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PROBLE~B OF ACCW[/[RATI~D AIRCRAFT PRODUCTION. 
18 February 19~6. 

CAPTAIN I [ORTHIN~TON: 

Gentlemen, we have with us this morning First Lieutenant George 
Lent, of the Army Air Corps, from ~[ri~.oht Field. Lieutenant Lent had 
business experience ~zith Arthur Anderson & Co., and ~¢ith Scovell, 
Wellington & Co., both of Near York City. He taught at the Rensselaer 
Polytechnic Institute, Troy, New York, and at the University of Vermont, 
Burlington, Vermont. He was with the United States Treasury Department, 
Division of Tax Research In 19~2 and 4 • 19 3, then served ~:;ith the ~.~ar 
Department, Alr Tedhnical Service Co~nd, !.Tri{;ht Field, as statistician, 
first as an enllsted men, and later as an officer. There he ~as in the 
l,hnpower Office as chief of the Engine and Components Unit, ~zhere he 
revle~;ed labor requirements for the aircraft industry and developed 
measures of productivity in t~e production of airframes and aircraft 
engines; supervised the pu.blicatlon of reports on indexes of efficiency; 
conducted in-plant studies of labor utilization; and made studies of 
labor area supply. As chief of the Program Ar~'lysis Branch~ Strategic 
Plans Section, Logistics Planning Division, Pl~m~ (T-9), he developed 
plans for demobilization of the aircraft industry and developed postwar 
plans of the Army Alr Forces. 

Gentlemen, I present Lieutenant George Lent, ~ho will speak •on 
'~he Acceleration of the Aircraft Program." 

L~V~E~@~ LE~: 

Captain Worthington an& gentlemen: ~ As you are well a~zare, the alr- 
craft prcductlon _~rogram was secon~ to home in magnitude during Uorld 
!Tar II. 1~at I plan is to present first the high spots of the magnitude 
of the expansion that took place as compared with a pre~ar base period 
1939; second, to indicate the general pattern of the e'~pansion that took 
place with respect to the acceleration of the pre~mr industry and the 
conversion of the automotive ~ industry to the preduction of aircraft 
engines; third, to give some idea of the time (-ycles involved in tooling 
up for production, the construction of new pl~ts, and so on; and, 
finally, to summarize briefly the major proble:~ encountered in such 
tooling up and acceleration of the pro&uctlon of aircraft engines. Time 
permitting, I should like to present some aspe<-ts of the posturer program 
of the Al~y Air Forces and the Na~z. 

I have selecte6_ the aeronautical engine as the basis for my &ia- 
cussion , since I am most fs_miliar ~zith it. It is perhaps less romantic 
than the production of airframes, which ~Te inanediately think of ~zhen 
airplane production is mentioned. Ho:zever, it is no less essential. 
The resources devoted to the production of aeronautical engines alone 
amounted to about 29 percent of the total resources devoted to areo- 
nautical production &uri1%3 1¢orld 1~ar II. !,[her,~%s employment at the 
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peek in the aircraft industry~s about two million workers, lgoor in- 
volved in the production of aeronauticalengines was about half a 
million workers. 

So you can see the ~mgnitude of the problem involved as com~red 
with the production of airframes, ~ere the airframe company~][es the 
shell, so to speak, Of the airplane, ~ustalls the components and ~mkes 
the final assembly of the plane. The total employment in the aero- 
nautical engine industry was about 40 percent of that in the airframe 
industry alone. 

Aeronautical engines, l~e other components, were procured directly 
by the Air Technical Service Com~nd. That is, they were not purchased 
by the airplane companies, but by ArmyAir Forces (and Navy) which 
scheduled the engines and awarded contracts to meet the requirements 
for the aircraft production program. Consequently engine production 
was scheduled to meet the partic~lar requirements of the many types of 
planes @ntering into the over,all alrcraft production program, and ~ras 
Timited thereby. 

The Nucleu s -- In 1939, the ~eriod from ~ich the expansion took 
place, there were essentially only two!arge companies in the field--the 
Uright Aeronautical Corporation and Pratt & ~itney Division of United 
Aircraft Corp. At this time f~llison was just undertaklngthe development 
of its V-1710 engine for fighter planes. But essentially the airplane 
industry was dependent upon ~right and Pratt & h~itney. 

