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,.INDUSTRY SLOWDOWN POSES PROBLEMS 
Rocket Availability 

Proves Policy 
Availability today of high thrust 

rocke t engines to power ballistic mis
s il es is due to the hi storic partner
ship between the U. S. Air Force and 
the aircraft engine industry. 

An article in the Air University 
Quarterly Review describes the suc
cess ful policy followed by the Air 
Force. "It was the conviction . .. 
that the rocket development program 
should be handled in a manner like 
that of other engin e development 
programs. Traditionally, industry 
h a d always been r egarded as a part
n er in th ese ventures," the article 
s tates. 

"The form er Air Corps' en gine de
velopment program s, da tin g back to 
the days of the Hi spano-Suiza and 
Libert y eng in es o f World War I , had 

~ attempted to harn ess avail able 
~·sources of industry to developm ent 

and produc tion programs. The Air 
Force feels today th a t thi s wa s a wi se 
d ecision ," the article says. "The 
fa c t that the only success ful la rge 
liquid -rocke t eng in e progr ams in 
th e United S tates have been Air 
Force programs is in no small meas
ure du e to thi s manner of opera tion. 
Thi s policy has greatl y eased transi
tion fr om applied research to devel
opment to produc ti on and has mini
mized sc ientifi c stagna ti on." 

The a rti cle pointed out tha t when 
th e A rmy Ordnance Co rps. in its 
mi ~sil e development pro gram , had 
n o a dequa te engin e availa ble, th e 
A ir F orce made th e industry-devel
o ped en g in e avail a bl e to the A rmy. 
In a not he r Army mi ssil e program. 
th e roc ke t engin es were aga in mad e 
ava il a bl e to th em. 

" On th e firm foundation of thi s 
co ntinuou s. vigo rou sly prosecuted 
A ir Force rocke t development_ pro
v-ra m. a ll th e l o n g_-r~ n ge . a ~d rnte r
"' -•·a te -r·an o·e ba llr s tr c mr ss rl es now rn eu r " . 
. 1 ·e]opm ent by the U nr ted S tates 
rn l ev I .. I . . I 
I. I eerl JJasec _" t 1e a rtr c e sta te . ra ve 1 · 

High Landing 
a have a tend ency tu win ce 
- If yo u I h . fees pa rkin g o ts c a rge yo u 

a t th e c,-e t your ca r off th e stree t. 
JU ~ I . '.; ' r"" th e pli ght of the a irlin es. 
con~ r l e d' ,,. fee fo r a four-eng in e 
'I ' I Ian Ill .-. re . ent a l a irlin e r stopping in 
- t rc•"''-"

1 
I "160 Th ' ~ 1 e . B rita in is a Jou t .,p • . e 

C rea l . na l A ir T ran,;po rt A~so 
l nt ern <'1' ~ 1 im ates thi s fi g ur e wi ll at 
(' ia tron eJi e w hen int ern at iona l j et
jpa~l d'd' tJJir lill e rs a re o pe ra tiona l. 
powe rt' a 

1Oth Anniversary-

Supersonic Flight-Yesterday's Sensation
Today Is Routine Military Operation 

This month marks the tenth anni
versa ry o f man 's penetra ti on of th e 
so und bar ri er , first acco mpli hed by 
U. S. A ir F orce Cap t. (now L t. Co l. l 
Cha rles E. Yea ger in a rocket-p ow
ered , ex peri men ta I aircra ft. 

Sin ce that hi gh moment o f av ia tion 
a deca de ago, ex perim enta l mann ed 
aircra ft have a tta in ed speeds o f 
Mach 3 ( three tim es th e speed of 
so und ) a nd altitudes o f 126,000 feet. 
T he a ircra ft industry has prod uced 
hundreds o f opera ti onal a irc ra ft 
ca pa bl e o f supe rso ni c fli ght which is 
now pa rt o f th e rou tin e opera ti ons o f 
th e Air F or ce a nd Navy. 

Th e signifi can ce of these opera
t ions is und erlin ed by th e fac t th a t 
th ese prod uc ti on a ircraft a re pow
er ed by tur boj e t eng in es. not rockets . 
Fo r the fut ure o f ma nn ed fli gh t the re 
is the prospec t o f co mbi na ti ons o f 
powe r- I ur boj et and r ocke ts ; r am 
j ets and rockets; - whi cb will push 
ma nne r! fli ght in to the hype rso ni c 

reaches a t speeds up to Mach 10. 
In additi on to hi gh-speed. mann ed 

fli ght , th e a ircra ft industry has de
velo ped and produ ced a success ion 
of mi ssil es ca pable of speeds as high 
as 20 ,000 mil es per hour. 

T he first ope rati onal supe rsoni c 
fi ghters entered service in 1954 with 
the A ir Force. The Navy 's first 
fas ter-th a n-so und a irpl ane was de
live red abo ut th e same tim e. 

low Bridge 
A j e t ta nk er fu se lage has acc umu 

latedlOO.OOO " fli ght' ' mil es to da te-
a ll und erwa ter. · 

The _" fli ghts" a re made in a la nk 
a t an a r~·cra ft co mpany as pa rt o f tlw 
ex ha us tr ve tes tin cr JHO" J'a n f I . , o , ' 1 or t w 
n e l~ a iJ 'C ra ft. fir e rnil eau·e I . h . I I 0 . w II (' I ~ 
)a re y a. sta rt. was co mputed lr ·· 
ua th ema tr ca l a na l)' sis ,1[ 1 I · Y 
. 1. · · 1yc roqa t1 c 

lYC In g lf' .s fs r nrlllu r tpd on th e f . , 
I age. ust-

Regaining Speed 
Is Difficult 

By Orval R. Cook 

Pres id e nt, A irc raft Ind us tri es Association 

The las t four months have seen 
a kaleidoscope of chan o-e in the air
c.raft industry brou gh~ about par
tially by th e growin g importance of 
guided mi ssil es, but mainly by a 
most difficult fi scal condition within 
the F ederal Government. 

There have been contract cancell a
tion s, stretch-outs and cutback s. 
Manufacturers have had to readjust 
suddenly to r estricting orders that 
have come in rapid succession . 
Ther e has already been a consider
able r eduction in employment by 
most contractors ; there will be more. 

Some fa cilities h ave been deac ti
vated ; others will be withdrawn 
later. Overtime has been cut to ad
just to thi s reduced work load . 

_Airc~a ft subcontrac to rs and sup
pliers m every state in the Union 
~ave already been ~ fTec t ed in vary
m g degree. They Will be faced with 
additional cutbacks as subcontrac t
in g and supply requirements decline. 

Part of thi s is a ttributa bl e to mu
tati ons in emph asis on our a ir weap
ons systems. In mid-May, th e indus
try learn ed from the military serv
ices tha t. because of important 
progress in guid ed missil es develop
ment , there would be a considerabl e 
in crease in emphasis on these de
vices, at th e ex pense of the manned 
a ircraft program. Indeed , the Air 
F orce had es tim a ted that. ultimat e
ly, guided mi ss il es would handl e 90 
per cent o f a ll air defense mission s. 
50 p er ~ent of th e work of the S tra
teg ic A.tr Comm an~ and 30 pe r rent 
of the Jobof 1~1 e lac tical Air Com
mand. Th~ rty -fiv e to 40 pe r cent o f 
the Navy 5 ex p enditure~ for a ir 
:veapon s would be guid ed mi ss il es 
111 fi ve yea rs. it w as estimat ed. 
. B ut on Jun e 20_ th e top exec u

tr ves of th e a irc raf t: industry were 
call ed to Washin oton by th e Air r 0 

' ~>rce and were told sudd enl y th a t 
th e ra te o f expenditure o f de fense 
fund s wa s exceedin g the avail a bl e 
suppl y of money. S ince th e na tion 
al debt ce ilin g is fi xed a t $275 bil
l iun a nd th e re is no intention of ex
ceedin g it. it would be necessa ry for 
a ll De fense expe nditures to s tay un 
de r $38 billi• •n for fi scal year 1958. 
endin g next .June 30. 

S pendin g a t th e tilll e wa s at a ra te 

(See SLOWDOWN. Page 7) 



A SINGLE LUXURIOUS JET AIRLINER NOW IN 
PRODUCTION W ILL CARRY NEARLY AS MANY 
PASSENGERS TO EUROPE IN A __ )'EAR'S T!f~E_ 
AS THE $70 MILLION US UNITED STATES. 

