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THE AEReNAUTICAL INDUSTRY 

Gentlemen 

! h~ve no zdea of bormng you mth a lot of statmst~cs because 
mn the f~rst pleco i don't know what the2 are and mn the socon~ 
place they ten be made to mean anythmng, and mn ~he thmrd place ~f 
you ~ant them you can get Avmatmon for Narch because they ere all 
• n there. 

In order to get an Idea of what an industry is, It Is 
necessary to know what it has done. There was no aeronautlcal 
Industry in thls country at the tlmo of the ~orl~ Vat. Martln 
was bulldlng alrplanes !n a shack and hls only tools ~ere a han~ 
operated drill pres~, a weldlng torch, and a palr of t!n snlps. 
The Wrlghts ~ere bu~Idlng a~rplanes in Dayton, and the only comp~ny 
bulldlng any quantlty ~as Curt~ss, ~ho ~s bumldmng a few for the 
Englmsh government. Durmng the war there ~as terrzf~c expansion. 
All the como~n~os already formed ~ero gmven large or@ors te expan~ 
and buy manufacturing equzpment. ~hen peace ~as dec]sro£ and all 
those contracts cancelled, there remamned a very oxponsmve, 
• neffmcment, and very large mndust~y that had nothmng to do from 
then on. ~th the cancellation of the contracts most of these 
expensmvely gathered end trs~ne~ groups of engmnoers and workmen 
had to be d~obanded. They scattere~ to other l~nes of endeavor 
and were lost to the ~ndustry because they could not be kept on. 
e had JN-A~s end DH~s, and all sorts of equipment and ongmnes 

~hzch had been rushed to varmous s~ages of complotmono The Army~ 
the Navy, and the Narmne Corps had to fly such equmpment as had 
been completed for the next f~ve years, and there ~ere practically 
no orders for now equipment placed durmng thms per~od. Consequently, 
the mndustry ~as starved very badly. 

There was no incentlve for research and des!gn because the 
Navy at the Navcl Aircraft Factory, mn~ the Army at l~rlght F1el~ 
undertook to deslgn practlcally all of the ne~ equlpment and they 
put out a number of alrplanes ~hlch ~e~c monotonously characterlzeg 
by a complete lack of success. The improvement in the industry began 
about 192A, ~hen the Army and Navy both began to let some contracts 
for experlmental work. There f~llo~Jed a steady, healthy, even 
growth of d3velopment, constructlon, and tralnlng of personnel s and 
thlngs went along satlsfactorlly untll 1928, when the general 
publlc a~Ja~ened to the fact that here ~as a new industry that it hag 
not gotten Its flngers Into, and the flnanclers found somothlng 
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they could exploit. Inslde of a year the pub!±~ h~d poured over 
s~x hundred m~llmon dollars mnto the av~atmon mndustry, most ef 
whmch ~a~ wasted. Ho~ever, the b~g advantage ~as that mt had 
gmven our transport l~nes themr start, and mt was at about that 
t~me that our trans-ccntmnental lmnes w~re formed. There was a 
b~g demand for transport equipment, wmth nobody ready to supply 
~t. Ford went mnto the transpoz% bus~ness and bumlt most ~f the 
needed equipment, but he dmd ~t so greatly to h~s own loss that 
mt hurt the rest of the companmes because he was sellmng all of 
h~s amrp±ones at an average loss of ~20,000. Fokker had a smngle- 
engmned, ooden-wmng, steel fuselage 3ob mn productmon zn Holland~ 
~hmch he converted mnto a three-engined affair desmgned for the 
transport ~ndustry. Thms became known as the Fokker F-10, which 
proved very popular~ At th~s t~me there ~as a great boom mn 
the mndustry and numerous companmes wer~ formed to build commercial 
amrplanes. They took root end grew until about 1929 there ~ere 
300 companies of every smzo, rangzng from backyar6 factories to 
large and well organmzed companies. Tho smaller companies 
particularly went ~nto the construction of a huge number of 
commercmal a~rp]anes, mostly small sport planes. One company mn 
particular oumlt several hundred wmtheut any sales organmzatmon or 
demand and stmll hss some mn stock. You mmght call mt the "mns~ne 
era" ~n amrcraft dcvelooment. The famlures of 1929 left a 
co~d~tmon s~mmlar to the post-~ar per~o~, agamn everything went 
down and mo~t of the mndustry returned to a starvation basms. A 
large percentage of the newly organmzod companies dmsappeared 
completely and very ~ckly. 

Since that tlme there has been a more unlform procurement 
by the i~rmy and Navy, but s~lll one company has buslnes~ thms year 
and starves th3 next, and vlco versa. The result ms that we have 
an industry +hqt conslsts of about ten companmes that are large 
and ~oll organlzed and able to produce co~nerl~al and mllltary 
planes, and abo~t ten companles bulldlng smaller types of 
commerclal planes. There are only t~o ongmne companles worthy of 
the name and three or four ethers bu~ldlng englnes for tralnlng 
planes. 