Pratt & }Jhitney, located at East Hartford, Connecticut, at this time 
had a total floor area of about 700,000 square feet. ~iright Aeronautical, 
located in Paterson, Hew Jersey, had a total floor area of some 900,000 
square feet. Allison , in Indianapolis, had approximately lO0,O00 square 
feet total floor area--altogether an indicated capacity of about ~o 
million square feet, in 1939. 

Em~lo~nent in the industry at this time was about ten and a half 
thousand. Total production was about 5900 units for the year 1939, ~.~ith 
a total horsepo~er of approximately six and a half million. 

~ithin the space of five years the aircraft engine industry had ex- 
panded some fort~Qne times with respect to the total ntu~_ber of units 
prc~.uced. Becauso of the greatly increased complexity and horsep~zer 
per unit, e~slon in terms of output as measured by horsep~er~s 
some 66 1/2 times or 6600 percent by 1944, the pe~K of production. 

Employment, t~inc into accot~_t the e~wloyment of the prime con- 
tractors alone, had increased to some 300,000 from lO,000 in 1939, an 
e.xpansionof approximately 3,000 percent or thirty times. With respect 
to productlvecapacity, the floor areas of prime contractors had ex- 
panded from 2 ~ll!on square feet to 53 million square feet, an expansion 
of roug~hly 26 1/3,fold. 
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It is appropriate to examine how this exp~sion took place. How 
do we account for this marvel of production ~hlch was achieve~ over the 
brief span of five years, starting from the relatively small nucleus of 
approximately two million square feet an& ten ~md a half thousand 
~orkers ? . - 

The Pattern of F~..x~Bg.ion_--0bviously , the ]?re~.mr industry itself 
expanded ar~ assumed ~ large burden of aircraf~ engine production. 
Pratt & ~fnitney alone e~anded its floor area from approximately 
700,000 to roughly eicht and a half million s~arefeet over a period 
of five years. A large part of this expansion was within the area of 
East Hartford andros largely flnancel in the early perlodby the 
British andFrench contracts. 

It is significant that we would not have had the nucleus that we 
possessed in 1939 to provide the basis for future expansion if it ~.rere 
not for these forei~,~u orders. In 19~0, for example, eighty percent of 
the total aircraft production was for export to our allies, primarily 
to Great Britain and France. France in particalar financed the early 
expansion of Pratt & l~itney and Wright, followed shortly thereafter by 
the British contracts. By the time the United States entered l~orldUar 
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 decentralize 
production and top ne~r labor markets. Pratt & Whitney, forexample, 
built three so-called feeder ~lants within a radius of thlrtymiles 
from East Hartford. These "shado~r" plantssupplied many parts that 
were assembled into a c om~lete engine in Hartford. In addition to 
e~anding its o~.m capacity ~ithln the environs of East Hartford to 
some four million square feet, Pratt & l~itney later constructed a 
branch plant in I[ansas City. Financed by the Navy this .t~as one of the 
largest plants in the cou_utry, of about four I~llion square feet. 

Now, in respect to the expansion of the prewar companies, there 
~as a very significant clash~policy, you might say, between the 
Government and the aeronautical engine companies. Pratt &~hitney, 
very wisely, as it develope~, adopted the policy of licensing aircraft 
pro~uctlon ~th the automotivelndustry. As opposed to this,~i~ht 
Aeronautical Coml~r pursued the policy of establishing branch plants 
and increasing subcontracting, so that Wri~t Aeronautical Compa.uy 
management would be rezponslble for the final assembly and the produc T 
tlon of essentially all the engines developed by that company. 

Ho~ did this program develop? ~ . , T h a t  direction did it take, and 
~rhat were the results? 

By the middle of 1940I~att & ~itney licensed Ford to produce 
eight hundred engines a month. Shortly thereafter Buick was licensed 
and started the.constructlon of an enormous near plant, followed by the 
licensing of Nash Kelvinator and Chevrolet. In addition, several smaller 
corap~nies ~ere licensed for alrcraft engines and components. As a 
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result of this policy, only thirty percent of the total output of Pratt 
& ~,~itney engines were PrOduced by that Company, over the total period 
1940-19~. One percent of its production ~as accounted for by its branch 
plant in Kansas City~ ~ichwas started rather late; 29 percent ~s 
accounted for by Pratt & l~itney's own production inEast Hartford; 
and approximately 65 percent by Nash, Buick, Ford, Chevrolet, Conti- 
nental and Jac~0s--six licensees. Pratt & ~hitney very reluctantly .... 
undertook the management of the Kansas City plant when no other com- 
pany could be induced to operate it. 