AIR TRAVEL WITHIN UNITED 
STATES BORDERS ACCOUNTS 
FOR APPROXIMATELY ONE
HALF OF THE WORLD'S 
TOTAL AIR TRAVEL. 

COOLING CAPACITY OF A 
NEW U. S. JET AIRLINER 
AIR CONDITIONING SYSTEM 
EQUALS THE OUTPUT OF 
A REFRIGERATION PLANT 
MAKING 20 TONS OF ICE 
PER DAY. 

' PLANES' 

AIR QUOTE 
Th e Soviet Sputnik now circling 

the globe every 96 minutes, their fir
ing of a test intercontinental ballistic 
missile, their explosion of a hydro
gen bomb at high altitude underscore 
the cogency of a warning issued more 
than four years ago by the late Gen
eral Ho yt S . Vandenberg after his re
tirement as Air Force Chief of Staff. 

Gen. Vand enberg said: 
"What I now fear most is com

placency in the midst of inexorably 
rising peril. There occurred the 
other day a happenin g that should 
give us all serious pause. I refer, 
of co urse, to th e explosion of a hy
drogen device in th e depths of the 

Soviet Union. 
"Whether this explosion was a test 

article or a bonafide weapon is, in 
th e long run, academic. If Russia 
does not now actually have such a 
weapon, she will soon have one. An d 
its addition . . . will furth er narrow 
th e margins of power on which we 
Americans have so far count~d for 
safe ty .. .. 

"But if we doze, if in our com· 
placency we forget the deadly ear
nestn ess of the enemy, hi s ever
increasing technical competence, 
and his undoubted ability to deliver 
his new weapons, then, I say, ou1 
strength will not avail us." 

PLANES 
Planes is published by the Aircraft Industries Association of 

America , Inc. , the national trade association of the manufacturers of 
milita ry, transport, and personal aircraft, helicopters, flying missiles 
and their accessories, instruments and components. 

The purpose of Planes is to: 
Foster a better public understanding of Air Power and the 
reqmrements essential to preservation of American leader
ship in the air ; 
Illustrate and explain the special problems of the aircraft 
industry a nd its vital role in our national security . 

Public&tion Office :. 610 Shoreham Building, W.ashington 5, D. C. 
New York Office: 150 East -42nd Street, New York 17, New York. 
Los An geles Office: 7660 Beverly Boulevard, Los Angeles 36, California. 

ALL MATER IAL MAY BE REPRODUCED - MATS OF ALL CHA RTS 
ARE AVAILABLE FREE 

F a~ts aJid Fears 
The avalanche of publicity r egarding balli stic mi ssil es may have obscured 

the true posture of our air power in the public's mind. 
Where do we stand? 

First, we have no proof that Ru ssia has intercontinental mi ssiles with 
operational units. Development of test vehicl es is only the first step in a 
lengthy process of bringing these weapons into military inventories. 

Second, defense programs are not carried out on a mora torium basis. ' 
We _must be prepared today as well as tomorrow. Manned aircraft will 
contmue for many years to be our principal wea pon with ballistic missiles 
being phased into air operations as quickly as they are proven for service. 
We must not be stampeded into abandoning proven weapon systems before 
more advanced systems become operationally fea sible. 

The glamorous reports_ on ballis tic missiles have largely ignored the long, 
hard step between expenmental firin gs and operati onal readiness at a base. 

~n idea of this long, hard step can be obtained from a comparison with 
a h~ ghl! advance~ manned aircraft. The Air Force estimates that a super· 
somc aircraft wh1ch incorporates all possible technical advances requires 
an ave_rage of nine to ten years to be placed in the inventory with full 
op~ratw~a~ status. However, the prototype of thi s aircraft can be built and 
flyJ~g wJthm _two to three years. The balance of the time is consumed by 
testmg, provmg, . trainin g, b_ase preparation, establishing communication 
nets, an? productwn of the a1rcraft. Finally, after the aircraft is in volume 
productwn, more than a year is recruired for t" I d 5 to ]earn 
h h . . opera wna squa ron 

t e c aractenstics and abili ties of tlle · . f Th roblems . 1 . . . mrcra t. e numerous p 
mvo ved m bnngmg ball istic missil es to 0 t" 1 .

11 
qtlire at 

I . pera JOna sta tus w1 re east as much time and probably more. 

The term "ultimate weapon ," which has been applied to the ICBM, is a 
g_ro~s ~ver~tatem~nt. . ~here are severe operational limitations. One such 
lmntatwn Js an mabihty to strike tar"ets f . I . I d .

1 
d . formation 

is lacking. Once an ICBM is fi d I " . or w He 1 etaJ e. m_ ·se. 
Th" · fl ·b·1· . re ' t 1ere Js no mea ns of chan um u JtS coui IS m exJ J Jty Js another limita tion . " " 

There are several defen ses auainst the ICBM b . d A number 
of companies are workinrr on " . . . em g pursue · of 

b 11" · · .1 . " an anti-nussile missil e. The very nature 
a a JStJc miSSI e-Jts ad herence to a preco . d kes 1·t pos-
"bl · mmnte course-rna · SI e to compute Jts course, and effect an i . defense 

study shows that an ICBM I nterceptwn. Further. a b ~ 
defended for any tar rre t Tl

1
as laCBrelati~ely small approach corridor to ~ 

" . 1e M fiJO,.ht I I ld "ke a par ticular target area in th U S f "' pat 1 t 1at co u stn . ld 
e . rom any l I . . . R a wou be an elliptically-shaJJed . · aunc ung s1te 1n .,_ussi ]e 
, curvm rr cone i c)" d d R . n ang of 30 decrrees A d f " n me towar ussw at a 

1 "' · e ense system could k 1 . t watc 1 
and intercept missiles co · I . ee p t 11s cone under cons tan 

nung t u ough Jt. 

An outstanding characteristic of I . d- nlllY 
provide a solution to its d f Ran CBM warhead- Its spee at 

. e ense. ecent · . . . 1. t that 
very h1 crh impact velocities ll mvestJgatwns m e 1ca e ff ct 

" very sma " pr . "l " I I . e e e 
completely out of proportion to the i OJectJ es lave an exp osii' This 
suggests the possibility of . dmpact effect normally ex pected . er 

usm g a ense 1 d f . . ·]es ov th e approach fli ght cone of tl ICBM c ou o sandhke partJC 1
e to explode th 1 d Another defen se "b"l· 1. . e war 1ea . d possi 1 Ity Ies ll1 tl . erate 

by th e warhead durin a its r e e t . le mtense thermal hea t gen o•e 
" · n ry mto hea · h · · cr a n ~ cone to resist thi s hea t has be VIer atmosp ere . Devi sJn., .

11
, 

an ICBM. The ICBM en one of the knottiest problems in develop! ] 
nose cone would p I bl . ther111 a 

tolerance, and any material i . . ro Ja Y oper ate close to Its I"h 
I . 1 . ncr ease m the t . f 1 · th rOt " 

w u c 1 Jt passes could cause the war! em perature o t 1e air r-like 
fa shion. A nuclear fir eball c ld l ead to consume itself in rn eteo .. tion 
r ld ou "enerate 1 1 ·a di<~ ue cast across the fli ght pat! " ld sue 1 1eat, or a nucl ear J ·oy 
. A d 1 cou eithe . d" d . desll 
1t. n there are other defe h 1 1sann the warhea 01 

nse sc emes acr· . I I 
There is little news from 13 . .,ainst t 1e CBM. the 

F W ld HISSia to lJr "d . for ree or . But a recent t t OVJ e comfort or cheeJ 
1
.k'ta 

I" h I I s a ement by C . I . f NI I. '- rus 1c 1ev could prove a om mun1st Party C ne · 
1 

at 
"f" h d source of com f Kl id t 1 1g ter an bomber planes ort. uushchev flatl y sa 

can now he P t . 
Certa inl y no such p lan c .· . u Into mus urns." I . 

force we possess today is s ~IJIS lslm the Un ited States. The manned. bonOI JC:. 
I b . 1 t Ie world ' ·e 0 
Jo m ers are bemg equipped . 1 

5 most potent force for peac .· th e 
bomber to a pproach it s t Wit 1 an a ir- to- surface missile that pernllts ' th 

ar get and tl 1 . . "le WI 
grea t acc uracy from a di sta b len re ease a rr ui ded mi sS1 'f l is -

dd . f h . nee eyon d t I . " . . I we mg o t e rr u1ded 111 · .1 .1e tar ge t de fen se ]Jernn et.eJ. 
" ISS! e and th . l " nul , 

may prove to be a more de . e manned bomber in th e on" y 
d f d . va statm a w . ' I -• eas t.o e en agamst. The . cl " eapon than th e ICBM and e~~ . 

d h I manne hom! . , 1. ·ecuon 
aro un t e ong, vulnerable R . Je t can a ttack from any c Jl 

uss1an } d 
T he ballis ti c missile is a Jo un ary. .

