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Mach 2 Aircraft Entering Military Inventories 

• in Quantity, Replacing Subsonic Models 

Operational ~~ch 2 ~ircraft _tod~y 
are enterin g nuht~ry mventones. m 
quantity, r e pre~entmg ~n.oth e r maJor 
s te p forward m prov1dm g modern 

air power. . . 
Air Force wmgs and Naval a1r 

nits a r e now taking d elivery of 
~h ese ve ry hi~h spe~d pl~n e_s a nd 
th ey will be m serv1ce . wit lu_n th e 
next few month s, replacm g a ircraf t 
in th e s ubsonic a nd even s upersonic 
" peed ran ges. 
- The firs t bomber ca pabl e of speed 
in th e Mac h 2 ran~e so?n wi ll be d e· 
)'ver ed to Strateg1c All' Command . 
The bomber carries a mi ssile which 
can be fired mi les a_way before reach ­
. " th e target. Th1 s weapon sys tem 
In , ·esents a hi ghly desirable com -
Je pl , . d . 
I . . ation o f man s JU gment , a n aJr­
Jin b ' l ' f · d . ft 's relia 1 1ty o operatiOn a n 
era f 'd d . '1 th e advanta ges o a gm e m1 ss1 e. 
The plane ca n a lso be use_d for o th e r 

·., .· 011 s s uch as reconn a1ssa nce. At 
Ill L SI "1 I 2 b b . 
1 t ime dw h ac 1 om er 1s en-
ll e a oe l·vice. anoth er bomber cap­
te rJn ~ 

I I "'
0

f s peeds beyond the Mach 3 
a 1 e · ll · I d 

l·s )Jroaressm g we mto t1 e e-
ran ge "' 

~velopment s tage . . 
'W F i uhter s ca pable of Mach 2 s peeds 

~ oper a ti onal uni ts today , a nd 
are_ . 1 ~ 1959 th e Ai r Force wi ll have 
d ur

1
1n "'s t· three fi gh ter models in thi s 

at ea · d 1 N 
d cate uor y a n t 1e 1 avy will 

s pee "' h I l ( 
I th ree fi g ter typ es capa J e o 
1ave 
. '1· )' ne rform ance . 

Simi a · r t · [ I less than ten years. tn e a1rc ra .t 
. n tory o f the m ilitary services has mven -

l d d rastically from World War 
c 1an ae . I 
II "' J}er-dnven types, to su J-prope . . 
sonic turboj ets, to supersomc J~ts, 
an d now the age of planes operatw_n 

t It · )es of the speed of sound I S a mu 1p 
at hand . . 

Formerly, performance gams of a 
relatively few mile? per h_o ur and an 
increase in opera tm g a!tJtudes of a 
thousand fee t were cons1dered maJ_o r 
accomp lishments. To~ay spee? 111-

c reases a re mea sured_ 111 l\1ach m cre­
ments-about 660 m1les per hour at 
opera tin g altitudes-and altitudes 
in creases o f several thousand fee t. 

Mean while, th e a ircraft industry 
has continued to modify and perfect 
the subsonic bomber fl eet, increas­
in g its performance and combat 
capability. Th_e long-ra nge bo~nbe 1 s 
now bein u d el1 vered to SAC un 1ts, a l­
thou gh they ca_rry t_he same num er­
ical mod el des1gnat10n , a re a ctu al)j 
a fa r sup eri or weapon to th ose firs t 
d eli vered. 

A lon cr with th ese a ircraft perform -
a nce j u~nps , th e aircra_ft and mis~ile 
indu stry has placed m produc tiOn 
inte rcontin ental and interm ediate 
ran ae balli st ic mi ssil es a nd a wid e 
varfety of mi ssil es d e igned for air 
defen e and offense. 

Th e ava la nche of di scoveri es from 
th e r esea rch laboratori es of the a ir­
n a ft a nd m issil e indust ry a re bein g 
rapid ly 1 rans fe rrecl to th e a ssembl y 
li nes to in sure thi s nation 's s uperior ­
it y in air. mi s il e a nd space power. 

~lectronic Power Steering 
Ystem Is Developed 

for Supersonic Fighter 
A.n electronic power s teer1• te111 d . d f n o- sys­

fi h es1gne or a new supe;sonic 
. g ter-bomber makes s tee rina the 
Je t-..__which takes off and lands at 
: ; eeds between 150 and 20Q miles 

f 
1 !1 our- as easy as s teerina the 

a nul v ca r. "' 
Mo-re than 2,000 hours of enai-

neer· - d 'I "' ~ng t1m ~ a n p1 ot r eaction 
s
1
tudies went mto the final d esi (}' n of 

t
1
l e sys tem to ta ilor-make it to 1"' atch 

t l e average pilo t's physical 
11 

1 reaction 
c laracteristics. 

D_eveloped by two a ircraft co m­
pan~es, the assembly consists pri­
m anly of two potentiom eters a 
tra nsistorized ampli fi e r. a se'rvo­
mechanism a nd a hydraulic unit and 
s tru ctural linkages. 

When the pilot nud ges the rudd er 
ped 1 1· · I · · k a , t 11 ~ Signa IS piC · ed up by 
one potentiOmeter, amplified and fed 
to the servo th a t _t urn s the wh eel. 
The other potentiOm eter measures 
t~1 e change and relays th e informa­
tiOn back to th e servo when it is 
lim e to "close the loop." The entire 
seq uence is accompli shed within 
thousand th s of a second . 