In contrast, Wright Aeronautical Corporation very early in i~0 
~ras opposed to licensing production of its own engines. The result was 
that it started off ~zith a vast subcontracting program whereby 
Studebaker, for e:~mple, ~as brought into the production of parts 
going into the final assembly of ~i~ht engines. However, under pres- 
sure from the Arm~Air Forces, Studebaker~s very shortly converted 
to production of a cor~plete engine under a prime contract. Continental 
was also licensed to produce a trainer engine, used most extensively, 
however, in tar~s. 

At the same time ~ight undertook the expansion of its o}~ple~t 
in Cincinnati, Ohio, up till then the largest industrial plant in the 
country, and exceeded only by that of Dodge later on. A year or so 
later }~ight constructed another branch plant in Woodridge, New Jersey, 

0 for the production of the R-035 engine for the B-29 airplane. 

Later on, as the B-29 production became paramount and received 
highest priority in prcduction in the country, Dodge (or the Chrysler 
Corporation) ~.ras engaged to undertake the production of aeronautical 
engines in Chicago, involving the construction of the largest pls~t in 
the country, ~rith a total area of about six million square feet. 

As a result, UrizJ~t Aeronautical Corporation had only two major 
licensees as compared with six of Pratt & ~.~hitney. It operated two 
vast branch plants in addition to its own home plant in Paterson, ~Tmr 
Jersey, which produced about 75 percent of all ~frlght engines built 
during the war. 

Ez~erimental development--Now, it would considerably u~udere~iEate 
the contribution of the aeronautical engine industry, to our aero- 
nautical program if ~e overlooked the vast developmental and ez~peri- 
mental ~ork assumed by these prewar companies, not only Pratt & Lqlitney, 
Uright and Allison, but also Packard. 

For example# as ~nny as t h ree  thousand workers of a total of 
thirty-f lye thousand e~uployed at East Hartford were involved in ex- 
perimental and developmental work. At the outbreak of the w~r in 1939 
Pratt & ;~itney, had only one service-tested aeronautical engine suit- 
able for combat, the ~-1030. At that time it ~as involved in developing 
a new and large e!~;ine, the R-2800. It had also been ur~ertaking the 
improvements to earlier models ~.fnlch proved to be very important l~ter 
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on. Over the period of five years Pratt & ~.~itney develope& several 
ne~; engine types including-- the R-28 0, ~hich vent through several 
developments itself, the A, B and C engines, the last of! which was 
radically different from the first encine. 

After the war started Pratt & ~-~hitney developed the R-2000 ~:zhich 
~.~as designed for the C-~4, as you probably knoll. An~ finally~ it 
produced the R-4~60 engine, of 3000 horsepower (slnce stepped Up t o 
3600). ~.~ile ~ this engine never saw combat, a considerable amount Of 
Pratt &:Whltney's resources were devoted 'to its development, the largest 
radial engine in the ~.zorld, and which is only m.ow going into quantity 
productlon. 

The experience Of Uright was similar. Perhaps its major contribu- 
tion was the R-B350, the largest engine used iz~ combat ~hlch powered 
the B-29 super fortress. 

.... I am passing over the development of Jet engines which never saw 
combat. The responsibility for the initial development of these engines 
in the United States ~.ras un(!erto~en by General ~lectric. I am con- 
cernlng m~self only ~,dth the aircraft engines that actually sa~.T combat. 

" Requirements for the Allison enCine did not necessitate more than 
Allison,s ~ production effort in its expanded plant in Indianapolis. 
There were no licensees, no branch plants. Ho~ever, General Mators 
companies, heavily involved in the ~roductlon of parts which Cadillac 
is one exomple, were a'ssembled by Allison. 

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

In order ~to meet their rapidly accelerating requirements, in 1940 
the Packard Motor Car Company entered into a contract with Great Britain 
for. ~e production of the Rolls Royce engine. ~,~en we entered ~/orld ~ar 
II this expansion was unde~Itten by the American Government Jointly 
~ith the British Government. 