Most of the experlmental ~ork that has b~en done by the 
industry has been d~ne elthor on speculatmve or on a contract basle 
wlth prlvate funds for about half the cost of the devolopmont~ 
so the Industry h~s worked itself to a polnt ~here it has llved on 
its o~n fat and is gottlng along well ~n spots and bad in others, 
It has llvod on the publlc's money that has been poured into it. 
Up untll a year or so ago commerclal buslnoss had dropped almost 
out of the p~cture and the industry ~as agaln forced to fall back 
completely on Government orders. All of the factorles had 
organ!zatlons ~hlch they were strlvlng to ~cep golng, they had 
bumldlng~ and equlpment, and compet!tlon ~as cutthroat, I am 
palntlng that p~cturo rather pess]mlstlcally but it ms very true 
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and easmly proven. The industry ms now mn a posmtmon ~here mt ms 
Oust about staggermng through, 

The mndustry has tramned large numbers of people who have 
scattered because of the fact that there hqs been no unmformmty 
~nd cont~numty of production or thought or plannmng. The mnterest~ng 
thmng ms that these smx hundred mmllmon dollars that ~ore mn the 
amrcraft mndustry mn 19~9 have shrunken to a hundred aria forty 
mmllmon, ~hmch ms no~ approxmmately the total ~;orth of the ~ndustry. 
Four hundred and s~xty mmlhon dollars have be~n contrmbute~ to 
a~rports ~nd transport lmnes, and to the Army and Navy for the 
prmvmlege of bumldmng planes. 

The a~rcraft industry, due +o its rapld development and 
due to the fact that it changes so rapldly In type of constructlon 
and aorodynamlcal conceptmons, has been and stmll ms an englneermng 
game, and probably will be for a long tlmeo It has not had any 
real productlon and has no prospects of ever getL1ng mnto real 
output where hundreds or thousands of alrplanes of a slngle type 
can be turned out. It ms interestmng to note that Douglas, whlch 
has been one of the best companles, and falrly successful, if not 
most succes ful, has built about 1500 amrp]anes s±nco 1920, and 
that number !s about one day's produotlon of Chevrolets. In 
fmfteen or slxtecn years one of our bmggest companlos has produced 
as many alrplancs as an automobile factory produces automobiles 
in a smngle day. As an engmneerlng game, !t means that any 
company that ms gomng to stay mn busmnes has to have and be based 
upon a good engmneerlng organlzatlon - one thst has plenty of 
experience and one whmch is well enough organlzed to keep golng. 
To glvo you one proof that thls is an engmneer]ng game, when I 
left Douglas mn 1934 ~e had 270 people mn the eng!noerlng department 
an£ 560 people in the shop - one in the englneerlng department for 
each two in the shop. Such an engmnoormng organlzatmon ms 
neces~armly s very important item in the cost ef amrplanes, The 
englneerlng and development costs must frequently be ~rmtten ~ff 
on a small numoer of alrplanes whlch greatly increases the unlt 
prlce of the shmps. The cost of engmnecr~ng, research, ~ind tunnel 
testmng, etc., wall average sllghtly more than half of the cost of 
an experzmental alrplane. The cost of such expermmental ~vork ms 
greater than ms generally understood~ roughly, the fmrst experl- 
mental alrplane of a new m~dern prlmary tr~in!ng type, mncludlng 
%estlng, ~lll cost about @60,000 to $70,000; of a basmc tralner 
$70,000 to ~8@,000, of a %~o-plaee observatmon azrplaue @120,000 to 
$1S0,000, oC a three-place observatmon amrplane ~I~0,000 to 
@200,000, of a slngle-s~ater pursumt to vl@0,000, of a medium 
smzo bomber ~300,000 to ~450~000, and of a large flymng boat 
@800,000 to ~l,000,000~ The cost of the fmrst Douglas transport 
@~70,000, and add~tmonal ~l~0,000 wa~ spent In tostmng, redesmgn 
and improvement mn preparatmon for productzon after the fmrst 
sh~p ~as flown. The cost of the f~rst ~lartln Cl~pper sh~p ~s 
reporte~ to be approximately ~l,000,000, 
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Another th~ng that must be consmdered ~n the a~rp!ano 
mndustry zs the fact that s~nce ~t ms not a production mndustry 
and never w~ll be under present condmtmons, every part has ~eon 
and w~ll be desmgned for small productmon or for an oxpormmental 
set-up. In other words, ~.here the automobmle mndustry ~oul~ use 
a forgmng or a stamping desmgned as a complete unit and produce~ by 
machinery, the parts of an amrplane a~o desmgned for easy pro&uct~on 
• n small quantmtmes wmthout th~ use of dmes and special tools. 
Every pmece of an amrp]ane would have to be redesmgned to permit 
of mrs manufacture ~n another method before large produetmon could 
~e attempted. M@st of the work mn an amrplane factory requires a 
famrly skilled type of workman. In bumld~ng automobmlo transmmss~ons 
and steermng goers and thmngs of that nature by the hundrs£s 
of thousands, labor w~thout mechanmcal znst~ncts and ~mth lmttlo 
%ra~nmng can be uso£; the only hmghly skmllod people necessary 
bemng those ~ho desmgn and set up macb~os to do the work. 
Conversely, mn bumld~ng amrplanes, every pmece ms desmgne@ so that 
~th a pamr of tmn snmps and a hammer the parts can be made by hand, 
because the small qumnt~t~es ~nvolved proh~bmt the cost of dmes and 
automatmc tools, In the case of a knuckle forgmng on an automobmle, 
the tool and dme cost for making that ontmre set-up ms less than one 
m~l per ~n~t. ~ use a smm~lar forgmng for landing gears that 
costs ~8 to t~lO per unmt for dme costs alone, 