Conventi ona l mec hanica l s tee rin g 
systems were too s low to co pe with 
th e hi gh-s peed la ndin g and takeo ff s 
of th e supe rsonic a ircra ft. A half­
s~col!d delay in r espondin g to th e 
pdors s igna l, or a n infinites im a l 
amou nt o f " play" in th e s teerin a 
a rra ngement co ul d mean the j e~ 
wo uld plunge off th e runway_ 

Th e new sys tem g ua ran tees com­
plete cont rol of th e j e t on t he grou nd . 

Procurement Law 
Change Proposed 

The U. S. aircraft and missile in­
du s try to day h as res pons ibilities un­
paralleled in industrial history. This 
industry has the same obli gations to 
stockholder s a s all other manufac­
turers, but more than corporate suc­
cess hinges on its actions-the ef­
fectiveness of our national defense 
program, our role in space explora­
tion is directly involved. 

This places a vital premium on 
the necessity for prudent, imagina­
tive decisions by management in 
the aircraft and missile industry. In 
addition , technological progress in 
the industry is so rapid that a sound 
decision made six months earlier on 
the basis of available knowledge can 
be nullified by a major technical di s­
covery_ And even the best decisions 
can be hamstrung by administrative 
wles not gear ed to a fast-moving 
technology. 

Set By Coug,-ess 

Approximately 80 per cent of th e 
gross sales of the aircraft and mis­
sile industry are made to the Gov­
ernment The detailed regulations 
are establish ed by skilled procure­
ment personnel in the Department 
of D efen se, but much of the basic 
policy direction and, in many cases, 
actual proced'ures are set by the 
Congress . Consequently , the aircraft 
and missile industry is vitally con­
c~rned with Congressional actions 
smce they are major fac tors in man­
agement determination s of weapon 
project investments. 

The new congr ess which convened 
thi s month will take up new legisla­
tion _e ffec tin g the industry, a nd will 
cons1der chan ges in existin g laws. 
One major bill- introduced durin g 
th e c losin g d ays of the 85th Con­
g ress a nd schedul ed to be introd uced 
in th e 86th Cong ress-contains 
amendm ents to th e a c t aovernin g 
d e fe nse purcha es. The b~oad pur­
pose of the bill, accordin g to its 
s ponsor , is to achi eve efficiency a nd 
economy in th e proc urement process 
through th e use of th e fr ee co mpetl­
t~ v e indu stria l syste m whose poten­
ti al ca_n be rea li zed only i[ ad equ ate 
Incentives a re offered . 

Th e exact na ture o f chan ges wi!l 
not be kn own until th e ne w bill JS 
in t rodu ced. a nd hea rings a re h eld 
with bo th Government a nd industry 
wi t nes ;;es off erin g o pinions on the 

(See Al A, Page 7) 
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Plane Vie""s 

ONE HUNDRED JET BOMBERS WITH 
NUCLEAR WEAPONS CAN DELIVER 
300 000 TIMES MORE EXPLOSIVES 
THAN 700 WORLD WAR II AIR­

CRAFT. 

0 TIMES 
300,00 PLOSIVES 
MORE EX 

A STRUCTURE THEST~~~ 
OF THE EMPIRE E 
BUILDING WOULD B 
REQUIRED TO HOUSE 
THE ELECTRONIC COM­
PUTERS NECESSARY TO 
EQUAL THE PROCESS­
ING CAPACITY OF THE 
AVERAGE PILOT'S BRAIN. 

AIR QUOTE 
"There is always a great temp­

tation to lean heavily on tradi­
tion. You will recall that when 
the aircraft was first invented, 
very few men recognized its mili­
tary potential. Those who did, 
were partially stymied by tradi­
tional thinking, and the useful­
ness of th e aircraft as a weapon 
was not fully exploited. Thus 
wh~n World War I began, the 
Umted States was far behind 
other nations in aircraft and 
engine performance. 
. "Today, the Air Force's tradi · 

twnal weapon - the aircraft - is 
bei'?g challenged by unmanned 
vehicles . But with us in th e Air 
Force, mission performance is 
the. answer. If the unmanned 
v~hicle can do th e job better, it 
Will be used 1£ the ed . 1 · mann 
v~lnc e can do the job better it 
will be employed. ' 

" . · ·. Thus far, examination of 
the vanous possibilities before us 
indicates that Air Force wea pon 
sy.stems of t.he future will be 
mixed- that Is, we will need a 
force of bo~h manned and un­
manned vehicles. By ex ploiting 
th e best features. of both systems 
we feel we can mcrease the rate 
of ap plication of firepower."­
Cen. T homas D. Whit e, Chief of 
S taff , USA F, Or-t . 4, 1958. 

WW II 
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$ 
INITIAL COST OF THE AIRCRAFT 
IN A MODERN JET FIGHTER 
WING IS $122 MILLION COM­
PARED WITH THE $22 MILLION 
COST FOR A WORLD WAR II 
FIGHTER WING. 

I pl A N ( s. 

NAEC Offers Booklet 
for Primary Grades 
For edu cators eager to provide 

students with learning experiences 
from our world of fli ght, the Nation­
al Aviation Education Council has 
publi shed the booklet Aviation Units 
For The Primary Grades. 

Made ava il able to teachers by th e 
Materials of Instruction Committee 
of the NAEC, th e booklet conta ins 
units for grades one, two and three, 
which should provide a solid founda­
tion in aviation age education. 