You might say that Packard ~a s a licensee of a British licensor 
compauy for the production of its In-line engine, ~Ivlng us t~.zo in-line 
engines ~hlch we could. &e~end on for our pursuit planes. However, I 
~.fould rather call Packard a licensor, because of its development in 
perfecting the Rolls Royce Engine and bringing it up to its high stage 
of efflcle~cy. Before the end of the ~#ar this engine was essentially 
an American prcduct. 

So, to su~_~al~ize, we had four licensor companies 3 three of ~hich 
~.rere prewar--Pratt & ~aitney, ~right and Allison--and Packard~ which we 
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may also consider a licensor; approximately eight or nine licensees, 
most of ~om~ere Pratt & l,~hitney licensees arzl only~wo of~!hlch ~.rere 
licensed by ~right. 

It is rather interesting to note that, as a resf:lt largelyof 
Pratt & Whitney's licensing system, not by reason necessarily of any 
inherent superiority of the engine itself, the total production of 
Pratt & ~Itney engines over this period of four years was approxi- 
mately 50 percent greater tb~ the productlon'of the.~Iright engines. 
It is known that the Pratt & ~nitney engine ~s substituted in at least 
one plane where the production facilities for the ~ight engine, for 
~Ich that plane ~2s designed, ~yere not available and could not be ~de 
available in time. That was Pratt & ~lhitney's R-2800 used on the Curtlss 
~ight transport plane, the C-46 Commando. 

Subcg~tractlng~-Now, I do not want to ignore the contrlbutionEade 
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 is exclusive of the production 
of aircraft engine accessories, such assuperchargers, ~agnetos~ ignition 
hs~nesses, fuel pumps~ and various other accessories that are essential 
to an aeronautical engine. I do not consider them part of the aero- 
nautical engine productlon process, but something accessory to it. All 
these items were produced outside of the aeronautical engine industry 
itself. General Electric and Allls Chalmers, for example, made a very 
high percentage of the superchargers used. 

Virtually every firm in the program, particularly the pre~.~ar 
licensor companies, ~s heavily involved with subcontractors. Com~anles 
like Buick, Chevrolet an~ Dodge were considerably more integrated~ hob:- 
ever, than the pre~r a~ronautical specialized engine companies. ~.~e~e- 
as the subcontractlnc~ for example, of Pratt & ~nitney ~as rougJLly 50 
percent, the subcontracting of a company llke Ford and Chevrolet ~ras 
onl3~ 15 to 20 percent. 

An excellent example of the subcontracting program is provided 
by the Wright Aeronautical Corporation. As I indicated before~ its 
early policy of expanslon ~yas based largely on subcontracting. The 
Lockland branch plant had a contract for the production of the IR-2600 
engine, ~ridely used by both the Ar~y and the Navy. However, the Lock- 
lanS. plant produced approximately only 40 percent of the complete engine. 
It had magnesium and[ aluLnintu~ fotuadries to produce the castings neces- 
sary. In addition, the Lockland plant ~chined the cylinder barrel and 
cylinder head. It v a~e most but not all of the gears. And, of course, 
it did the fin~? assemblln C and testing of engines, involving approxl- 
mately 20 percent of the total ~Pu-hours involved in the production of 
an aeronautical engine. 

Supp!ementi~ the ~.rricht Aeronautical prcduction at Loclnland were 
the Ohio Cra~shaft Cor~p~u~r, ~,~hich .made the crankshafts; the Otis Eleva- 
tor Compa~uy, responsible for all the cranl~c~ses; Hudson Motor Car Coml~n~ 
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~.1~uufacturing Compmly, which made propeller shafts; and the Graham-Paige 
Automobile Com wany, ~hloh was responsible for ~nufacturin~ most of the 
articulating rods for the engines. These five vendors were an integral 
part of Wright Aeronautlcal,s engine program. Other items were procured 
as essential government-furnished equipment by the Air Technical Service 
Co~aud and shipped directly to the aeronautical engine companies for 
insta~ 1_ation. 

There is no clear pattern, however, so far as subcontracting is 
concerned. ~hereas the Uright Aero Company made its castings, had its 
o~m aluminum and magnesium foundryg Pratt & l~ituey Company, on t/~e 
contrary, made none of its castings and had no foundries whatsoever, 
Neither company made its o~ forgincs. So there was really no definite 
policy as to what processes were undertaken by the licensor plants and 
~.;hich ~-~ere not. • . . . .  