1 
Jc 

t th . . bl . weapon of areat ·epll J 
o e Jmmuta e pendulum of ff " power, but even it is susc d trY 

will continue to develop t o ense and defense. The aircraft in us t 
"bl d ' es t and prod b . (Yrcat.es 

P0551 e spee · But for th e f . uce allts ti c missiles at the "' n 
balanced, fl exible force of a. OJ efseea ble future our reliance must !Je o~~n -

f I . I . I rei a t and . "1 . I ns"'"' ment or w l iC 1 It is best qualified. Ill Iss, es with each doing t ,e . 



MAJOR GENERAL WILLIAM 0. SENTER 

is th e Director of 
Pro c ur e m e nt and 
Production of t he 
USAF' s Ai r Mate ri e l 
Command. Thi s is 
the world' s la rg e st 
buying o rg a nizat ion , 
sp e nd ing a bout $ 16 
billio n a ye a r on 
some I ,3 75 ,000 dif

f e re nt ite ms ra nging fro m c omplete 
wea p on syst e ms t o t he sma ll e st sto p-nut. 
G e n. Se nte r is a g radu ate of We st 
Poin t a nd ha s a n Ae ro na ut ica l Engin e e r
ing d e gre e. H e ha s se rved in a succ es
sio n of b oth comm and a nd st aff ass ig n
me nts ove rsea s a nd in th e U. S., a nd 
imme d iate ly pr io r to assign me nt a t 
AM C hea dq ua rte rs in Augu st 1957 , he 
wa s c omm a nd e r of the Okla homa C ity 
A ir Mate rie l Area. He is rate d a com 
ma nd pi lot and techn ic a l obse rve r a nd 
has b ee n award e d th e Le g ion of Merit 
with a n O ak Leaf c luste r. 

T 
M 

. G William 0. Senter, USAF By aJ. en. 

THE United States has today at the Air Ma-
teriel Co mma nd Headquarters near Day

ton, Ohi o, nea rly half of the world's supply 
of sheet beryllium, suitable for aircraft use 
and which is a promising member of the new 

fam ily of exotic materials. 
Beryllium is six ti mes stronger than steel, 

on a strength-to-weight ratio, weighs about 
one-third as much as a luminum and will main
ta in i ts properti es at 1200 degrees Fahrenheit. 

An intercontinenta l miss ile constructed of 

beryll ium could be fired in to outer space, 

miles a bove its presently designed alt itude, 
using tuday 's powerp lants. The super stiff
ness of beryll ium wo uld simplify the invo lved 

ICBM guid ance system, since the m iss i l e 

wo uld be completely rig id in flight without 

the fl exing and r ippling caused by the "give" 

. 0 fter mater ials used today. Th . 
w s b . e gtnd 

Y
ste!11 would not e requned to c ance 

s on e t 
·ecorrect for each small chanrre i d ' c and 

I I tl n lr . 
A Mach 2.5 fi g lter made of be .e~ t~on. 

would weigh 16,000 pounds le 1
) lhum 

f b 
. ss tha 

same fi ghter a n ca ted from t n the 
. . Secl. T · 

lated w to operatmg capabiliti h' l ans-. . f es, t IS 
the beryllium au·cra t would I lneans 

. . . l 1ave an 8 
cent supen onty m a titude a l per nc an . 
in ra nge of 16 pe r cent as1·d f Increase 

• , < e r om . 
hea t resistant properties. Its great 

No w, wh y don' t we sta rt at OJ 

I. . d , 1Ce to u 
berylJ UIH Ht to ay s a ircraft and 

1 
. . se 

F. t tl · " k ·1 " f 1llss1les ? 1rs . 11s stoc p1 e o sheet b . · 
I 

erylh UJI\ 
is less t wn half the size of the page on 1 . . . l wr k . . Wuch tlus arUc e ap pears. ,., e eep 1t m a li l 

e cab-
inet As ide from the supply pr oblem th · . ' re 

. other ser ious d t advantages. I t is hi 1.] me · g 1y 



toxi c; machining operati ons would require 

an ultra-effective evacuation system to pro
tect workers. It is almost like machining 

a lass a nd is ver y abrasive to all kn own cut-
"' ' ting tool materials. Bending a piece of ber yl-

lium is as diffi cult as bending a sheet of pla te 

glass. 
A ND toda y ber yllium would cost about $200 

1\._ a pound or m ore installed on an aircraft 

or missile fra me. 
Bring ing beryllium out of the laboratories 

and on to the production lines is just one of 
the hundreds of problems faced by the Air 
F orce and ai1·craft industry toda y. 

The latest designs for a ir weapons are 

aimed at speeds in excess of Mach 20 (twen

ty tin1es the speed of sound ) . This speed 

The Air Force is no longer interested in 

buying aircraft that fl y a hundred miles fa st

er or a thousand feet higher tha n the pre

cedin g model. Development and production 
of aeri al vehicles by orderly evolution has 

given way to revolutionar y development and 

p roduction. We use lVIach numbers to mea~

ure our speed requirements. 

These revolutionary requirements demand 

a re v o luti o n in manufacturing techniques . 

New ma nufacturing processes and techniques 
normally are developed and finan ced by pri
vate industry. The Air Force finan ces projects 
in manufacturing methods only when the de

velopment is beyond the normal risk of a 
company and cannot be financed. The aircraft 

industr y has done an admirable job in meet-

' PLAN II ' 

Power roll forming offers manufacturing savings. The ramjet combustion 
chamber shown at top is spotwelded, requires 40 hours of labor. Roll form

ing of one-piece would require only 4 labor hours. 

would ca rr y a missil e fr om New York to 
Los Angeles- a distance of 2,600 miles-in 
coffee-b reak time, about 12 minutes. Today 

these d es i g n s musi Le ma rked not onl y 
SECRET but also theo reti ca l. This means 

they are possible- if. This " if," sim ply, is 

h ow do we make it a nd what ma teri a ls do 
we use . The " how" and the " what" consti

tute a formida ble kn ow-how barrier. 

The plain fa ct is that we have nearl y ex

ha usted today's bag of ma nufacturing tri cks. 

Jt means little if a designer can conceive, 

even prove, a n adva nced design, if it cann ot 

be produ ced . 
Th e bri dge between sophisti ca ted design 

j Jroducibility is ma nufacturing meth ods 
a nc 1 · 1 · 1 I · f · l 

h 
econ o111 1ca , ti me y trans a tw n o · 1c ea 

- t e 
I ard ware. 

to 
1 

' I . a lld wha t" burd en is heavy a nd 
·rh · 10 11 e k a nswers in a co urse th at 
. 1 We see 

1
•
1 

. 
c ri tJca · uestions. 11s burd en is 

1 new q f . 
offe rs o n ) hi " I 0 ry o · man ufa ctunng. 

·r1ue in the ~ h ai rcra ft industry has 
u 111 1 .. .. " t e ' . 
. - uJ1 jJ r t •?!- 1 e,... · 1 . 1 rue method IS to-
1 hrou,.. · .. tried . Cl nr 

1 tori <I I " 
(nUll 

1 f .
1 

·e . a J ll ' . 
· r ll II :;: 

lllg new production demands. Supersonic atr
craft and hypersonic missiles in producti on 
today could not have been built by the produc

ti on meth ods used as little as ten yea rs ago. 
P roducti on of turboj et engines o f 10,000 
pounds thrust was onl y a g lea m in a manu. 
fa ctUt·er 's eye eight years ago . Today the air

craft engine industry is producing turbojets 

ra ted a t 15,000 pounds of thrust. Titanium 

now in general use throughout the airc raf~ 
industr y, fiv e yea rs ago was in the same stage 
of development as beryllium is today . The prob. 

lems o f p roducing a nd working thi s one-time 
"wonder" metal we re just as a wesome to our 
enginee rs a few years ago as beryllium 

. . ap. 
pea rs today. And 1t 1s a safe bet that in th 
nea r future, when the soluti ons to ber)' ll " e 

. IUJn 
are known, we will come up with a .1 . . . not1er 
supenor maten al that will raise ]Jrod . 