Each unit includes concep ts to be 
developed, s u ggeste d activities, 
books and material needed for car­
rying out th ese activities, fi eld trips 
to be taken, methods of correlating 
aviation with science, langua ge arts, 
arithm eti c, art, etc. The aviation 
educa ti on program should lend con­
siderable enri chment to other parts 
of th e curri culum . The booklet also 
contains a comprehensive bibliogra­
phy. 

Aviation Units For Th e Primary 
Grades may be obta ined by writing 
to Dr Evan Evans. Executive Direc­
tor, Na tional Av.iation Education 
Co un cil. 1205 Conn ecti cut Ave., N. 
W. , Washin gton 6, D. C. Cost is 50 
cents per copy. Also ava ilable is 
the booklet Aviation Units For Th e 
lntcrmediate Grades, pr ice 50 cents. 
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Little more than 15 months ago, the USSR hurled a satellite into orbit 
around the Earth and brought into sharp focu s the great advances Russia 
has made in technology. 

Reactions in the United States and in other co untries of the Free World 
were vari ed, ranging from a "so what" atti tude to thorou gh alarm. The 
official res ponse of th e U. S. was immediate. Congress moved promptly to 
establi sh a national space agency, and provided nearly a billion dollars 
to this agency and the Department of Defense for carrying out space 
programs. 

During the past year we placed into orbit five satellites, including one 
weighing more than four tons. In addition, two probes were thrust into space 
to heights grea ter than any other man-made objects had reached. An ex­
perimental, rocket-powered aircraft was rolled out, an d preparations are 
well under way for man's first fli ght to the fringes of space. Most of these 
accompli shments were largely based on experience with long-range bal-
listic missiles, which en tered prod uction during the year. • 

While thi s drama tic progress was being made in space and missile. 
programs, the aircra ft industry prepared to deliver to operational units 
the first Mach 2 bomber and six fighter models in th e same speed range. 

There is no qu estion that record of achievement in the past year is out· 
standing and, more important, has set the stage for even more dramatic 
progress. 

But achievement carries with it the danger of national self-satisfaction 
to the point of neglect. There is an inclination to coast after ini tial successes 
are gained and even to read success into failure. There is no surer formula 
for losing a slim technological lead. The pace of technical advances today 
is so swift that we could well find th a t no amount of money or effort could 
rega in a lead once lost. 

Dr. William H. Pickering, Director of the .T et Propulsion Laboratory of 
th e California Institute of Technology, recently sa id that one of the greatest 
problems facing the nation today is the "psychology of failure" which 
seems to be ga ining a foothold. He warned against thi s negative thinkin g. 
There is certain knowledge acqu ired from testing whether it is a success or 
failu re, but Dr. Pickering says we must " se t success as -our goal and be 
con tent with nothin g less." 

This noted scienti st points out that a mi ssile is a very complicated device. 
" But so is an airplane," he says. "An airplane has many more parts than n 
mi ssile and I , at least, am certainly glad that airplanes were not developed 
in an atmosphere of expected failures. The problem comes back to the fact 
that we have tried to move our developmen ts ahead fa ster than engi neerin g 
experi ence or th e state-of.the-art dictated as prudent. We have 'tried to run 
before we could walk . 

" Today th e industry is facin g a cri sis in missil e development, particularly 
in its space program · ... We need sound engineering, reasona ble fli ght 
test obj ectives and a careful evaluation of th e r eal national program needs. 
Our engineers and firin g crews are ga inin g experi ence; we can do the job A 
ri ght." 'WI' 

This analysis is fully appreciated by th e a irc raft and miss ile industry 
which has hi storically urged th a t aerona utical and space programs be 
backed by continuous, well-supported fun din a 

Today 's technol ogy will not permit fitful" .star ts and stops. We cannot 
afford th e ex pensive crash solutions, forced upon us in a sort of internutional 
" kee ping up with th e J oneses" ap proach to national defense programs. 
T he H.u ssians apparenlly know wha t th ey want to do . The U. S. must be 
sure of its programs and move for wa rd wilh a ll d1>1i be rat e speed. 
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served as the Air Force's 
Deputy Chief of Staff for 
Materiel, with over-all re­
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curement matters, from 
July 1951 to February 
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Revolution 
in Evolution 
Technology Dictates 
Change in Industry 

By Orval R. Cook 
President, Aircraft Industries A ssociation 

T HE start of any new year is a time for 
summing up, and an y review of the ac­

tivities and achievements of the aircraft in­
dustry in the year just ended makes one point 
very clea r: it was a year of marked change as 
r egards the status of the industry, its roles 
and its responsibilities . 

Change is nothing new to the aircraft in­
dustry. It has been a standa rd condition 
among manufacturers of aeronautical equip­
ment since the ea rli est days of their existence. 
The history of the industry has been one long 
saga of adjustment and reaclj ustment to 
changing times and changing requirements. 
In recent years, however , the degree of change 
h as become ever more evident. 

T he changes in industry's status extend 
ac ross the wide canvas of manufacturing ac­
tivities, fr om the type of product being built 
to the type of fac ilities needed to build it, 
f rom resea rch through production, from know­
how in the shops to fo rceful and imaginati ve 
leacl e rshi p on the pa rt of top management. 
T hey a re changes dicta ted by a variety of fac­
to rs, from the demands of a modern systern of 
commercia l air transpo rta tion to the fantasti c 
requi rements of modern weapo nr y for defense 
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against aggression and the support of a global 
foreign policy. 