Another thlng that uakos It impossible to get Into any blg 
pr~ductlon is the lapldlty vlth whlch the technleal slde of the 
industry has boon changed. Up to 1952 the transport llnes were 
flylng Fords and Fok~ers ~vhlcn had a erulslng speo~ of 120 miles 
an hour. In 19S3 Boolng brought cub the 247 transport wh!ch 
Bumped from a crulslng spee~ of 120 miles to 150. In 193A the 
Douglas transport ~as put en the llnos and ralsod the crulslng 
performance up to better than 180 miles en hour, decreaslng the 
tlme from Ne~ York to Los 7~geles from 26 hours to 18 hours and 
50 mmnutos. The performance of m~lmtary alrplanes advanced mn 
the same proportlon durmng thms permod -- obsorvatlon planes 
advancmng from 150 miles per hour to 200, ~nd ~ow t~ 2S0; attack 
planes from 160 to 215. and bombers that easily out-dms%ancc~ 
pursult planes. Th~s mmprevoment was d~e to the change from the 
wlre braced type of shmp, ~vlth struts, ~mres, landlng gears, ete.~ 
all ezposed, to the modern sleek cant!lover monoolane wlth 
re ~aotable landmng gear. The ne~ types of shmps were naturally 
very dlfforont in structure, belng almost unmversally of "stressed 
skln" construct!on, uslng alummnum alloy. Thls change therefore 
neeessltoted the u~e of personnel more advancedly tramne~, and 
consequently those people vho were fam~]lar ~ith the manufacture 
of wood mngs and steel tube fuselages ~Jere a drug on the market, 
while those who could work duralumln were at a prommum, whmch, of 
course, meant that mt was necessary to educate and tramn new 
people, mn~ involve~ qultc a revolutmonary stage mn engmneermng srH 
technmcal development because at the begznnmng there was no great 
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~n~ledge of ~hat could be obtamnod from the new type of censtructmon 
and mt was necessary to make thousands of tests to arrive at the 
best type ~f structure f~r vgrmous parts of the amrplane. Thms 
research ms going on constantly and slow progress zs bemng made mn 
arrangements and combmnat~ons of structt~re that gmve greater 
~trength for loss womght, or that mmprove production and reduce cost. 

Another charaetermst~c of the mndustry ms the fact thst mt 
requmres a very large floor space mn proportion to the value of the 
~ork produced. In checkmng quzte a few of the co~panmes' preductmon 
possmbml~t~es mt ~as found that workmng to capacmty mak±ng modern 
amrplanes the average factor~can do from ten to twelve dollars 
~rth of ~ork per square foo~ per year, whzch means that a company 
doing ten mmllmon dollars ~orth of busmness ~ould have to have a 
mmllmon ~eet of floor space, which of course ms a very ~rge area. 
Zhms ~as checked on the bas~s of the msual contract wmth tb ~ 
Government, mn ~hmch costs of engmnes, propellers, and mnst~ments 
are not mncluded ~n the total, as these parts are furmshed to the 
contractor by the Government, 

L~other pomnt In conslderatmon of the regulremont of thls 
large space ms the fact that each amrplane from the tlmo ]% starts 
through t~e shlp, ~J1th the usual mlstakes worked out 8nd ready for 
productmon in s~l! quant~tmes, wmll be gomng thru the manufacturing 
processes f~r a permod of from s~x months to a year. In bhe 
automobmle mndustry mt ~s considered very poor plannmng mf the 
matermal ms mn the factory more than four days from ~he t~me mt ms 
reeemved u~tml mt zs delmv~red as an aatomobmle~ 

The alrplano roau!res a type of bulldlng pecullar to itself. 
Modern alrplanes are very large and are ge~tlng larger. The blggest 
shlp in thls country has a wlng span of aporoxlmately 130 feet an~ 
its helght is just under 28 feet. If ~e build blgger shlps we will 
have to have hangars and factorles vlth greater helghts an~ long 
clear spans ~nobstructed by columns. Such a factory is very much 
more costly than one of the ordlnary type in ~Jhleh 1A I head room 
Is sufflclent and whore columns can be placed every 25' wlthout 
interfermng ~mth operatmons. Another thing entermng mnto the cost 
of such a bulldmng ms the almost mmposslble matter of hcatmng mt 
unmformly. 

Materlals too, are c~angmng. A few years ago the greet 
tro~ble was to @et Sprueeo No~ most of ~s have thrown the wood 
shop out except for oratmng and tool ~ rk, end practlcally all 
shmps are made of duralummn; about ~5% of the matcrlal in a 
modern slrplanc is alummn~u alloy. ~e bare but one source of supply 
for alummnum alloy - The llummnum Company of ~nuerlca. However~ 
there ms plenty of alumlnum, and the ~lumlnum Company of Innormca 
is a very efflclent manufacturlng orgamzatlon, but in spite of thms 



mt usual y takes at least three months from the tmme of order to get 
suffmc~ent alummnum alloy to start ~ork on a contract. The other 
necessary m~termals are also rather slo~ mn pro~uctmon~ oven mn 
peace-tmme. Also, nearly every amrplano of a dmff~rent type or 
model has an entmrely dmfferent sot of duralummn extrusmons, whmeh 
are long strmps of practmcally any shape desmred, and ~hmch are 
made by forcing hot metal through dmes amd extrudmng mt lmke 
spaghottm° Contmnual expermments are bemng made to develop more 
effmcment shapes and It ms very rarely that the same set of dmes 
ms ~sod for any t~o d~fferent types of shmps. 