Construction and Toolln~ Phases--Passing cn# I should llke to give 
some idea of the problems involved in expandin8j constructing and toolin~ 
up a new plant, such as a licensee plant for the production of such a 
highly complex item as an aeronautical engine. 

Approximately three quarters of the total capacity of the prime 
contractors involved in the aeronautical engine program was contributed 
by new expansion and not by conversion of the existing facilities of 
these companies. Despite the size of the Ford empire, the Chevrolet or 
Buick plants every one of these companies was forced to expan~ quite 
considerably. • 

Before going into the production of aeror~mtical engines Buick 
constructed a new plant in Chicago of some two and a half million square 
feet; Chevrolet adde¢! a~ror~imately one million square feet to its own 
plant; Studebaker approximately tw~o million sq~mre feet; and the Dodge 
plant in Chicago, the largest e x!~usion of all, was approximately six 
million square feet. Practically none of Chryslers own ~lant was used 
to ~ke aeronautical engines, the R-33~0. By the time the Chrysler 
Company entered the program, its plant was pretty absorbed with ordnance 
production as well as other aircraft items an~ as a result an entirely 
new • factor$, had to be built. 

Based upon an anal~-sis of twelve or thirteen expansions, involving 
an increase of floor area from one million to six million square feet 
each, our wartime experience shows that an average of fifteen months is 
necessary for the construction of new plants and their tooling up for 
pro~uctlon of an aeronautical engine. There is considerable variation 
in the experience of these different companies; but fourthly it is safe 
to say that the gestation perlc~l of the toollng-up perlcd for the pro. 
duction of an aeronautical engine took well over one year. 

Dividing it into the ~aJor 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 ~,,as taken up in preliminary 
negotiatio n. Time was iIIvolved in selectin~ ~r~l acq~.~rir.g 8. p]nr.t site~ 
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in selecting architects, designing the plant, and in granti~z contracts 
for construction. T~ree ~ole months ~ere involved before the ground 
was actually broken, on the average, in these e:~a~sion programs. 

Approximately two months additional~Tere involved up to the time 
of the erection of the first steel; and before the first machine tool 
could be installed in that plant approximately eight months had elapse~. 
Again, these are all average figures. There was considerable 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 ~chine tools set up by skilled mechanics for the initial 
production of parts of engines, an additional one and a half months are 
involve& after the installation of the machine tools before production 
~.Tas actually started. By '~rcduction" I meanwhen the first direct man- 
hours were applied and ~ae first chips began to fly. 

From the time of the start of production approximately five months 
~zere required for the ~achlnlng of parts, their assembly, testing, 
teardo~mand final assez~bly of the first engine produced. 

General ,Knudsen used to red-k: '~ether in peace or war it still 
takes nine months to produce a baby." It takes well over a year to pro- 
duce an aeronautical engine involving the construction of a new plant. 
Ho~ever, it should be noted that, once the plant was established an~ 
ready to go, a llcensee~ or a licensor company for that .~tter, could 
greatly e:~edite the tooling up phase of a new engine once they had that 
e~erience. 

To give a very pointed example of that, the Chevrolet Motor Car 
Company, one of the most efficient producers in the automobile industry, 
tool: approximately t~¢elve months for the tooling up and production%lase 
of its first engine, the R-1830. Howeve~ ~en it ~zdertook prc0_uction 
of the R-2800 in 1941~ Chevrolet had gained enou~a experience to tool 
up and produce the first engine in six and a half months, setting a 
record for all com~uies, licensee or licensor, in the production of an 
aeronautical en6ine. 

This period of fifteen months Luvolved only the production of the 
first engine. An additional sixteen or seventeen months were involved 
in accelerating production to capacity and building up the 'Tloat" or 
work in process essential to achieve that level of production. 