These changes are perhaps best illustrated 
by considering not just the yea r past nor the 
new one on which we are embarking, but the 
whole decade. We are entering the final year 
of a calendar decade which started on Jan­
uary l , 1950, a decade of incredible accom­
plishments in aeronautical progress which 
even the most advanced prognosti cator could 
not have predicted. 

At the start of this decade, we had achieved 
supersonic fli ght only in experimental aircraft. 
Turbojet planes were in production for the 
militar y, but they were subsonic aircraft and 
they were very much in the minority relative 
to the total equipment inventories of the 
armed services. Some commercial aircraft 
had reached the 300-mile-per-hour speed level ; 
they, too, were in the minority. 

T HE guided missile as a weapons system 
was still "on the horizon." The industry 

had , of course, been conducting research in 
thi s area for a great many years, some of it 

· even prior to World War I, but the missile did 
not come into its own until a seri es of break­
throughs permitted small-package nuclea r 
warheads. At the start of 1950, there were a 
handful of missile types in various stages of 
fli ght test and other, more advanced types on 
the drawing boards, but no missile had 
reached operational status. 

Today, each of the services has a number of 
missiles of operational capability and even the 
extremely sophisticated hyd rogen-warheaded 
missiles of intercontinental range have reached 
an advanced degree of development. Manned 
military aircraft, even long-ranging bombers, 
have speed capabilities of more than twice the 
speed of sound. Even in-service passenger­
carrying aircraft have attained performances 
which at the start of this decade were the so le 
pr ovince of the !~test military equipment. 

Man-made obJ ects now are penetrating 
space beyond the atmosphere with regularity 
and preparati ons are being made to put man 
himself in space. 

In this era of incredible technological prog­
ress, however, we have little time to stop and 
marvel at what we a lready have accomplished. 
Before we co uld adjust to the idea of manned 

M I 2 aircraft , development programs were ac 1 .1.1 fl 1 for planes which WI Y at three or 
startec l f d Th 

t · 111 es the speec o soun · e current 
more J I . 

·o J of missi les, themse ves masterpieces of 
C J I . have become obsolete in the 
a utomatJOn, · b it · . f the men whose JO IS. to stay 
m Jnrls o . h d of foreign progress Jn weap­
ab rf'a Et OJ a ea

1 
h' l the Space Age is 

. - An c w 1 e · ons systenJs. ' . . . and engmeers are 
' ]] . J·ts infan cy. scwntJsts s t1 111 · · 

dev ising new space Pto. 
entific or military, \vh·J~c ts, for reasons sc i­
even 1 ules Verne crasp i lc 1 would have made 

" n ast · 1 Perhaps the sin erie oms lment. 
" lllost · . the advancin cr techno! Important step m 

o Oo-
throu crh in nuclear Po oY was the break-

" '"er I' . h" I permitted small-size at . app Icahons w Jc 1 
onl1c a I h 'd . ' loads. The vastly crre nc ) 10gen "ar-

. . " ater de t· . b'l 1t)' of a smcrle nuclea. s ruct1ve capa 1-
" 1 ' "ea b h b a crradual but stead y tr pon roug t a out 

" endaway f · th s applic11 tion of force b , 1om e mas 
I. ) numbers toward a greater re 1ance on th . . . 

~. 1 · ·1 e ll1dJvidual weapon 
e1t 1er a llllSSJ e or a l11a d . 

1 
' 

b. · 1 · h nne a1rp ane or a 
com matwn w 11c Weds th d ' f 
both. e a va ntages o 

From the standpoint of In d d f 1 . o ern e ense, t 11s 
new approach resulted in a m ffi . t'l' . . ore e c1ent u 1 1-
zatJOn of available manpo\ "tl t l'er WI 1ou re-
cl~ cin_g over-_all effectiveness. But it brought 
w1th 1t a sen es of other trends. It demanded 
extremely high perfo~mance, and this brought 
a far greater emphas1s on research and devel­
opment. To achieve the required perform­
ance, complex equipment was needed and 
complex ity brought with it a spiralin cr 'climb 
• 0 
rn weapon costs. 

The dynamic technology which changed 
military tacti cal concepts in turn produced 
widespread changes within the aircraft and 
miss ile industry, the bulwark of defense pro-

duction. The primary change was the assign­
ment by the Department of Defense of greater 
responsibilities for de~elopment of weapons 
systems to industry, wl11ch produced corollary 
changes in the methods _emplo yed in ~uilding 
these weapons, in finan cmg them and 111 man· 
aging the programs. 

As these modern weapons began to reach 
operational sta tus in the _ea rl~, 1950's,_ there 
came about a sharp dechne Ill quant1ty re­
quirements. The mass production techniques 
of World W a1: II were no longer app~ica_ble. e 
Short productiOn runs became the order of 

the day. 
A T the sa me time, rising costs dictated by 

1""'\.. performance and complexity had a sepa-
1 ate impact. During the Korean \ \Tar and for 
some time thereafter, it was the custom of the 
military services to build several types of 
eq uipment for the same job-two or three 
fi ghter-bombers, two or m ore interceptors, etc. 
This was a form of insurance, both from the 
standpoint of the performance of the aircraft 
and the producibility of its builder. 

Except in a few cases where the techno­
lo cr ical challencre was so great as to warrant " " ~ parallel developments, this approach dis~p-
peared with the emphasis on individual, l11gh 
performance, highly-complex weapons. 