In the last year or ~vo there has been an mmprovement mn 
alummnum alloy. The 17S type has been replaced almost unlversally 
by 2~S, ~lhmoh ms stronger and of the same ~elght. In starting t~ 
~ork 248 matermal mt was found mt took a d~ffereut technmque to 
~ork mr, end that all dines and tools bad to be revmsed duo to the 
fact that whmle 17S could be formed over a radmus aqumvalont ~o the 
thmcknes- of the sheet 2AS roquzred a larger rsdmus. The N~rtmn 
company h d sh~ps desmgnod on the bas~s of 17S and ~en they 
changed to 2~S ~t cost them $2S0,000~ They had to change every tool, 
dmo and fixture to ~vork the now matermal for a savmng of 80 pounds 
per amrplano. Thms ms an mndustry whmch ms dovelopmng contmnuously 
and mn ~hmch the entm~e pmcture changes ~vory year, thus preventmng 
stabmlmzatmon and standardmzatmon. 

It mlght also be interestlng to conslder the tlme element 
in the oroductlon of alrplanes, taklng as an e~ample an alrplane 
already developed and in produetlon6 In 1932 the Douglas company 
had boon bul]dlng a type of shlp based on the old 02-H, wnlch had 
gone through several other converslons, they had built several 
hundro4 of them and the ops~atlon ~as smooth, and, as one of our 
procurement offlcers remarked, "all you have to do Is say tGlve us 
600 more yards of ~paghettl'"o The only meier dlfference between 
those alrpla~es on the nrw order and th hundreds produce~ prevleusly 
was the onglne. The new shl~were to have a Prestons-coolo~ ongmne, 
falrly ne~, but whmch, however, had boon succe~sful!y operated 
prevmously as a water-coolod engmno on an order of 60 alrplanes. 
The contract was let mn October and aftoz a couple of months ef 
dzscussmon approval~as graven to order matermal and ~vork ~Jas started 
about February 1st. The fmrst shmp ~Jas completed mn ~[ay, the onglnes 
arrmve~ mn June, but had to be sent back to the factory for re~ork. 
%hen th(v were returned in August for mnstallatmon mt was found that 
duo to some internal dmfflcultmes the oml coula not be cooled, ~hlch 
caused another delay, and delmvery of the amrplanos d~d not bcgmn 
untml November. Here was a oondmtmon ~Jhero the alrplan~ ~as already 
~forked out as a developed product on whlch dellvormes wore planne~ 
to start In 120 days after the date of the contract, but dm~ not 
actually beg!n 13 months after the date of the contracte 
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The Douglas trsnsport makes an e)ce!lent example of the 
development of a nm~ type of alrplane. The contract ~as slgne6 
In beptember, 1932, spocmfleat~ons were prepared and ~ork was 
started~ In bumldlng thls commeromal type there was a great 
advantage mn not havmng to walt for approvals, as well ~s freedom 
from the pressure of havmng to do thlngs a oertamn way. Excellent 
progre~ was made and by the fmrst of the year a most comprehenslve 
serles of ~ind tunnel end structursl tests ]~d been run. The 
amrplane was completed mn flylng condltmon in July 1933, or in 
nlno mo~ths. It took about slx more months to g~t the alrplano 
mn such condltmon tha~ productmon could be started because problems 
of hoatmng, ventmlatmng, passenger comfort, an£ general flF1ng 
condmtmons had to be solved, engmnes made to run properly, and so 
forth. Productmon ~Jas actually st~rtog in January 1934, a~d ~as 
bumlt up untll t~o alrplanes a ~eek wore bemng delmvcred by 
August, ~hmch meant that It hs~ been almost ~o yosrs f~om the 
begmnnmng of the doslgn to the tlme when actual productlon 
delmvermes ~ere bemng made. 

a~ 

To bumld/expormmental alrplano for the Army under the 
present procurement system for productmon a~rplanos and submmt 
mt ~n ~ "physics] ~rtmcle" competition, ~hzch m ~ the present 
method, m% ~ould be necessary %o fmguro a year for the productmon 
of the fmrst a~rplane. It would then take about four months after 
dellvery, sssummng ~t to be generally satmsfact~ry, before an 
a~ard coula be made~ Three more months ~ould be spent mn the 
usual arguments and dmscussmons before a fmnal set of specmfmcatmons 
~;ould be prepared, mt would take another smx months to start to 
produce the f~rst a~rplane and stzll another four to smx months before 
delmvermes of the fmrst productmon amrpla~es could be ~de, 
because the fmrst amrplano has to be inspected and test-flown an~ 
agamn ~pprovod, and any number of changes made as the result of 
defmnmte defects ~the shmp or technmcal and %actmcal develooments 
that would have to be mncorporated In lhe productmon. So mt 
~vould take about two years and s~x months to got the fmrst amrplan~ 
mn produetmon quantmtmos under thms sytem of procurement. 