. uct1 o n 
and fa bricatiO n prob lems palin o- th ose . f 

b we ace 
today. 

T HE ma jor efl orts of the a ircraft in 1 . 
( ustr y 

in meetin_g the pro?uction prob lems of the 
nex t generatiOn of a1rcra ft and mi ssil . 

· es 1s 
supplemented hy a li ttle-known !:!TOU JJ i t l · · ~ n 1e 

Air Materi el Co mma nd - the Manufacturing 

Methods Branch. This branch is composed 

of nin e offi cers a nd thirt y-one civilians with 

a budget that is small when cast against the 
task assig ned . Th e ca lendars on the desk of 

thi s branch do not read " 1957"; they are 

turned forwa rd to 1965 a nd 1970. In effect, 

thi s branch is looking ove r the shoulders o_f 1i f 
the advance desig ners a nd planners to anti

cipate and mee t the materials and manufac

turing problems o f to morrow. T HE organiza ti o n o f the lVIanufactUI:in~ 
Meth ods Branch refl ects the aeneral P1 ob 

"' lem a reas that are the concern of the aircraft 

industry and the Air F orce. There are four 

secti ons : Machine too ls, basic industry, meth

ods eng ineering and electronics. 
The problems facina the aircraft industry 

in machining are imm: nse. A World War II 
fi ghter aircraft required onl y 12 per ce~1 t _ 0

; 

the total manufacturino- effort for machmtno 
. "' d operations. This r equirement has increase 

to an estimated 30 per cent for some of to· 

day's combat aircra ft. Apparentl y, there e:x· 
ists today an almost linear relationship be
tween 11 h · · f 0 und lac mmg h ours per aircra t P 
and the M 1 . I A ver)' a c 1 number o f the vehic e. 
hi o- h Jlerf . . ·. some· ':" o tmance a 11·c ra ft could requu e 
thuw on tl d . . o· JJOurs b l e Or er of three machtnlllo f 
for e~ c_h a irframe pound. This amount o 
machtnm o- · l . . . . 

t:J I S 0 JVIOusJy proJ1lbJtJVe. 
What i b · 1 · prob· s e1ng done to overco me t 115 /& 

lem ? TI · b tweell(r- • 
h 

· lere I S a fruitful competiti on e ~ ~ 
t e tool ind f ·ecision . ustry and the makers o · P1 
cast1n a f ·o- · ·c1 wast· 
. b' 01 btng and extrusions to avo! . 
m g stock T ffj c1ent 

· ools work toward the e h 
and eco · 1 ·te t e 
b 

. nonncal r emoval of stock, w 11 • 
as1c m et 1 · d · d ch•P 

a Ill ustr y works to avo! 
producti on. 

On e form . " of of I . . I . r oVlllo mac 1lnm a t 1at IS P I e 
g reat v aJu . t:J cJ f JeS 

' e I S the chipless meth o · 
processes i ·I d . electro· 
o- .· d" . nc u e chemical milltng, the 
;:, 1111 tn o- 1 . nd 

I b' e ectro-spa rk electrolytiC a . 
u tra -sonic AU ' r Jnole 
of l · of them utilize one 0 he· . 

mec 1ani J h · al P ca ' c emical or electriC 
nomena to . 

l emove metal. on-
An en o- ine . t ·y c 
· b er Ill the aircra ft indus _1 !953 

Ce ived the h . l Jll 
an I I c emlcal milling meth oc been 

c lle m ost f - . · has 
on al . t equent a ppltcatwn nent 

llmlJ1um . h d reJop• ·k . ' owever present e' ·c111 
Wot IS a · d ' henll 
mill" H~e at extending the c 1'here 

Ing apph · Is 
. ca tiOn to to uaher meta · 1"he 

at e 11 0 CUlt" b 55· 
po rti on . m g too ls used in this proc~hile !l't 
ine ·t to be Worked is left blank \I ·tioJI 

• m ask · pol 
not I . 

1
ng ma teri a l protects the . ljJI)' 

Je in a c1 I . Is sill 
etch tl b . la ngec . Th e chetlll ca d !l reil · 

l e des t r c1 . ose r • '1'1 e pattern on the ex p . . tarfi n. , 
l e e lect · rtictJ .. 

ly 1 o -,.park method looks P9 d . 111!1 · 
pro misin o- ] h r eJ 

t .· 
1 

t:> as we move towa rc a . 11 0 
e tl a s In tl . I" tie oJ I 

1-e l · · 1ls meth od there is Jl 9 11c 
a tt ve lll ot' I k ieee 

th " . 10 11 Je t ween the wor ' P . ct tJ· 
e cuttlll g" too l The cttttin g too l JS a .. d 

a ll y a n l . ~ destl e 
e ectrod 1 ] the I cunt e t 1at proc uces 

1 
-trica 

ene ours by pulsa tin a cha r aes of e ec f the 
rgy which c1· · b "' -[':lee 0 

llleta] 
1

, 1Sinteg rate the sut '. to t]1e 
· here · J"n!l t cl 

t C>tnple . . IS a ppa rentl y no 1 chiiiC 
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and, due to . 
d Its inh 

har er the erent 1 . . . 
n1etal th c latacten sttcs, the 

of the pr0 e better tl cess. 1e performance 

U LTRA hi o- h 
tens · t:> speed cutr o· . . . . 

tve a ttenti o tn t:> ts recetvtn g til-
high stren o-t) n a t the . . 

. t:> 1 ma te. · I Pt esent ttme. 1l1e 
rsomc · It a s 11 pe a ll·cra ft ecessa ry for th e hy-

·e appr and mi ·1 at Oachino- th . sst es of tomorrow 
AJuminu · t:> e 1'11]) 'bl 111 ts an osst e to machine. 
C tter l easy Ill t . 

u speec s up t a enal to machine. 

minute are Practic:] l~ooo surface feet per 
loys toda y are · . ardened titanium al-

f lllacht d 
sur ace feet per . ne at less tha n 100 
. t ·h llltnute A . tuna es t at ma .1. . • · t ecent stud y es-

. t c ltntn<Y 1 · h 
r es Is ant alloys b t:> 11g ~ tren gth , heat-
would require f y conventt onal meth ods 

f h . our to te . 
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reqmred for tJ ace and man-hours now 

I le sam 
num a loys. e q uantiti es of a lumi -

The Air p 
. orce is su ) . 

determtne the f .h . . I portmg a project to 
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surface feet per . ge of 30,000 to 50,000 

. . l llltnute . h 
matena s . On . Wtt the new ha rd 
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spee lllachinin o- . . ts theory of high 

d t:> Is Inter · . 
place a too[ 1 ·t · est111 g. An enam eer 

. ) J tn th . t:> 

then fired a wo rk . . e muzzle of a rifl e a nd 
to stud y the c t ptece across the tool bit 

J
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' rom a "' 
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Power roll forming is another meth od that 
has proven successful in forming sheet stock 

or blanks. Rollers traverse the sheet while it 

r otates on a mandrel. The fini shed part is 

strong and has an excellent surface smooth
ness. Shapes and forms of most turbojet en

gine and missile components are round and 

symmetri ca l, and roll forming has ex tensive 

applications in these fi elds. And look at the 

savings. To produce identi ca l parts, the forg

ing machining method would require a 369-

pound blank while the roll forming method 
requires only a 65-pound flat blank. The fin 
ished weight for the part is 50 pounds. Roll 
forming sa ~' in gs on materia l a lone wou ld 
amount to about 83 per cent. If the materi al 

were titanium, the dollar sav ings wou ld be 

about $2,400 for each 50-pound part. 

NUMERICAL control of machine too ls has 

been described by one major aircraft 
manufacturer as the most radi ca l manufactur
ing improvement in the life span of hi s com

pany. Simply, numerical control is the guid
ing of a tool over a piece of metal , without 

human intervention, by a series of instructions 
which were previously reco rded in numerica l 

code on tape, film or cards. Numerical con
trol s have been app lied to skin mills and pro

fil e and contour milling machines. It is be

ing extended to cover such ope rat ion as 
point-to-point po s iti on in g in jig boring 
equipment a nd spot welders. 