All of these factors, overlapping and inter­
related as they are, were translated i~to 
chan cres within the aircraft and missile Jll· 

" dustry. 
First, there was the competition for milita~·y 

business. With fewer proj ects and fewer uJlltS 
in each prod uction order, competition became 
more intense. This called for a shift in per­
sonnel emphasis ran cr in cr fr om the shopworker 

0 " .• to top management. Scientific and engineenng .. 
talent became extremely valuab le, and the pro· 
portion of scientists, engineers and other 
highly skilled technicians to the over-all com­
pany payr oll went up sharply because of the 
demands of complexity. 
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DEVELOPMENT COSTS 

162 MILLION* 

•ENGINEER! NG, 
DEVELOPMENTAL, 
AND TOOLING COSTS 
FOR FIRST 
20 AIRCRAFT 

MODERN 
JET BOMBER 

ORBITAl 
BOMBER 

. Similarly, as costs became more and more 
Important, the demand increased for stron o-er 
managerial teams to combat costs thro~..,cr h 
productive effi ciency. Fresh ima cr inati~'e 
thinking became increasingly i1~porta~t in all 
phases of the manufacturing process. 

Compet!tion also had its effect on company 
product hnes, starting at the same time a 
trend toward diversification and specia liza· 
tion. As systems became more complex, the 
fi_eld of speciali~ati on broadened. Where pre­
v ~ ous ly compa n1 es had specialized in maj or 
a1rcraft com ponents, they now found a need 
for expanding their electronic, mechanical 
and chemical laboratories. So me companies 
concentrated on one of these main areas, or 
even sub-a reas within them. Others decided 
on product d iversificati on and co mpanies 
known for years as solid , eff-icient builders of 

aairframes, for instance, suddenly branched 
Wout in to guidance, propulsion and other areas 

of importance to the new type of product. 
With in the new tactical concepts, time be· 

came more important. In the leap-froacr in a 00 0 

technology, there had to be an attempt to 
produce weapons more rapidly despite their 
increased co mplexity. This meant that com· 

petitions for new progran_1s had to be decided 
earli er. There was no t1me to order a few 
prototypes and ch oos~ b etwe~~ _them after a 
long evaluat ion of then· capabilities. Competi­
ti ve desi<>ns were eva luated before they were 
ever tra:slated into hardware in some cases. 

In this connection, managerial, scien tifi c 
and engineering talent is again an important 
factor because the competence of the manage­
ment-technical team must necessa ril y be a 
leadin cr considera tion in the selection of a con­
trac to1~ But the demonstrated competence of 
any team is seconda ry ~ o the _designs they pro· 
duce and the rnanner 111 wh1ch they produce 

them . 
Herein came a new requirement for indus· 

try : fa cilities, not only _for_ production of the 
end item, but for the mtncate resea rch, de­
ve lopment and test work. which must precede 
its acceptance. Thu~ , . an mdustry whose earn­
in crs rate has traditiOnally been the lowest 
an~o n <> American industries was faced with 
the n~cessity of diverting larger portions of 
its meaO'er income to construction of facilities. 
The alt~rnative was to lose competitive stand-

mg. 
At one time, the Government supported to 

a lar cre ex tent a fa cilities expansion and con­
struc~on program- At that time, it was mil­
itarily expedien_t to do so,_ ~e~ause there was 
a need for warwue produc1b1 hty. 

The explosive technol_ogy ~f the past decade 
also had its influence 111 th1s area. The tre­
mendously increased destr_uctive potential of 
modern weapons leaves httle room for the 
hope that we can P1:oduce a retaliatory arsenal 
after the first bloW IS struck. Current thinking 
is to the effect that an all-out war must be 
fo ucrht with the resources on hand at its out­
set. 0 obviating the ne~d for a vast complex of 
sta~d-by manufactm:mg _facilities. 

The Government IS stdl fin ancing fa ci liti es 
construction to some extent, but there is an 
increasinO' degree of reliance upon use of pri­
va tely- oW~led fa cilities. Advancing technology 
has dictated large-scale building programs be­
cause ex isting facilities are not adequate for 
research , development and production of the 
new weapons. _J~dustry fi_nds itself in the 
paradoxical positi on of_ hav ing to finance this 
new const ruction at a tune when a number of 

)
Jiants desirrned for ea rli er weapons a re bein cr 
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retired, because it IS usually less expensive to 

build a new fa c ility tha n to attempt to m ouify 

an existing one. 
These new facility requirements for the 

most part stemmed from the elimination of 
man in automated weapons. :Man's brain and 
muscle power represent the most efficient 
guidance and control system ever developed. 
Human functions can be duplicated to a large 
extent by electronic, hydraulic and mechan­
ical devices, but these devices must be pro­
vided with an extreme degree of accuracy and 
reliability if the substitution is to be effective. 
These requirements . translate directly into 
faci lity needs. To illustrate, consider a re­
centl y-constructed typical facility designed for 
the manufacture of a complex missile com­

ponent. 

THE assembly of this component must be 
accomplished in a vibration-free area . 

This demanded special foundations to still vi ­
bratory effects from an adjacent factory and 
irom stree t traffi c. The assembly room must be 
surgically-clean, which required installati on 
of several types of equipment to prevent dust 
particles from entering the area. Parts must 
be assembled under ri gid temperature and 
humidity control, so such control measures 
and equipment had to be built into the facility . 
Even the ceiling of this assembly area had to 
be specially designed to permit external re­
placement of defective lighting equipment, 
since workmen cannot enter the room durin o· 
ope rations. To get parts into the r oom, special 
air locks had to be devised. 