That 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 Goverr~ont, or the Arr~r Air Forces in 
particular. During this period the Arme~ Forces ~ere expanding 
their requirements and const~utly raising the sights of the aircraft 
program. Consequently, the prime contractors were continually forced 
to revise their goals and, delays were involved in successive reor- 
ganizations of p~-'cduction involvin~ new expansions. 
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• ".Tool~n~ ..-, .Now,...l would llke to pass over to the problems .involved 
in tholing. It :is obvious, of course, that the tooling program was par- 
alle~l witch the program for construction of the plant itself. The two 
could proceed hand in hand. While the plant was being constructed by the 
contractor, the automobile company or the licensor could proceed with its 
own !tocSin. ~ It was ~necessary to design and fabricate tools from blue- 
pTints,~ have special machine toois 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 ~!ways, the actual fabrication of the 
toolLng, Jlgs, dies and fixtures was farmed out by the prime contractor, 
with specialized tooling companies. •Most of Studebaker's tools, for ex- 
ample, were fabricated by outside vendors; and practically all of Dodge ' s 
tooling was designed and fabricated by others. 

.Major Factors of de!a 2 -- Now, Just the high spots of the problems 
involved, running down the list. I see the time is short. 

One of the crucial problems %nvolved in the expansion or construc- 
tionof licensee companies was the process of transferring engineering in- 
formation itself. This entailed blueprints and process cards by which 
the licensee company was enabled to proceed with the design of tools, the 
ordering of machine tools, and the purchase of materials and supplies. 

Transfer of engineering information between engine companies however, 
Was not nearly so Serious a•problem as the transfer of engineering infor- 
mation in the airframe industry. The aeronautical engine companies, it 
should ~e noted, had some prior experience in this transfer of information 
in the sale of~its designs to foreign countries,-not only our allies, but 
our enemies as Well. They had thus been able to perfect a comprehensible 
blueprint containing the necessary specifications, dimensions, processes 
and • so on involved in the construction of the engine so that the trans- 
fer of this engineering information did not present too much of a problem. 

However, the engineering drawings were inadequate for the Job shop 
me~hods of the automobile industry. In other vords, while the drawings 
could be read, they were not adaptable to the particular type of line 
production or high-quantity mass production to which the automobile com- 
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 ~ere used by Buick. Not that the draftings were illegible or 
could not be read, but they just were not adaptable to the shop practices 
of the automobile companies. So considerable "time was consumed in re- 
drawing, and it is known that such redrawin~ did delay production to some 

extent. 

The Packard Motor Car Company experienced the most trouble in this 
respect, since it was faced wi~h the problem of reading foreign drawings. 
Even though they were British drawings, they were entirely foreign to 
American patterns. The drawings were not only illegible, not only did 
not conform to American shop practices, but they ~er6 slm~ly i~e~.o~l~te 
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and inadequate. Packard had tb completely redraw the designs, convert 
them from the metric to the A~erican scale, and ad~pt the parts to American 
production techniques. So it was virtually a new and redesigned engine 
by the time Packar& 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 attribute any significant~delay in the program to failure to 
receive machine tools. 

The most serious problem with machine tools was in the procurement 
of special machine tools which hadto be built to speciflcatlons. ~ How- 
ever, compa~uies were able to improvise and to substitute general-purpose 
machine tools pending receipt of the special machine tools. But a con- 
siderable amount of expediting had to be done. Thanks to high priorities 
given the Army Air Corps procurement of machine tools and construction of 
plant ~id not significantly delay production. 

Materials were not a serious problem after 194S. By 1943, with the 
introduction of the Controlled M2terials Plan, the materials distribution 
allocation program was pretty well worked out; so that very few difficul- 
ties were presented. There were difficulties however, in the securing of 
castings and special materials among other things, but nothing very 
crltical. • 

Finally, ~npow~r did not become a problem until the latter part of 
194B. However, it was not so much a problem of acquiring the necessary 
warm bodles~ you might say, as it was a matterof engineers, and other 
necessaryskills 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 were 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 plantswas un- 
skilled female workers. Theneed was for a nucleus of skilled mechanics 
to set up the machines, die sinkers, pattern makers, and so on. 

Finally, the over-all m~nagement limitations, you might say, generally 
set a ceiling or limit on aircraft PrOduction. That was brought forcibly 
to our attention in one situation after another. The wisdom of the Pratt 
& Whitney policy with respect to licensing companies was exemplified in 
this respect: that it exploited a highly developed organization of mana- 
gerial skills in companies like General Motors: Ford, Dodge ~ud Studebaker 
and others and to apply those skills to a product of which manufacture was 
essentially similar in kind, if not in degree. 