Studies indicate that the numeri ca ll y con-

troll ed tools wi ll show an increased perform
ance ra ti o fr om three to ten Limes as great 

as conventi onal production m ethods. There 

are other benefits, such as less set-up time, 

g rea ter accuracy of dimensions, elimination 
of human error and less material scrap. N u

merical control is being widely adopted 

throughout the aircraft industry to produce 

a better part more economica lly. 

T HE story of electronics problen1s and pro

gress takes us to another area of manufac

turing methods where we are concerned with 
miniaturi zati on, high reliabi lity, automatic 

assembly a nd , of course, lower costs since 
nearl y 50 per cen t of the Air Force pr·o 

cure-
ment dollar toda y goes for electronics and 
associa ted components. 

The operational capabilities brought about 
by electronics cannot be exaggerated E· 

1 · ec-
tronics has increasing ly rep laced t11e f unc-
tions of the pilot to an extent that only the 

irreplaceable factor- human j udgrnent - re
mains beyond electronic so luti on. 

Tubes in electronic assemblies have been 
a trouble spot. Severe shock, vibration and 
temperature conditions, apart from the grea t 

problem of reducing size and increasing per
formance, are so me of our tube problems. 
Ceramic Lubes have provided a few soluti ons. 
Receiving Lubes made of ce ramic, now in 
limited production, perform sa ti sfactoril y at 
tempera tures of 350 degrees Centigrade and 
can withstand shocks of 1,000 times the pull 

TUBE MINIATURIZATION 
(ACTUAL SIZE) 

FINAL TRANSISTORIZED 

ORIGINAL 

CONVENTIONAL TUBE 

MANUFACTURING METHODS 

1st STAGE 

MANUFACTURING METHODS 

2nd STAGE 



of g ravity. The first ceram ic tubes produced 

hy laboratory methods cost $150 each. The 

estima ted cost by pilot line prod ucti on is 

Jess than $5 each . The Air F orce has a re· 

quirem e nt for 100,000 of these tubes each 

year. R egardin g s ize, an illustration on this 

page dramatically reveals the progress made 

in making a tube smaller whil e increasin g 

production . 

T
HE oldest form of the metal working art 

is casting . The methods we are usi n <T to-
o 

day are a far c r y from s imply pouring metal 

down a h ole in a sand pile. Specia l sands, 

using a n o rga nic binder, today produce cast

ings of surface s moothness a nd accuracy of 

dime11 , ions that were undreamed of a few 

years ago. Beyond this casting techniq ue we 

are experimenting with molds made of p ure 

ceramic materials which are fi red and a lazed 
b 

under very high temperatures to produce a 

mold of g reat acc ur acy and a finish as 

smooth as the best chinaware. 
The casting process offers the best chance 

to produce a part th a t wi ll closely approx i

mate the fini shed part. This cuts down the 

amount o f m achining required and permits 

the use of m ore general purpose machines, 
rathe r than the huge, specialized machines re

q uired to fini sh crude castings. For exa m

p le, a landing gea r door made from a one

p iece castin g, rep laced 55 stamping held to · 

geth e r by more than 1,600 rive ts. J n anothe r 

case, a landi ng gear fork was made from a 

s ing le casting whi ch was .'i pe r cent stron <Ter 

and 25 per cent lighter 11·e ig ht th an th~ee 
fo rg ings form erl y r equired. 

Casti ng h as a vital ro le in th e manufactu r

ing revoluti on that is now takin g place. 

Melting mater ia ls is anothe r fa cet o f bas ic 

industr y wh e re encourag ing prog ress is be

ing made. The vacuum furn ace h as been 

g reat ly improved and today 1r e a re m elting 

titanium , zirconium, hi gh a ll oy steels and 

o ther mate rial s whi ch a re remarkably free o f 

~mp uriti~s a nd possess improved properti es. 
These hrgh perfonnunce jnctals are u-ed in 
turboj et enp- in es. mi ss iles and alomic re:lC

to rs . 

A furna ce is in opera ti on today wl1 ich util

izes a n electron beam emitted .hy tungsten 

filam ents under high vo ltage and in a hi gh 

ya cuum as a so urce of hea t. T hi s is th e e ra 

of th e e lectro n heam furn ace. and a ola r fur

nacf' utili zing th e fanta sti c hea l nf th e s un 

j ~ th e nex t s tep. Beyo nd thi s is a neutron 

furna ce whi c l1 w ill conn· rl th e mela l to ga:;; 

a nd recom·e rt it to a puril) a t tempe ra tures 

fa r be ) oncl toda) ·s co ns iderahl f' 111 agnitudes. 

La hu ratur) cur ios iti es loda) are s 11 ifl l) lw-
• 

1
u· tumurro11 ·s rea liti t>;;; . 

1 ·o II J/ I .-
lVJ j/1 prol.le JII ~ a re anot he r s t•gJJJenl o f manu-

l](' f f' IllljJI"O Vt' Jilents are uru enlh 
1·. ·t·ure '' . . " . ac I .

1
., • airl'rafl JJJrlu s lry requ ire~ Lita niu 111 · rf(' ( . J( 

11 e t · ' . • 1,1; 11 /e-;; "ted ;:; heeLs ancl sleel all o1 
;1f/ ol ~ ht • J ,,.. . · f 11 ,,.e r a nd "idf' r a nd hf' ld tr• 

f 
I an> u .-

~/wt· l ~ I " ' . 1,/J-rct JJ Cf'. If '1e wrre t. n 
I . /-. lit '~ ~ 

1
-1• 1·i-' f' I J/1 " · ·r1.j 11 f thiJ"kn f'F<s tole r-

ance on a wing surface of 4,800 square feet, 

the re would be a lmost 2,000 pounds of over

weight. Longer and wider sheets will pro

duce better load distribution and weight r e

duction . J o ints increase weight and , by re

ducing or elimina ting them, eng ineers can 

des ign toward th e ulti ma te. 

Meth ods eng ineerin g embraces s uch prob-

AERODYNAMIC HEATING 

MISSILE · ·-.. ~~ 
FIGHTER . 

I ~ ' '\ • o 

AIRLINER .. ·. 
0 I I t•,,, I 

AUTOMOBILE 

!ems as producti on of jewel bearings, fu els, 

lu bri can ts, p lasti cs, welding, inspection de

vices and th e hundreds of other problems 

that haven't a more co nvenient ca tegory. 

J e1rel bea r ings, which a re a vita l pa rt of 
ou r advanced g uidance and contro l syste111s. 

prov ide an exa mple of our efforts in manu

fact urin g meth ods. During Wo rld Wa r II. 
Switzerland was our on ly source of suppl y 

fo r j ewel bearings . Getting th e bear ings out 

of Switzerla nd was a cloak-a nd-dagge r exe r

c ise that ri vals th e H oll ywoo d vers ions o f un

dercO\·er warfa re. Today \l"e are comp leteh

reli eved o f dependence on a fo reign supph· 

of jewel hea rings. We have mecha ni zed th e 

producti on of syn theti c jewel bea rin gs to a 

point wh ere we a re able to produ ce SS,Qf)() 
blanks in an e ig ht-h our day with on e m a 

chin e, compared to a fo rm er ra te o f produc

ti on of 300 to 400 a day by one person. 

Sand11·ich materia ls- us ing very thin gaf!e 

sheet metal exte ri ors with honeycomb or cor

rugated co res- have provided a so luti on to 

toda \ 's sea rch fo r stru ctural mat eri a l wi th a 

fav o rabl e . treng th-to-weigh t ratio. Sandwi cl1 

tJJ ate ri a ls are b e in g extens ively used , b ur 

th e re i · a need fo r auto mati c fabricati on ma

l" hin e ry to lowf'r rh e cos ts. 

THE whoi P fi e ld o f manufa<.:luring n1 elh od ~ 

wou ld requirP vo lu mes to descrihf' . These 

l•ri ef hi !!·ldig·ht s iJJclica lf' ()Il ly a few of our 

prublems. a lon)! 11 ith tlw dirr <.:Li on ;::o JJJ e uf 

our e fTor ls arf' lak ing to soh e th em. 