Outside the final assembly room, elaborate 
test equipment had to be installed, since test 
has become an integral part of the manufac­
turing operation from start to finish. This 
automated test equipment, together with the 
equally complex computer-operated manufac­
turing tools, also needed special foundations . 

This is only a brief sample of the facilities 
and eq uipment requirements for modern 
weapons, but it : hould serve to point up the 
fact that conversiOn of old facilities desianed 
for completel y different purposes is not 
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gen­

erally feasible. 
Construction of this type of facility did not 

begin last year or even the year before, but 
has been under way on an increasino- scale 
for several years. Again , the point is ~he de­
gree of change, which has heightened with 
every yea r of this decade. 

FACILITIES COST INCREASE ' I' l A N ( ~' 



It fo ll ows logica lly that the degree of fi nan­
cing required for such faciliti es has s imila rl y 
increased . In the post-World War II 10-year 
period, fo r instance, the industry invested 
a bout o ne billion dollars, b ut in the last half 
of this Decade of Technology an add iti onal 
billion was required. The rate of investment 
therefore doubled and it is quite probable 
that it will stay at least a t thi s high leve l over 
the next few years because of the "curve of 
complexity" which shows no inclina ti on to 

flatten out. 

W E HAVE been ta lking until now about 
defense weaponr y, but while on the sub­

ject of investmen t ,,-e might consider the 
parallel investmen t programs needed to fi­
na nce development and producti on of new 
commercial equipment. lt was adva ncing 
techn ology which permitted constructi on of 
the fleet of turbine-powered a irliners now en­
tering commercial service. Such planes will 
p rovide fa ster and much more comfortable 
transportation to the traveling public; they 
will provide increased revenue to their opera­
tors; they assist the defense effort in la rge r 
and speedi er airlift available for emergency 

use. 
To the ma nu fact urers and their man y sup-

pliers, they also mean an increased business 
potential. This potenti a l was achieved, how­
ever , onl y through a large-scale finan cing pro­
gram. The five companies building the tur­
bine fl eet estimated that, amo ng them, they 
had to put out $1,595,300,000 in research, de­
velopment, testing, facil ities, prod ucti on a ncl 
other miscell a neo us costs before the first a ir­
plane was delivered to an a ir line. 

This investment, huge as it is, does not by 
any means rep resent the total finan cin g re­
quired fo r the commerc ial turbine fl eet. There 
were, in addi ti on, the eng ine man ufac turers 
who had to foot their own bills for sim ilar 
purposes, a nd there were mo re than 5,000 in­
dividual suppliers, subcontractors and vendors 
who had to invest funds in development of 
new articles pa rti cularly adapted to the new 
high performance aircraft. 

This large scale finan cing program imposed 
a considerable strain on industry. It required 
diversion of substantial sums from prior and 
current ea rnin gs. Funding from earn ings 
alone, however, made up onl y part of the in­
vestment. The balance had to be provided 
through large scale borrowings . 

This brings up one of the most important 
problems th rus t _u po n the industry :)Jy the 
decade of explos tve techn ology: how to ac­
qui re the _capita l needed to finan ce the prod­
ucts of th1s technology. 

There are three ways in which any indus­
try may acq ui re cap ita l : by reinvestment of 
ea rnings, by borrow ing, or by sale of se­

c urit ies. 
The a ircraft and mi ss il e industry a lread y 
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co mpa nies had increased their combined bor­
rowings to $563,000,000, or 23-fold. Figures 
fo r 1958 are not yet available, but it is al­
most certain that this figure cl imbed aga in . 
The industry ma y be approaching the limit 
of its borrowing capacity . 

Fi nall y, as to sa le of securiti es, we must re­
member that there is great competition in the 
money markets for r isk capital, and the in­
vesto r wants reaso nable assurance o f a return 
on hi s investment before commi tting his 
money. An extract fr om a recent report of 
the Av iati on Securiti es Committee of the In­
vestment Bankers Associati on of Ameri ca 
speaks eloq uently on that subj ect: 

"Free competition in the investment market 
has reduced aircraft manufacturers to a low 
priority for new capital investment," it states, 
and adds that " due to shifts in Defense De­
partment poli cy as much as to histori c indus­

munit\· has 
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judged ai rcraft ma nufacturers' stability in­
adeq uate for the ri sks involved. " 

The shifting defense policies referred to by 
these inves tme nt bankers are to some extent 
d ue to techn ological p rogress, insofar as they 
a re d icta ted by chang ing tac-ti cal concepts. 
They are also due to flu ctua ting budgetary 
considera ti ons which bring on cutbacks, 
stretchouts, cancell a ti ons, arbitrary expendi-
ture limita ti ons and curtailment of progress 
payments. These fac to rs, together with over­
stringent processes of renegoti a ti on imposed - \ 
by the Government, compound the industry's ~ 
task of co ping with the d ynamic technology, 
for it follows logicall y that a sound indus-
try finan cial structure is a prime requisite 
for con tinued exploitati on of our scientific 
giant steps. 

