and
others say five. It.depends largely upon hovw faest the funds flow into
research and development; whether that research and experimentation is
telescoped into a period of two years or whether it 1s spread out over a
longer period of time.

However, it is rather certain that the conventional engine, as ve
know it, is rapidly becoming obeolete. It is extremely likely that with-
~ in two or three years fighter plenes will be powered excluslvely:dy Jet

engines., .
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With respect to the gas turbine engine, the progress 1s Just as
rapid, of course. The gas turbine is nothing more than the application
of a propeller %o & Jet engine, It is very likely that the gas turbine
propeller driven engine will replace the conventional engine in commercial
trangportation within ten years--for long-distance flights. That is slmost
certain if the present trend continues since 1t is the most economical at
those ranges and the most economical at the altitudes that we propose to
fly--45,000 feet. It is or will be just as economical so far as fuel
consumption 1s concerned.

Despite the repid progress in new technological developments in this
field, and despite anAir Forces mllitary personnel of 400,000, it is still
necessary to go a step further with respect to preparing ourselves for
mobilization of, say, the automobile and refrigerator industries in the
event of another emsrgency. Not only must we have an adequate aesronauti-
cal engine industry, but we mnet be prepared to moblilize American industry
as well. And we must have up-to-date at all times, complete, accurate
and legible, standardized englneering drawings which will enable most any
compeny to take those drawings and to design tools and fabricate tools at
its plant and go into substential production at very short notice.

These mobilization plans involve not only blueprints, of courss, dbut
they involve tool design, having up-to-date tools designed for guentity
production, and, not necesasarily although desirable, by peacetime tooling
designed and febricated on a quantity basis. Obviously we are not going
to have the same kind of tocling for e rated production of 30 a month that
we would have for 300 a month. If the companies produce only two or thres
different englines in the postwar perlod at a rated production of 300 a
month or something of that order, they would have developed tooling and
the tools necessary for duplication of that tooling which will facilitate
expansion of output in the quantitiles required.

In addition to that, we need bills of materials to enable us to es-
timate our material requirements and the capacity essential in the raw
materials industry. Also the lebor required, the machine tools, the floor
area and so on, It is purposed to develop these plans, keep them up-to-
date and on the shelf, ready to be put into effect very rapidly as the
sign of emergency. '

In eddition to these production plans the Army Alr Forces and the Navy
have a program of stand-by plants for the production of aercnautical en-
gines. They are novw proposing to acquire some of these plants, which will
enable the Govermment to commandeer or to requisition them from whatever
privete company is operating them within a period of thirty to sixty days
for the production of airecraft.

In addition to that it is proposed by the Army and the Navy and ap-
proved by the War Department, and, I believe, the Navy Department, to re-
tain in stand-by, some 65,000 gereral-purpose machine tools, which will
enable us to relleve the lcad at least on the machine tool industry in ths
event of rapid tooling up and expansion if the war clouds come again.
However, I believe there is a program which will take up a more thorough
discussion of these mobilization plane at a future date, so I will close.,
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CAPTAIN WORTHINGTON :

I wish to thank you, Lieutenent Lent for & most interesting and.
instructive presentation, : ,

(6 June. 1946--200.)5
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