The other method of the procurement of al~planes is by the 
deslgn compet~tlon. Doslgn competltlons ar~ orlgmnated by the 
preparatlen of a dlrectmve whmch outllnes the basle tactlcal 
roou~rements of such an alrplane~ The preparatlon of an average 
dlrectlve taxes about throe months. Such a dlreot~ve is then 
built into a d~talled spoclflcatlon outhnlng all of those 
requlrements hlch must be ooordlnated with varlous branches and 
unlts of the Nstorlel D1vlsmon, and a cmrculsr has to be prepared 
to send out to everybody who over heard of an alrplane, hmch 
takes another four months. Then there ms a permcd of slx months 
that the mndustry must have after the cmreular ms prepare~ in 
order to prepare deslgns and studm~s to send in for evsluatmon. 
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The evalu~tmon takes throe months, Makmng the award after the 
wmnner ms declared ta~es three more months, then about nmne 
months to a year to ~omplete the shmp. ~ftor mt ms bumlt there 
ms a szx months permod for the testmng of the azrplane an~ 
catchm~g up ~vmth the two years that have elapsed mn development# 
and then, even mf the servmce testmng ms elmmmn~ted, ~t %~ould 
take another year and a half before del~vermes could be made, 
It would take f~rty-omght to s~xty months from the tmme a decmsmon 
was ma@o ~o buy a certamn type of plane u~t~l delmver~os could be 
made of any quantmty. By the tmme the plsno ms mn productmon 
tactmcsl and technmcal mdeas have been chango~ so radmcally that 
mt ms already obsolesoent~ 

One Important thlng to eonsmder for thls ~hole industry 
Is the fact that I% ms entlrely dependent upon the Govelnmsntfs 
buslness, wroth the exccptlon of a few odd planes that arc sold 
%o prlvate o~vners. That ms not only true of companles that 
manufacture amrplanos for the ~rmy and Nsvy but true also of those 
~ho operate transports, because transpozt operators could not 
possmbly operate If they dmd not have the amr maml to carry, 
even at the oreson% fetes. Practmcally none of the ~ranspor% 
companmes are mskmng any money. Some of them are sufferlng largo 
losses because of the ne~v amr rates mn spmte of the fact that 
passenger revenue has gone up 50%. So the transport companmes 
are dependent upon The Government, through the amr maml. The 
companies that build transports are dependent on thelr operatmons 
for the amount of commercial alrpla~es would not keep a tenth of the 
mndustry survmwng. The great dmffmculty mn our present set-up ms 
that it has been made a polmtmcal footbal] and p~obably always will 
be, It has been th~ subject of innumeraole mnvestmgatmons, some 
vlndmcatlve and some Insplred by Congressmen to get %helr names 
in the caper because there m~ no surer way to get publtclty than 
to attack the alrplane industry Inasmuch as wh±le mt is small it 
ha~ a romontmc appeal and gets pubhc~ty ~mthou% even tlymng, and 
also due to the belmef that there are tremendous proflts in the 
industry. It ms 0ust as dlffmcult for the Army and Navy to buy 
the alrplanes they ~ant as it ms for the manufacturer to build an~ 
se]l them. All of these statements have no reflectmon on people. 
Our lairs are so set up that they ~onTt permmt a reasonable method 
of procurlng amrplanes. The Englmsh and the French have long 
ago ~bandoned the method of open competmtmvo bmddmng and have 
adopted a defmnlte scheme whlch consmsts of puttmng certaln 
manufae~re~on the approved hst, llmlting the number that ~am 
get on ihat l~t to the number that can survive on the amount 
of busmnoss, ~nd that has kept up their manufacturmng methods an~ 
research to a standard. Th~s has kept the Br~t~sh aeronautmcal 
mndustry ~n excellent condition. In thms country one could start 
~th ~28~000 capital and buml~ a sh~o thst ~ould have a good chance 

" of se]!~ng. The fact that one had no org~m~zatmon bohmn~ h~m, no 
machinery, nor equmpment and no facml~t~os ~ould not make any 
d~fference, One could bmd under other comp~nmes that are force~ to 



carry a ]arge and expensmve staff both for production and ongmneormngo 
Such a condmt~on can't happen mn ~ihg]and or mn France or in most 
other countries ~here the pohtmcal bsckground ms dmfferent. I hsve 
had qumte an argument ~th Mr. Warner on tnms questzon. He made 
the statement that we should encourage ~ngenu~ty and endeavor to 
tr~ng up every lzt%le company that was started and ~n that way 
encourage development. I samd the best example of whet that meant 
could be g~ven by an experience I had ~mth a small rose garden out 
mn Calmfo~nza~ I decmdod I was going to raise roses but I know no 
more about t~em then most people know about amrplan~s. I had a 
small plot of ground ~nd a few rose bushes s~d they began to send 
out sho~ts all over the place and each tmme a shoot came up and 
looked good I put fcrtml~zer on mt and encouraged ~t~ In the mean- 
tmmo the ormgmnal bushes dmed and the younger ones were hot bearmng 
sny ro~es. I got a Jepanese gardner to lo~k sftor the garden and 

very soon I had lots of roses. I asked n~m what he had done. He 
sa~d, "Very s~mple. So much ground, too many flo~ers, no foo~, 
all d~e." 