Wha l 11i ll th e s peeds. a llilu fl e:< a 11 d lenJ

p P r a lur es ),p ttlll!ltiT0\1· ? T oda) \I f' havl' 

r eaP I H~ d sp eeds jusl l•eyo nd lVJal" h 2 in 

ma nn ed a irna [l: lt !lll Orro\1· that s peed will 

be Mach S. a nd in mi ss il f' s th e spPecl w ill 

he Mach 20. S kin temperatures will reacl. 

3,500 degrees Fahrenheit as we plu nge deeper 

and deepe r into th e " the rmal thi cket. " The 
chart accompa n yi ng this ar ticle shows how 

thermodynam ic h eating increases, starting 
wi th automobi le speeds to missile speeds. The 

temperature rise is far out of proportion to 
th e ir:1c rease in ve loc ity. 

VELOCITY TEMPERATURE RISE 
(due to speed) 

754 MPH 

300 MPH 

60 MPH 

' PlANES ' 

A ltitudes today :~ re peaked a t about 160 
miles. The re is no limit on the altitudes we 

will be using LOJII OIT0 \1" , a nd with these limit

less he ig hts will co me th e problems of inter

s tellar dust, cos mi c rays a nrl unkn o\1·n fi elds 
o f force. 

T HERE a re lit e rall y th ousands of avenu es 

to exp lo re in our search for n ew materials. 

Here a re so n1 e of th e ne11· exo ti c material s 

11·e a re conce m ed with today : Zirco nium. 

ni ob ium, paladiun1, la nthanu m a nd columhi

tun. A ROC is a lso cloin cr work with radio · 
0 

acti ve iso topes lo s tudy the ch anges that occur 

in bas ic meta ls when they are s ubj ected to 

nuclea r rad iation. Tungste.n 111 ay be changed 

lo some ) el-unnamed mate rial that 11·ill lun·e 

g rea th· enhanced prope rti es. \V e have today 98 

c lements a nd more l h an 300 isoto pes fur 
bu ildin g new Jl Ja te rial s . 

. The re prnl•aldy neve r lrill he a producti on 

aircraft o r miss ile made frnm a s in !!le ma

l ~ rial. Des ig ners wi ll s pec ify ma terials for a 
n·1ven are "' ·I · 1 t fo1· " . ' " '1 Je rp 1Ls propr rlies a re JeS 
th e Jnh to IJe d()ne, a nd in add iti on to met
a ls. we will l1o .· · 1 1 t " c~ 

' l! S ilil! f"C'I"a inJ CS a nC jJ llS I ·· · 

T hP ullilll a lt• nJalerial m · are seek ing, o f 
t " IIUr~ e. is )Jr·•l·L·, ··· 11 · 1 1 · fi "t·el\· · • <• Cd y 11 l' Jg 1L ess; 111 1111 . 
~ ~ron o· · res is ts · 1 ·11 · . "' ' · an) Ct' !:!Tee o f heat: 1111 s. nHl· 
l" hJne;:;. casts. ex lrucll's and for cres, with g reat 

Pase. and_ th e cnst is neglig ibl:. We haven't 

lound thJ s JJJalcri a l \ el. l•ut we do have a 
11ame for it \\ ' . II . . , . ., 

· t ca 11 ·un uhta inlliJI J. 

T hou!!h "·e n: r·ng ni zp lh t· \'e r r fonnidahl l· 

p rohlenls be fore· us and lhe fa~ l thnl '"uch 

\\·o rk need;:: l. o lw doJw. Il l' d o fc lrlw l we a re 

Ill! th e pa th l.o StJt ·, ·rs;:: in 111:111\ o f our ef·forl 3. '' I' I ···•"" ''r 
f 

• , , ,., · ~ · ·" 
II • ' ' I ' ' 
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Slowdown Brings 
Major Problems 

(Continued fro m Page 1) 

of about $40 billion for the year. 
r,A This meant tha t expenditures by the 
- military services would have to be 

reduced. As a consequence, many 
military aircraft contracts were 
stretched ou t, cut back or cancelled, 
with th e results mentioned above. 
In additi on to manpower , facili t ies 
and overhead reducti ons already af
fected, the industry mu st make 
more. As far as possibl e, empl oy
ment decreases will be made by nor
mal employment turnover and r e
duced hirin gs, but it becomes obvi
ous tha t thi s will not be quite 
enough. T here will have to be more 
layoffs, perha.ps heavy ones. 

The first contract r eductions, de
creed in July and Au gust, were not 
enough. The expenditure ra te did 
not go down to the extent ex pected, 
so a few weeks ago the aircra ft 
industry was told by th e Air Force 
tha t existin g contrac ts wo uld be 
paid for only to the extent tha t the 
Services co uld afford to pay-on a 
monthly basis through December, 
and qua rterly therea fter. T his means 
tha t, regardless of cost, any amount 
on any contract over the allotted 
paymen t, maintaining th e present 
level of effort, will have to be fi
nanced by the companies themselves, 
with reimbursement by the Govern-

A ment postponed to some undeter
W mined ~uture ti~e . T he Navy, of 

co urse, IS also takm g steps to reduce 
expenditures. 

Just wha t thi s will mean to the 
aircraft , engine and systems an_d 
components contractors, a_nd theu 
subcon trac tors and suppli ers, has 
not been full y de termin ed . 

If the a mounts to be pri va tely 
fin anced a re as large a s some com
panies fear , then i t becomes a ques
ti on of wheth er th ere is enough 
money ava ilable fro m th e_ private 
banks to take care of th e <;I JIIerence, 
or wheth er th e lines of credit will 
stre tch that fa r. If not, then it a p
pears obvious th a t th e wo~k loa?s 
of th e indi vidual comp ames will 
have to be fur ther reduced. Thi s 
would mean tha t more reductions 
in the aircra ft and missil e programs 
wo uld h ave to be made. To add to 
the problem, th e Government does 
not all ow interes t on borrowed fund s 
as cost of contrac t. It mu st come 
out of ea rnin gs, which a re already 
ha rdl y more than half the na tiona! 
industry avera ge. . . 

Under normal a nd or~ma r y Cir
c umstan ces thi s problem IS one tha t 
is considered by bo th the Govern
ment a nd the contrac tor before a 

-

contra ct is s igned. I nteres t charges 
. bnormall y la rge loa ns under 

on a . h" I 
extraordinary cu cumstances . w IC 1 

the contractor h ad no part Ill cre-
atin g constitute a bu r~en which 
some contrac tors may hnd impos
s ible to carry. 
Wh~t effect a ll of t l~i ~ _ma y have 

0 11 o ur defense ca pabili ties, I am 
not pre pared t? say. Certainly, we 
o f the aircraft Industry can have no 
vali d opi ni ons of what our force 

' P LAN ES ' 

levels should be. It is our job to 
develop and produce the best mili
tary aviation equipment in whatever 
a mounts and on wh atever schedul es 
are deemed necessary by the Serv
ices th emselves. 

One thin g is certain , however, in 
view of these cutbacks and stretch
outs, and this is an inevitably sharp 
rise in th e cost of each unit pro
duced. 

The effects of th ese chan ges on 
the a ircraft ind ustry are extremely 
serious. The industry ex pected a 
gradu ally declining ra te of produ c
tion of a ir planes, but we a re in the 
midst of wh at we consider to be a 
sudden drop, with little time to ad
just to it. It has all ha ppened over 
the last three and a half months. 

No accura te readin g of the fall
ofT in employment in the industry 
can be forecast. If, as some esti 
mates hold , the industry employ ment 
total will drop to around 800,000 
from some 900,000 now, then i t will 
bring us back to where we were 
ea rl y in 1956. But these effects will 
not be uniform. Some companies 
will feel them more tha n others. I n 
any case, th e aircraft industry still 
has a tremendous job to do, design
ing, developing and producin g the 
a irfra mes, engines and components 
for both our mann ed an d unmanned 
a ircraft in a ll services. 

The a ircraft industry is tryin g in 
every possibl e way to coopera te wi th 
th e Govern ment in this tim e of fin an
cial di stress, even th ough some 
manufacturers a re hard hi t. In as
sumin g th e ab normal and extraordi
na ry burden a ri sin g from this prob
lem, parti cul a rl y ra pid reducti on in 
outp ut , one ext remely im portant e f
fec t in th e nati ona l intere t ca nn ot 
be ignored a nd th at is - sudden 
brakes cann ot be put on thi s grea t 
an d complicated industry with the 
ex pecta ti on of ra pid acceleration 
when th e trou ble has passed . Once 
slowed, it wi ll take an aw ful lot of 
ti me before we can pi ck up s peed 
a g:a in. 