The specialized companies themselves did not do so badly. Although 
Wright Aeronautical, as you know, bogged down quite considerably at one 
period, it was able to pull itself out after a shift of management. But 
there is no question that the aircraft program was limited by the avail- 
ability of management. Had we had more hAghly skilled men of the reaulred 
broad scope and abillty, the aircraft program might have exceeded even 
its most mlraculous accomplishments. 
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Obviously, I have already run over the time and I will have to cut 
this short, but there may be a few minutes left for questions, if you 
would llke 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 machine tools in some cases you had to use general-purpose tools 
where you had expected special-purpose tools. Did you throw that tool 
away? 

LEUTEN   LENT: 

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

A S~JDENT: 

M~ybe it was because of toohigh priorities, but we found that we 
could not depend on getting these special type machine tools at the same 
time that the plant was being built. 

L~2EN~T LENT: 

In other words, it was 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 Air Forces were able to accomplish 
that, but not without considerable improvisation and substitution of one 
machine tool for another. But it was difficult to attribute any delay 
except in one or two isolated cases to failure to receive machine tools. 
Dodge apologized, you might say, for the long time required to get into 
production by claimin G that it did not receive the machine tools believed 
necessary to go ahead an~ produce--in spite of the fact that the Army Air 
Forces calle~ attention to the possibility of improvlsingand using other 
machine tools on han~ to fill the gap ~hile waiting for those thought 
necessary. Of course, it took tims to get the specials, but this did not 
delay production necessarily. 
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A STUDENT : 

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

L~UTENANT LENT: 

Yes. 

A STUD~NT: 

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

L~I~T LENT: 

Not to any extent, to my knowledge. 

With respect to transferring engineering information, in the B-17 
program we had the so-called BVD committee, which was a more or less con- 
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, Douglas and Vega (or Locl~heed). That was used 
as 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 team of men 
to Pratt & Whitney, who remained there for practically the duration of the 
war and simply acted as intermediaries or liaison for the transfer of such 
engineering information. 

A STUDENT: 

What did you call those committees? 

LIEUTENANT T~NT: 

BVD. 

A STUDENT: 

What does "BVD" stand for? 

LIEUTENANT L~T: 

Boeing, VeGa, and Douglas. That was also used in the case of the 
B-29 program. All those companies involved, such as Chrysler, Bell, 
Boeing, Martin, Fisher Body, etc. were associated in a committee. 
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A STUD_~NT: 

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 WORTHINGTON: 

Could you go ahead with it? 

A STUDENT: 

Not that I look forward to a prolongation of the hour, but I do think 
there is some important information there that we would li~e to hear. 

LIEUTENANT LENT: 

Shall I proceed? 

CAPTAIN WORTHINGTON: 

Yes. 

LT~UTENANT T~NT: 

The point is that the Army Air Forces for that matter finds itself 
in the same position that it found itself in before, when England, France 
and other countries came to our rescue and were largely responsible for 
building up the industry to at least a reasonable size nucleus from which 
we could expand more rapidly. 

Now, the Army Air Forces' aircraft program will be approximately what 
is indicated in this table. I do not know whether you all have copies of 
the table or not--:'The estimated postwar level of the industry." I should 
not limit myself to the Army Air Forces, because it contains the program 
of the Navy as well as estimates for commercial aircraft production. Here 
it is estimated that if the Air Forces, Bureau of aeronautics and commer- 
cia! production continueaswe project them, the estimated postwar level of 
the aircraft engine industry will be approxlmately as represented or es- 
timated o~ 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, maybe at- 
tributed 72 or 80 percent to foreign export orders. 

a 

I have ignored the export orders in my estimate of the postwar pro- 
duction. The output is measured by horsepower. Obviously the aeronauti- 
ca~ horsepower was accelerated very rapidly in every unit. It was raised 
some eight times the level that it was in 1939 to an output of 49 mil- 
llon horsepower a year. 