--O00-- 

Q - Under emergency condltmons ~ould you estmm~te ho~ long 
~t would take to get amrplanes ~f you could remove the zmpodruents 
you have ~nd!cated ~ 

A - If you went be take a sma!] shlp already developed and 
ready to go ahead - about a year to get really started producing ~n 
small quantmtles, because mn the fmrst plac~ you have to get matermals, 
In peace-tlme, wlthout any extraordlnary demand on msterlals, it 
takes three months to get them. Inasmuch as the entlre plant could 
be stop0e6 by the failure of one source of one materlal the chances 
ar6 thet under the stress of ~var-tlme cond!t!ons you uould have te 
f!gure on about 18 months to get enough ~aterlal to start large 
productlon. Furthermore, ~t would mean that the toollng would have 
to be developed dlfferently, the basle design would have to be 
revlse~, ~Jhleh would take st least a year even under the war-tlme 
pressure end freedom from other restrlctlons. The idea of farmlng 
out parts to small shops all over the country !s fallaclous because 
in a sot of drawlngs for even a small alrolane there would probably 
be from three to four thousand Indlvldusl dra~v!ngs, each one ~J!th 
a hundred posslblllt!es for error, so that there ~,ould be at least 
three hundred thousand pOsslb!lltles for the drawlngs to have 
mmstakes. ~Iso, the drawmngs are made st interchangeable f~gures 
but there ar~ Imm~ts on dmmensmons~ In ma~<ing up jigs It does not 
make any dlfference ~hether they are made to the bmgh llmmt or low 
immlt for work done In the same factory beceuse the matchzng jmgs 
are the same. The only possmb111ty vould be to produce a dupllcato 
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set of jigs an~ flxtures and send them around to the varlous 
companles who vere produclng the parts, and even then there ms a 
groat posslblllty for error. To glve you an example of what I 
sm trymng to say I wont down into the shop one day end the Chlef 
Inspector asked me to come over and look at some parts. He had a 
whole pile of them and he sald they were all ~rong. I told hmm 
~e had made 800 of them and mt couldn't be posszb]e, I askeA 
zf they t~ere Izke the dr~,mng and they wore. The dr~&w~ng had been 
mn the shop for seven years and I loo~od back and feund that 
"John ~&oov~r-he-~as t~ h~d al~ays made those parts, John had loft 
and when another person ~s ~zven the 3ob he made a now template 
aceordzng to the drawing and the template ~as ~rong because no 
one had reported that the drq~zng was wrong. The reason they ha~ 
never ~ound mt ~as that there was no mnspoctzon to the d~a~ngj 
the znspoctzon was to the template ~hmch was the logmcal th~ng. 
That ~ss an example where after seven years parts had to be 
scrap}od and ne~ ones made. Such a thmng vould be very much mot& 
l~kcly to occur when changing from hand buzlt parts to ferg~ngs and 
stampmngs. There ms also the dmffmculty of gett&ng proper ~orkmon. 
There are not a lot of people fam~Izar wzth work on duralummn ~nd 
t#oy have to be tramned, There ms even greater dmffmculty In 
gottmng a supply of foremen and suporvmserso ~on you expand the 
znfantry, mf you have enough toF sergeants they w~ll whzp the gang 
mnto shape but ~f you are short of top sergeants the lmoutenants 
and the captazns and oven the colonels wmll go screwy trymng to got 
th&ngs strumghtenod ou%~ ~ depend on the foremen to take those 
people and keep them ~n squads and very few are mvamlablo zn a new 
g~me. 

In gonorsl, I t~ould ostlmate that it would take a year to 
start quantlty producbzon on a slmplo alrplano llke a tralner, 
elghtoon months for an obsorvatlon or an attack, and two years for 
bombers. 

Q - Consldorzng all the dlffzculty wlth labor and ma~erlal 
that you have Dust mentlonod, say we h~d on or shortly after N day, 
one thousand alrplanos for the emergency and we need 5,000 planes. 
hat zs the answer of the zndustry to %hzs ~Tar-tlme procurement 
problem, hat should ~c do~ ~at should industry do and t~hat sh~l£ 
the Govorlmmont de~ 

A - In the flrst place I thlnk you can forget tho othnr 
tro~blos much more easily than you can forget the dlfflculty of 
procurlng materials zn tlme because we are depending on a ~zdoly 
scattered area of industry which will be under groat stress from 
ether qctlvmtlOSD I thlnk th~ ans~or to part of the problem woul6 
be to have a central depot whlch was kept stocked al~Jays to supply 
the basle mat0rlals whlch could bo issued on N day or ahead of I% 
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to the companzos that were gozng to do the work. You mmght not 
have exactly the same gauge but mn stress of war-tmmo we vould not 
be so pa~tmcular and mf mt were four or imvc pounds hoav~tr an~ 
the nQg~tmve margin 3% or 2% zt would st~ll be usel. ~o could get 
~y ~th a relatively small l~t ~f ~t ~ere l~m~tcd to definite 
s~zes and gauges. Such a set-up could be used for manufactur(s mn 
pcace-tmmc to dr~v mater~al. It would bt a fsmrly ~xponsmvo thmng 
%o handle xn the begmnnmng but would be cheap mnsurqncc. In the 
personnel sxtuatmon the operatmon of an mndust~y more on the baszs 
of the Englmsh system would help tremendously because ~e ~ould ~ve 
continuous productmon zn every factory, end mnstoad of v, ofkmng at 
capacity today and a year from now bemng down to one-tenth of 
capacity, hhus hav~ng t~ lay off trained men, ~t would be possible 
to keep a good standmng army of tramned personnel that could be 
depended upon. The ~holo trouble as I ~eo mt voold be to provxde 
a rosorvomr of mater~al and personnel by Qontmnued productmon. 