In modern Am erica, a communi
ty's ai r port may fai r ly be regarded 
as it s gateway to th e future. 

MIUION HOURS ROWN 

1946 

1956 5 

PRIVATE AIRCRAFT 

. 1954 18,600 

1956 23,000 

Heat and Noise of Supersonic Flight 
Duplicated in Cockpit Test Program 

As supersonic a ircra ft continue 
to fly higher and fa ster , can man's 
fra il system continu e to cope with 
the problems of cock pit heat , noise 
and other distrac tions ? 

I n order to find out , one a ircraft 
manufacturer is conducting a seri es 
of tests in a gad get-loaded cockpit 
of a " Century Seri es" fi ghter , tied 
down in a tes t labora tory. Usin g 
banks of infra- red li ghts, the re
searchers ca n du plica te in the cock
pit ac tu al fri cti on hea tin g conditions 
enco untered in fl yin g Mach 2 ( twice 
the speed of sound) fighter aircraft. 

T ape recordings pipe into the 
cockpit the actual noise inside the 

'Pressure Cooker' Bonds 
Wing Assemblies 

A pressure cooker bi g enou gh to 
roast the legend ary P aul Bunyan's 
Blue Ox, Babe, ha s been installed 
a t a western aircraft fa ctory. In
stead of turnin g out such savory 
d i ~b es as roast beef or l amb stew, 
however, thi s pressure cooker per
forms a metal-bonding opera tion on 
tra ilin g edge win g assemblies for a 
new tu rbop rop airlin er. 

The new 100,000-pound , kin g-size 
pressure cooker is more properl y re
ferred to as an a utoclave. It is eight 
feet in dia meter an d 22 feet long. 
It works o n th e same principle as 
a kitchen pressure cooker, a pplyin g 
th e heat and pressure necessary to 
join component part s into assemblies. 

Parts to be bond ed are placed in
side, th e lid is fa stened, and th e 
"cookin g" is done a t 350 degrees 
Fahrenh eit a nd at pressures up to 
200 pound s per squ are inch. The 
a ircra ft manufacturer reports that 
the new autoclave metalbondin g 
method for joini ng assembly part s 
is rap idl y gaining favo r over r ive t
in g and welding methods. F urth er
more, meta lbondin g by the a utoclave 
is considered vas tly superior to that 
done by hydraulic p ress, attain in o
a more even di strib ution o f p ressur: 
for the bond . 

"offi ce" of a production fi ghter in 
fli ght. Various other dis trac tions can 
be introduced a t will by the research 
team. Humidity and wall and air 
temperatures can be controlled. 

Within the shrouded cockpit sits 
a test pilot, a ttired in a fli ght suit 
and helmet. Everythin g is just as it 
would be in fli ght, with two excep
ti ons-the pilot never leaves the 
ground , and he is a dorn ed with a 
maze of wires and rubber tubes con
nectin g him to an impressive bank 
of recording in str um ents. 

The scientists watch such items as 
pul se, r espira tion, body tempera
tures from several loca ti ons, blood 
press ure, heart ac ti on a nd general 
body e fficiency. P sychological as well 
as physiological r eac tions are ob
served during th e test run s. The 
pilo t is asked to perform a compl ex 
mental ta sk whil e und er heat and 
noise conditi ons, and th e scienti sts 
simultaneously reco rd the accuracy 
of hi s perform ance. 

Thi s helps th e resea rchers estab
lish th e point a l wlti ch cockpit. hea t 
and noise and the r esulta nt discom
fort he rr in to cut into a pilot's men
tal ami" ph ysical effi ciency. Accord
in rr to one of the leaders o f the tes t 
gr~up , th e purpose ? f th e research 
is " to help our designers to build 
an airplane in which p ilot effi c iency 
is just a s much a factor in perform
a nce as lop speed, rate of cl imb. ami 
all th e other esse nti al s." · 

Flameout Finish 
J et engine fl ameouts-one of th e 

few remainin g haz.a rd s pec uliar to 
j e t fli ght- may become a thin g of 
th e past hy mea ns of a simple auto
Inat ic j et engine re ignit er. The new 
device is littl e more tha n a pl a tinuHI
all oy rod smaller than a cigarette, 
a nd with no el ec trical connec tions 
or movi ng parts. T he rod, which has 
hea t re tentiveness, is kept a t colll
bustion tem pera tu re by the j et en
" ine's r e<Y uh r operations, a nd ac ts 
:-., O (. • " l T l J rr" 'Vhell as an a utoma t.I c g 0 ' ' Jl l "' 

a fl ameout occ urs. 



EYE ON -PROGRESS 
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0
f a mo ern een th e bearing and 

shoft h0 se between l=lrroscope are closer 
thor1 ~J'lg. And a specCl human eye and its 
cover1 between th k of soot could cause 

·on e t"vy k' h frictl ble ·1ust a h o parts ma mgt em 
. era s I k I .nop the huma e same spec cou d 
affect n eye _ Production of pre-
. . components ha 1 d cJs1on d s p ace manufactur-

ing demon _5 on the aircraft industry 
unexceeded 111 any other manufacturing 
process. 

' PlANES • 

Laboratory Huffing and Puffing to Guarantee 
Pressurized Comfort for Airline Passengers 

The re 's a smoke-fill ed room at a 
West Coas t laboratory and not a 
sin gle politic ia n around. 

. All thi s puffin g o f cigare ttes a nd 
p1pe tobacco is a imed a t ins urin ()' th e 
flyin g co mfort of passen ()'er; in 
A me r ica's new a ir condi ti o~ed a nd 
press uri zed tran sport a irc ra ft. 

Engin eers found that cabin pres
s_ure reg ul a tors a nd valves co llec t 
tm y smoke par tic les whi ch. in tim e 
co uld ca use a n a ir conditi onin g sys: 
te m to freeze, makin g the cah in 
s tuffy and un comforta bl e 
. Th e alt itud e l abora tor~ s im ula tes 
Ill one day a ll th e smoke a irlin e 
pa ssengers will puff in lO years. Th e 
!)I essure r_eg ulator or va lve is placed 
1 ~ the a ltJtu de cham ber to simulate 
fi1 g ht conditi ons, 
. O utsid e th e cha mber. pipe tobacco 
I S burn ed at th e rate of on e pound 
eve ry four minutes. Th e smok e is 
du c ted through on e end of th ~ 
ch a mlJer. throu gh th e regu la to r o r 
va lve. a nd drawn out th e othe r end 
by a vac uum pump. 

_A fte r th e unit has und ergone thi s 
t htrt y -~wu r tes t. it is th en chec ked . 
T echn1 cians find th at tin y ta r par
ti cl es on the un its would ordinari ly 
ha mpe r th e ir fun c ti on e xcept for one 
reason . Eng in eers mak e a ll owa nces 
in tol e ra nces fur th e t.a r p a rtic les. 

In add iti on. a fi ll e r is ins ta ll ed on 

Shelling Out Jets 
For th e Nuw-We"ve-Heard-Eve r y

thin u· D epartm ent : A t T inker A ir 
Fnrc"'e Base in Ok l a l 1 0 1~a p ry. j e.~ 
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es ar e !!e lt1ng the1r throats 

I' 
111 eel 0 11 t w ith a mi xture of 

.; W<J J ) . d f 11 I . · · n xiJ e a n . o a t 11n gs. 
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all control element s of the sys tems 
which block h a rmful tobacco e le
ments. These filt e rs are so effec tive 
tha t if used in c iga re tt es. a smok er 
would no t inhale any sm oke. 

These smoke contamination tes ts 
a re only one o f thousand s of tes ts 
ma de on a irc ra ft sys tems th at mean 
dependab ilit y for U. S .-built a ir-
c ra ft. , 

Surgical Garb Needed 
In Missile Assembly 
Bu ild e rs of mi ss il e cont rol sys

tems. which a re d elica tely sensitive 
to du s t particles. may be co nfu sed in 
th e future with surgeons, so simil a r 
is the work in g garb th ey are to he 
issued. 