Now we a re entering the final yea r of this 
Decade of Technology and with it comes still 
grea ter responsibility for the aircraft and mis­
sile industry. As its backo-round in aircraft 
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development led logicall y to industry's assign-
ment to build missiles the combined back­
?rounds of both produ,cts have provided the 
~ndustry with a new inheritance, that of build­
~n g the vehicl es and equipment to take man 
mto space. T HE ach!evements of the International 

Geophys1cal Year wherein man-made ob­
j ects left Earth's atmo,sphere for the first time, 
a re fantastic in recounting. Yet they are just 
baby steps when we consider the vastnessess 
of the universe we plan to explore. 

The h~rdwa re needed for the space mission, 
whether 1t be for defense or scien tific explora­
tion , will not differ basically from the prod­
ucts the industry h as been turnin o· out for 
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yea rs. Any fl yi ng vehicle, whether it is un-. 
manned or manned, whether it fli es within 
the atmosphere or beyond it, consists of a 
structu_re, a propulsion system, and a method 
of gmdance, together with the accessory 
equipment r equired for the specific mission 
of the vehicle. 

This hardware will of course cl iffer in spe-
'fi ' ' c1 1cs. The turbojet eng ines on which the in-

d~stry has amassed yea rs of experience must 
give way to newer forms of propulsion, and 
even the newer forms like the chemical rocket, 
will give way to still ' m ore advanced systems. 
T he external shapes of the vehicles will change 
considerably; new methods of g uida nce will 
co_me along. The equipment needed to sus­
t~ 111 human life in the space environment will 
dd1er. from the stratosph eri c p ressurized 
cockp1t. 

It remains for our scienti sts and engineers 
to_ sh o~v us to what extent this space hard wa 1:e 
Wlll ~ d1er from our current products, and Jt 
rematns for our military leaders to decide 
what ch_a nge~ in defense concepts such ha rd­
ware wdl brtng abou t. One thin rr however, 
is qu ite obv io us : the deoTee of "~omplex it y 
will be g rea ter. Wi th tl~i s co mplex ity will 
come an accele rat ion of th e de rr l·ee of change 
wi thin the industry and hence ; con ljJo unclin ~­
of all the problems li sted he re in 
Tech ~10 l ogi ca ll y . th e industry is prepa red to 

cope w1th the cha ll enge. It needs to be lree ~l 
fr om unessential r estri rtio ns th at slow ll 
down ; it needs sup po rt ,,·hi c- h will enable it 
to pe rfo r111 111 0 re effec ti n·h , the ex tre lll t' l ~ - ill1-
porlan t joh it has been gi;,en. 
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AlA Will Testify 
On Renegotiation 

(Continued jrom Page 1) 

effect of the legislation. Any pro· 
cedure as carefully governed as pro· 
curement requires a thorough ex· 
amination, and it is expected that 
the hearin gs will discover possible 

A flaws and provide a basis for correc· 
W tion of any sections that might work 

. again st its broad intention. 

Renegotiation Act Concern 

High on the list of industry's con· 
cern with legi slation is the Renecro. 
tiation Act. The act was due to :x. 
pire last December, and legislation 
for a two-year extension was pro· 
posed in the 85th Con gress. How­
ever, action on the extension oc· 
curred too late in the session to 
permit extensive hearin gs. The Con· 
gress a pproved an extension of the 
act until June 30, 1959. The plan is 
to hold hearin gs durin g this period 
so that the effects of r enegotiation 
can be explored by Congress. The 
Aircraft Industries Association plans 
to tes tify at the hearings. 

The basis of the aircraft and mis· 
sile industry's objection to the pres· 
ent administration of the Rene ao. 
tiation Act is the definition of ~X· 
cessive profits. The industry's earn· 
ing rate is less than half that of 
comparable manufacturin g enter­
prises, but the Board has ruled in 
many instances that company earn· 
ings, even though fallin g within this 
low level, are "excessive." 

One amendment backed by AlA 
A would r equire that recognition be 
W given to the validity of contracts r e­

sulting from negotiation between 
the military servi ces and contractors. 
Specifically, the amendment would 
declare that earnin gs, as profits 
falling within the terms of the initial 
contract negotiation, are not to be 
considered excessive. This amend· 
ment would recognize the integrity 
and ability of military service rep· 
resenta ti ves engaged in contract ne· 
go ti ati on. 

Another vital legislative proposal 
directl y effec tin g th e industry is the 
provision for indemnification of con· 
tractors against unusually hazardous 
risks arisin g from the Defense De· 
partment's weapons programs. Con­
gress has already provided such 
legisla ti on for financial protection of 
the public against the hazards of 
nuclear ma terial used by the li· 
censees and contrac tors of the 
Atomic Energy Commission. 

l~~tlemnification Bill 

A bill providing such indemnifica­
tion for aircraft and missil e con­
trac tors was introduced in th e last 
Congress, but never came to a vote. 
The n eed is obvious. The air wea pon 
industry r isks its corporate neck 
every time a wea pon system is 

&tested. Despi te _an outstanding sa fety 
'Wrecord , there JS always the possi­

bili ty that a major accident could 
occur r esulting in damage claims 
far exceeding the asse ts of the 
largest compani es. There is no in ­
suran ce ava ilable from commercial 
sources to take care of several a reas 
of great r isk in mi ssile and other 
wea pon programs. 

EXPENDITURES 
FIRST QUARTER 

$9,866 
Mill ion 

The 85th Congress passed a law 
creating the National Aeronautics 
and · Space Administration . The 
NASA has moved promptly in ac· 
celerating this nati on's space efforts 
but there is need for an amendmen~ 
to chan ge proviSIOn s concernin cr 
patent ri ghts. The present sectio~ 
states that any invention with minor 
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exceptiOns, made m the course of 
work under an NASA contract is 
the exclusive property of the Gov· 
ernment. This restrictive provi sion 
clashes with th e rules crovernin cr in­
ventions made under D efense "'De­
partm ent contrac ts. These recr ula· 
t~ on s permit the company to keep 
t1tl e to the invention. The Govern· 
ment, however , retains license ri ghts. 