Q - You have explamued very cloar!y and gzven us a pmcturo 
of the present state of development of the aronautmcal ~ndustry, 
and compared mt wmth the automobmle zndustry whzch has progresso~ 
to a state of stsmdardmzatzon mn produotmon that ms very much 
hxgher end to whmeh the aoronautmcal ~ndustr~Gs subnut to unfavorable 
comparmson but you are not very optmmzstmc on the sub0oc$ of whether 
or not the aeronautical ~ndustry could roach a stage of ~evelopment 
comparable to the automobmle mndustry. Z re you pessmmmstmo about 
that~ 

A - Qulte, i don't see that there is the ~emand for a 
prlvate alrplano if we are golng to base the future on that typsj 
and the automob!le industry l__~ss based on the prlvately o~ned oar. 
The alrplano ms stroll dependent on the ~eathor. If you want to go 

short d~stanoe yeu ~mll go mn a car, If you want to go from town 
to town on bushness I most to,ms are so !ocated that you can go 
there ovornmght on a defmnmte schedule, safely and dependab~ by 
rat1. Conversely, mf you use an alrpl%ne for such work, here ms 
an example, Supoose that I were In Baltmmore and went to Wright 
Fmeld by przvate amrp!ane on busmnoss. I would probably leave zn 
the mornmng and get there after throe hours flymng, arrmvmng too 
late to do a full day's work. then I would b~ ready to start 
back agaln, the chances are about one mn three that the weather 
~ould be bad over the mountalns and I ~Jould e!ther lose tlmo 
waltlng for clear weather or return by rail. Thls v~uld mean olther 
returnlng for the alrplano or sendlng somtonc for ~t, There Is 
the further dlfflculty of being wlthout a car upon arrlval in 
another clty by alr, ~vhlch would cause many people to drlve, 
rather than fly, dlstances under 150 m!les® For longer dlstances, 

sl a say from hero to Los ~mgeles, I can leave snlngton at slx 
o'clock mn the evening now and be xn Los ~geles st emght o'clock 
mn the mornmng at low cost. If I were to fly my o~n ~mp ~t would 
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take at least two days. ~'e had a shmp on the ~ost Coast that we had 
to brmng back here ~nd, consmdermng gasoline, znsurance, an6 all 
the things necessary to brmng ~t here, mt co~t fmve t~mes as much 
as ~t ~ould have cost to brmng the pzlo% back on the a~rl~no~ an~ 
besides ~t took three dsys to get it here ~ereas the transport 
l~ue ~ould have brought h~m here overnmght~ ~ l~t of people wmll 
have a~rplanes and use them for amusement and long trmps, but the 
automobmle d~d not become ~hat mt ms until mt bacame a neeessmty. 
As far as the transport l~nes are concerned, they wml] need more 
equmpmcnt snd bett~r oqumpment, but the Douglas company mn a lmttle 
over one yo%~ provided enough alrplanes for T.~.~., Eastern 
Alr, and fer fmermcan A~rlmnos, whmch ms a very comprehonsmve 
system, and had enough shmps left to supply two l~nes mn Sough 
America, one in Central Anerlca, and three In Europe. ~ny ~ne 
of ~ur large manufacturing companmcs could supply the whole 
transport mndustry ~ mth all of mrs equmpmont. Nmlmtary smrplanes 
are gomng t~ be me~o numerous, I am sure, ana they arc gomng to 
be much more expensmve, take longer to produce, etc., so I thmnk 
the mndu~try wml] have to depend almost entirely upon that same 
background mt has always lmved on--mmlmtary bus~ness. 

q - I would Imke to ask ~at you th~nk of the $700 amrplane, 

A - The ~700 alrp!ane h~s been the sub3cot of very much 
debate, and I thlnk the person who 3umpe~ into the llmellght wlth 
it ~1o~Id certa!nly llke to 3ump back. There has been a lot of 
talk about it and a lot ~f people have made a lot of flgures on It. 
That type of alrplane Is a sure thlng; there are golng to be lots 
of them. But, assumlng that you could build thGm In the thou sands, 
you still have te buy materlal° Even for ~700 people are nat 
golng to b~y a lot of fabrlo covered ~ood, they have been educate~ 
to somothlng dlfforont, and the basle ~atorlals, ~slng alumlnum 
alloys and hlgh t0nslle steels, wmll cost about ~AS0o00 per alrplane. 
~ mlnmmom number of mnstruZents for flylng safely, even mn bmgger 
productlon, .Jocld run about I~200°00, the propeller would cost 
~S0.00, and then there ms the englne and varmous and sundry pmeces 
of eoumpm~nt to b~ bought. The @700 alrplano built mn the quantmtles 
they ar~ talklng about would cost from ~1600 t, @2000., ~nd then i% 
~ould not be in productmon untml about two years after the deslgn 
was approved~ In the f~rst place you cantt sell any artmclo, I 
don't care ~hat mt is, for less than 25% of the sales prmce golng 
into the sales cost and if you would sell the @1600 alrplone, 
there would be @400 per alrplane for that purpose. A factory 
that ~3ants to survive would not flguro on less than P0% profmt in 
any other ~dustry, and should not mn thls one. T~enty percent of 
the romamnlng $1200 brlngs you down to $960, for whmch you must 
build a plane and buy all matermal, ~nd thls ~at rm~l costs, say 
~500 at least, leavmng @~ for labor and overhoa~, whmch means 
that the sh~p would have to be bu±lt ~n about SF~ l~bor hours. 
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Q - I understand there are about two prmnc~pal engane 
manufacturing companmes an6 I wonder an case of emergency whether 
the engmne ~ould be the crmtmcal component or the araplane mtself. 