Accord in g to orde rs p os tP. rl r e
cently b y one mi ss ile component s 
firm. eac h mi ssil e control sys tem em
ployee will wear a s urgeon-t yp e ca p, 
white. Ju s t-a nd-lint-free co ve rall s 
a nd c re pe-soled white loafers. E ach 
wo rk er wi ll be g iven hi s ow n pa ir 
of sh oes. whi ch he will sli p on in 
" du s t locks" just o uts id e th e doubly
enclosed a rea wh ere the minia ture 
assembli es wi ll he put togeth e r. 
Dust-free di sposa b le h a ndker chi e fs 
will be iss ued each person ass igned 
to s uch a rea s. Eac h person mu st 
wa sh hi s ha nd s in th e du st lock be
for e ente rin " th e res tric ted work 
a reas. and n ; loose personal ar ticles 
may be tak en in s id e exce pt billfo ld s. 

All pri nt s a nd s pec ifi r a tiun s w ill 
be printed on mat e ri a l free fr om 
ha rmfu l wood fil le rs. Ball po int p ens 
w ill be used exc lu sively. e limi na tin g 
!Pa d penc ils a nd e ra se r~-o ft en the 
' ource of du ~ t. 

S uc h preca ution s a re vitall y nPc
e,sa ry in mainta in ing s urg ica l r lea n
l111ess in the wo rk a rea' for 1ni s, il e 
co ntrol sys tems. 

'Self -Sacrificing' Metal Coat Protects 
Vital Plane Parts from Corrosion 

A new "self sac rifi c in g'" meta l 
coa tin g pro::ess has been d eveloped 
by th e a irc ra ft industry to protec t 
vital aircra ft parts agai ns t co rrosion 
a nd loss o f s trength, 

Cadmium, th e " ma rt yr'" metal. a l
lows itself rath er th an th e a irpl a n e 
part to become ox idized, 

The cadmium coa tin g is ap pli ed 
to landin g gea r parts. bolt s. fittin g~ 
a nd fa s teners thro ughout the a ir
plane . Th e pl a ne parts are " pla ted " 
wi th cadmium in side huge vacuum 
chambers 5 fee t long a nd 5 feet in 
di a meter. 

The process is appli ed to co m
ponents made of ultra-hi gh-s treng th 
s teel s w hi ch a re ca pable of wi th-

U.S. Aviation Today 
Now 'Best Seller' 

The 1957 edition of U.S. A viation 
Today, a com prehensive. pictorial 
account of av ia tion in the United 
S ta tes has become on e o f the nat ion 's 
"best selle rs." 

Evan Eva ns. Executive Direc tor. 
Na tiona l Avia tion Edu ca tion Co unc il : 
r epor ts that he believes th a t the 
bookle t has found such wide read er 
acceptance because i t present s a 
compl ete but succinc t acco unt o f eac h 
a irc raft in producti on in th e Un ited 
S ta tes. 

Publish ed by the Na tiona l Avia
tion Education Coun cil and pre pared 
in coopera tion with th e Aircraf t In
du s tri es Association, the 94-page 
bookle t with a bri ght three-color 
cover contain s photogra ph s a nd 
three-vi ew draw in gs of a ll ai rcra ft 
prod uced in th e Unit ed S ta tes durin g 
th e pas t year. toge ther with s pec ifi
C3 tions and perfo rm ance da ta of 
each , 

l•1 addi tion there is a sec tion d e
voted to aircraft. 
a irc raft e ngines, 

~ sy s tems anJ com-
ponent s s c h e d -
uled fo r fu ture 
prod u c ti o n a~ 
we ll a s s ignifi
ca nt d e v e I o p
me nt s in th e mi s
s il e fi e ld . The 
book le t a lso r e
co rd s pic to ri a ll y 
s ignifica nt avia 

ti on awa rds mad e duri n g 1956. 

Idea l for sch ool a nd coll ege c la ss
rooms a nd libra ries. U. S. Aviation 
Today is on e o f ~eve ral book le ts 
publi shed by th e Na ti ona l Av iat ion 
Edu ca ti on Coun c il. a no n-profi t o r
ga niza ti on com pri ,ed of th e na tion \ 
lea din g ed uca to rs . NA EC book l e t ~ 
a re des ig ned to enri ch th e e urri culum 
of ou r schoo ls a nd stimul a te th e 
int e res t of Am e rica n yo uth in av ia-
1 ion ca ree rs. 

U. S. Auialion Toda y may he ob
ta in ed by w ritin g to th e Na ti ona l 
Av iation Ed uca ti on Co unc il. 1025 
Co nn ec ti c ut Avenu e. N . W .. Wa sh
ing ton 6. D. C. P rir e i,.; 35 cent s pe r 
copy. Fur o rd e rs of 100 copi es or 
n1or<'. co~ t is 20 cen t' pr r ropy. 

s ta nd ing 140-ton load s per square 
inch. 

Customary electroly tic plating in
volved usin g a liquid cyanide bath 
a s a carrier o f elec tricity-ac tiva ted 
pl a tin g ma teria l s. But th a t required . , 
co mpl ex and expensive process con-
trul s to avoid embrittl ement of th e 
pa rt. 

T~t e n ew me th od invol ves placi ng 
:.t ht gh-s tren g th part in a n a irti <Y ht 
cha mber a lon g wi th a cadmi:m~ 
fill ed cru cible; evac uatin g the cha m· 
b er to one-half micron of merc ury 
pressure (virtu a ll y a co mplete vacu
u_m ) ; th en boi lin g th e cadmium un
tt_l tt va porizes a nd co ndenses on th e 
a trol ane part. 

The va c uum- pl a ting wi ll la st as 
~ on g as t~1 e service life o f the pa rt 
Itself. Ancra ft industry engineers 
spent two yea rs in oerfectin <Y th e 
vacuum process whi ch has be~n in 
grad~ a lly in creas in g prod uction use 
for SIX months. 

Aircraft Firm Aids 
Teacher Shortage 

. A southweste rn a irc ra ft firm has 
mau g urated a novel "do it yo urself" 
sch eme for bea ti ncr the en o-ineerin " 
shortau L · " " " .,e. earnm g that many hi gh 
school_ s tude nts in the plant area 
'~ e re 111 teres ted in becoming scien
ti s ts a nd engineers but were held 
~Ja ck by th e lack o f q ualified physics 
n~ struc tor s in th e h i<Yh schools the. 
a n·cra ft manufac ture~· looked' into 
the manpowe r pool at hi s own plant. 
a nd_ came up with four profess ional 
en g meers qualifi ed to teach hi <Yh 
sch ool phys ics. " 

Ea ch of th e four now holds down 
two jobs a t once. Th e en <Y ineers 
co mmut e to th e local hi gh ~chool s 
each day. teac h a c la ss in physics. 
~h en r e turn to th eir a irc ra ft plant 
tobs, Th e result is that n ea rl y 100 
b•_Ir geonin g sc ienti s ts and en <Y ineers 
Will_ ge t a chance to ea rn ~oll e()'e 
e n gm~er in g d egrees b eca use one af.·
c raft fum had the foresi <> ht to " do it 
yo urself" in hea tin rr ~h e teacher 
~ h or t age. " 

Cool Motor 
The airc raft indu~ t ry ha s deve loped 

a sma ll cam pi s ton a ir motor ca pa bl e 
of o · · pe t a tm g a t te mpe ratures of 1.000 
degrees Fahrenhe it w ith out conven
t iOnal cool ino 

U tili zing ];ot a ir. th e new a ir 
11 o to r is .1 ·· d. 1 t 
1
· . .: ' pos lttve 1s p ace rn ~n · 
lut d ch tve powe r dev ice. A typ ica l 

111 o tor · 1 d 
1

- ~ we 1g l ~ 22 pound ~. pro ~1 ce~ 
8. ,) horse pow e r at low revo luti On' 

pe r minute a nd ha s a fa , l acce le ra -
11 0,n uf less th a n .05 o f a ·econd . 
. ~he motor is gearless .. resembl e;<: . 
d lat ge ro llm g pin . It 1, abo ut 3 
In c h e~ hi g h and 13 in c hes long. 

~rh e n ew d evice has num erous ap
pltcati ons a s a new po wer so urce for 
ac tu a ti on of thru s t r eve rse rs. contro l 
,; urfa ces a nd e x it nozz les as we ll a;; 
oth e r indu s tri a l a nd nuc lea r uses. 

Prob le ms of hi u·h tL· mp era tu re u p
f' ra ti on with ou t lul1 ri ra ti un huve bee n 
minimi zed i1y us in g .-x tre1nely ha rd . 
Wt·a r rf' ~ i , t a nt a ll oy,;. 