Now, that is attributable not only to improvements in the conventional 
engine, the largest horsepower which we have now being 3500 horsepower, but 
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also to the jet gas turbine engine, although it is difficult to translate 
them into terms of horsepower. Assuming that one pound of thrust equals 
one horsepower at 275 miles per hou~ we now have an engine with a horse- 
power of approxlmately 9 thousand horsepower per unit. Engines are now 
being madebyGeneral Electric and GeneralMotors with ratings in the 
neighborhood of 4 or 5 thousand compared with 1200 horsepower for the 
engine that went into the B-17. So the horsepower output is being 
stepped up quite appreciably. ~ 

With respect to the nucleus of know-how or management:~hich~Will 
provide that base for expansion, if another emergency arises--and:by 
"emergency" I mean war, of course--we could expect to have a base of ~ome 
36,000 workers in the aeronautical engine industry, exclusive of subc0n- 
tractors. It •should not be overlooked that, although Wrlght and ~llison, ~ 
General Electric and Pratt & Whitneyanticipate some subcontractlng , the 
same as they have in the past, these figures arelimlted to prim e 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 it is difficult to estimate floor area, these figuresare 
based on requirements assuming one shift operation of:2~0 square feet per 
worker. I think that the floor area or plant capacity, that is, the plant 
area or estimated plant production, 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 Naval air- 
craft program and the commerciallexpansion assume the level of vhat is 
now shaping up, we shall obviously be ~mmeasurably!betterprepared for 
some future emergency if these estimates are anywhere near correct, as I 
think they are. They were based upon consultations with the companies 
themselves. • : .-~ 

Now, the great bugaboQ'ofindustrial planning is the rapid obsoles- 
cence of aircraft. This (indicating) shows the trend of the Air Forces 
so far as production is concerned. That is what n~kes it so difficult ~ 
and almost impossible to undertake any future planning at all, because 
there are such rapid technological changes talking place within the in- 
• dustry. We can never really knovJust how things are shaping up five or 
ten years fromnow, and certainly we would like to plan that far ahead. 

We have developed Jet engines. Nobodycanbe sure whether they will 
be universally used in five, ten or fifteen years for commercial trans- 
portation. Lockheedsays fifteen years, somebody else says ten, and 
others say five. It.depends largely upon how fastthe funds flow into 
research and development; whether that research and experimentation is 
telescoped into a period of two years orwhether it is spread out over a 
longer period of time. .. 

However, it is rather certain that the conventional enginej as we 
know it, is rapidly becoming obsolete. It is axtremely likely that with- 
in two or three years fighter planes will be powered excluslve~v'~y Jet 
engines. .. 



• • ~L I ~ ~°,'~• 

With respect to the gas turbine engine, the progress is Just as 
rapid, of course. The gas turbine is nothing more than the application 
of a propeller to a Jet engine. It is very likely that the gas turbine 
propeller driven engine will replace the conventional engine in commercial 
transportation within ten years--for long-distance flights. That is almost 
certain if the present trend continues since it 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 is concerned. 

Despite the rapid progress in new technological developments in this 
field, and desplteanAir Forces military personnel of 400,000, it is still 
necessary to go a step further with respect to p~reparing ourselves for 
mobilization of, say~ the automobile and refrigerator industries in the 
event of another emergency. Not only must we ha~e an adequate aeronauti- 
cal engine industry, but we must be prepared to mobilize American industry 
as well. And we must have up-to-date at all times, complete, accurate 
and legible, standardized engineering drawings which will enable most any 
company to take those drawings and to design tools and fabricate tools at 
its plant and go into substantial production at very short notice. 

These mobilization plans involve not only blueprints, of course, but 
they involve tool design, having up-to-date tools designed for quantity 
production, and~ not necessarily although desirable, by peacetime tooling 
designed and fabricated on a quantity basis. Obviously we are not going 
to have the same kind of tooling for a rated production of 30 a month that 
we would have for 300 a month. If the companies produce only two or three 
different engines in the postwar period 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 quantities 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 ra'~ 
materials industry. Also the labor 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 addition to these production plans the Army Air Forces and the Navy 
have a program of stand-by plants for the productlon of aeronautical en- 
gines. They are no~ proposing to acquire some of these plants, which will 
enable the Government to commandeer or to requi~ition them from ~hatever 
~rivate company is operating them within a period of thirty to sixty days 
for the production of aircraft. 

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 general-purpose machine tools, which will 
enable us to relieve the load at least on the machine tool industry in th~ 
event of rapid tooling up and expansion if the ~ar clouds come again. 
However, I believe there is a program which will take up a more thorough 
discussion of these mobilization plans at a ihAt~re date, so • will close. 
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CAPTAI3~WORTHINGTON: 

I wish to thm'~  you~ Lieutenant  Lent ,  f or  a most  i n t e r e s t i n g  
instructive presentation. 

• ,. i 

and, 

(6 June1946-.200-)S 
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