A - I really th~nk the engmne manufacturers could start 
produomng more quackly because by the ~ature of the work they have 
~roduetmenmachanery and cmgs. Both of the large engine companies 
now have enough machanery and equipment already ~nstalled t~ do 
several tames the work now being done. S~n~e the engmne we would 
use ~n productmon ~r~edmately has been throagh a development of at 
least fmve years they are mn faarly good shape to start. They 
would be able to get engmnes very much faster than a~rplanes could 
be produced. They do have a better set-up and furthermore there 
are probably more good mach~nasts than there are people who can 
do ~he york on the azrplane, 

Colonel Jordan: I ant you to explamn to the class why 
~ou moved to Calmfornaa. 

A - I came back east in July 1934 and took over the 
manufacturing buslness here and found that I had inher!ted some- 
thlng wh!ch I dld not want very badly end could rot do a groat 
deal wlth. It ~as samply poorly arranged and not susceptablo of 
easy expansaon, so it was apparent that we would nave to have a 
new factoryo I began checklng around all ove~ the east for places 
that had about what I wanted. I wrote myself a set of specmfmcatm~ns 
for ~,hat I censldered an Ideal set-up for a ne~ factory startlng 
wathou% anythang in the background. Havzng wrl~ten thas ~e% of 
speclfacataons, I found there was only one place in the ~orld that 
fulfilled them so I started an makang a check on 5% and reduclng zt 
as f~r as pos~able to dollars and cents. I took a hypothetlcal 
set-up wherean I had a certain amount of money ~vhlch ~vas dlstr~- 
bute~ - so much for plant, so much for machlnery, so much for 
working capltal, - and made studlos of varlous locataons baseg upon 
i% - ~,hat I Jould have to pay for a ~te that would be near a 
munlelpally owned alrpor%, and convenaent to labor, that would 
be near, as far as posslble, a pool of traaned help, that would have 
power, gas, and water, and sultable transportatlon fae111tlos for 
the shlpplng and roceavlng of materlal end flnlshed pro~ucts~ I 
evaluated all of these thangs and found that my averagle flxed 
charges on ~hat basls were ap~roxlmstely ~o39,00G a year In Callfornaa 
and @67,000 a year an Baltamore. I also found I could build a factory 
in Los Angeles, more sultable than I would have been forced t~ 
%ulld in Baltlmore, for a llttle less than one-half as much per 
square foot, Since the contracts for the factory have bee~ let an~ 
under way, I fand at ms less than that. It zs goang to cost $1.29 
per square foot, ancludmng a sprankler system. The best prmce I 
could got ~n Baltmmore or Detroit was (~2.~5 per square foot, ~e 
have elammnated entmrely a heatang plant; as such, we have a few 
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portable heaters for ~ork at nmght. Los Angeles has a large pool 
of help and it is very easy to get help to come out there. I flnd 
it is very dlfflcult to ge+~ help from Callforn]a to come east~ 
Fulthermore, I found that not much flying could be done In the wlntor 
in the testlng and devolrpment ~f the experlmental alrplane. The 
fleld has to be in perfect condltlon and the weather should be 
unlformly good, wlth a hlgh cs11~ng~, etc, Ye had a job ready for 
test December Z0th and all set to go, after we had three or four 
days of testlng, but it was the mlddle of Narch before ~e got it 
done, Had tba% been a 3ob on whlch ~e wore dependlng for productlon 
it ~{ou!d hav~ been a Great loss. Also, ~ve fotmd that in Baltlmore, 
It ~s hot in the summer - very hot. In fact a year ago ~se had 18 
dsvs wken the temperature touched 100 wlth a humldlty of 80, and 
people can~ ot work under such condltlons. 9gflen people don't work, 
they are a loss. in the wlnter we had two feet of snow and the 
factory was hard to heat~ consequently, the employees lost tlme 
getting warm, In Callfornla the max~int;]l sulr~er temperatures are 
sl~ghtly over 80 degrees near the coast and it ms never too hot 
to sloop ~ell at nlght. You ~et up in the mornlng feollng llke worklng. 
I talked .]th Commander Bogusch, in charge of a~rcraet mamntenance 
for the Na~y~ They are domng two ~obs of the same kmnd - overhauling 
exactly the same a~rplane, at Hampton Roads and at San Dmego. They 
~'ere usmng exactly the same class of oorsonnel, swmtch~ng them back 
and forth, and the cost of the job mn Calmfornma was approxmmately 
15% los than the ~ob mn Hampton Roads. He attributed mt to the 
• ncreasod personnel efficiency of people who were not subjected 
to the mntense heat and ~_~tense cold. Out there we have fogs 
and rains - mt ramns lmke the devml ~vhen zt does, but mn ten years 
of testzng azrplanos I don~t belzeve we have been held up more than 
two consecutmve days, @he of the moot com~;~on objections gmven to 
mevmng to Calmfornma was the frezght cost on matermals, most 
of ~h~c# comes from the bast, It ~s ~ntorest~ng to note that a 
careful check ~hows that the average cost of heatmng ~ square foot 
~f factory space per year ~s from seven to eleven tmmes the additional 

oigh* costs on the amount of mater~al used per square foot 
i ~r year mn full production, 

4 
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