Patent Differences 

. The a ir~ ra ft and missil e industry 
J' respon, Jbl f' for deVf~l o pm en t and 
production of most of th e key ele· 
ments in spacecraft . The wide di f­
ference in pa tent provisions can only 
hamper contractors in thei r dealin "s 
with Defense Depa rtment a genc i~s 
and NASA. Congress is expected to 
look into thi s secti on of the act and 
others th at require modification. 

The budget submitted by the 
Presid ent, the subsequent hearings. 
floo r debate and final conference are 
followed closely by th e aircra ft and 
missile industry since these detai led 
determin a ti ons are the basis of the 
product mi x. Management makes its 
decisions on in ves tment in proj ects 
on the basis of funds ap propriated 
in various weapon categories. 

There is other legislation, certain 
to be in troduced, which will have 
varying degrees of effect on the in­
dustry. The aircraft and missile in­
dustry is ready to provide any co­
opera tJon which would assist Con­
g!·ess in providing equ itable, effi ­
c~en cy-produ cin g laws. 

$9,747 
Million 

FY 1959 

SB.Osg 
Mill ion 

FY 1958 

Hardware Trains Boost 
Production Efficiency 
. A tren~endou s increase in produc­

tiOn _efficiency has been achieved by 
an au craft and mi ssile manufacturer 
who installed " hardware trains" on 
tl~ e assem?ly line to supply 5,300 
d1fferen t kind s of nuts, bolts, screws, 
washers, rivets and gaskets used 
to manufacture surface-to-surface 
guided missiles. 

The train s consist of a tractor 
pulling three tra il ers carrying sev­
eral hundred trays, each holdin rr one 
or more types of " hardware" i~ems 
Six trains a re now on time ta bl~ 
schedules. 

Their use has cut down tremend­
ou s]~ the pa per work and leer work 
prevwusly r equired to d ra\~ such 
Jte~s out _o_f general stores. By elimi­
natm g ~vntm g, postin g, checkin g and 
t ~ bulatmg o f some 40,000 requisi­
li ons a month , th e new distributi on 
procedure saves an estim ated 15,720 
man-h ours a year. 

Oth_er advantages of the new sys­
tem mclude redu ction of fl oored 
hardware, leveling of stock balances 
where shortages exist, reducin rr fac­
tory aisle traffic, eliminatinrr" con­
gestion and tim e-wastage at"' ma in 
s tores stock windows. 

Passenger Gain Seen 
. A bu~ pe r yea r fo r a ir transpo rt 
m 1959 I S. fo recast by th e Intern a­
llona l Aa l ransport Associati on 
. T he world ai rlin e organiza ti on. e~ ­

IJ ma tes tha i th e nu mber of passen­
gers on sched ul ed airlines will a J­

pn>ac h the 95.000 .000 ma rk in tl~ e 
new yea r, a n mcrease u f a bout 
6.000,000 pa . sengers Dver 1958. 

Fluoroscope Tells 
Inside Story 

One aircra ft manufacturer literal­
ly gets the inside story on electronic 
and hydraulic components which 
a re test-operated shortly after arrival 
from subcontrac tors. New equipment 
that makes this possibl e is a flu oro­
scope . 

Unlike an X-ray machine which is 
largely limited to " still" pictures 
the fluoroscope in effec t produce~ 
" movies" of what is going on inside 
a_ component while it is in opera­
liOn. An operator wa tches the show 
o ~1 . a screen similar to that of a tele­
VISIOn set. 

The _newly installed equipment not 
only msures against faulty com­
ponents getting by, but also gives a 
fa ster and better diagnosis in case 
of malfunctioning. 

A convenient feature of th e ri " is 
the tt_Jrnta_ble to which th e part un"der 
scrutmy 1s attached. The operator 
can. 1:otate the table and tip it to any 
pos1t10n. Also, there is an "imacre 
intensifier," (like a macrnifyi~cr 
g_lass ) ~vhi_ch can hi ghlight ;ny par~ 
t1cular ms1de part. 

Lead-glass windows and lead 
shi~ld!n g protec t the operator from 
r~d1atwn , and, as a special precau­
tiOn, the same key that locks the 
door of the fluoro scope room is used 
to unlock th e control s. The door 
must be closed before the equipment 
will opera te. 

New Jet Transports Use 

Liquid-Cooled Brakes 
A revolutiona ry new liquid-cooled 

brake sys tem, which utilizes a heat 
exchanger developed by an aircraft 
company, will furth er increase effi­
cienC);, comfort and safety of jet 
t~·a n sport s . This is the fir st applica­
tiOn . of the hea t exchan ge r in the 
brakmg system of an a ircraft. 

1:he . heat exchan ger uses liquid­
to-bqmd heat transfer and is essen­
tially a wa ter boiler. In thi s sy tern 
a common anti-freeze mixture of 
ethylene glycol and water is circu­
la ted behind th e fricti on surfaces 
of the brakes, picks up the hea t and 
transports it to th e hea t exchan (Yer 
where it is tran sferred to water~ 

The transpor t Huid is cooled and 
returned to th e brakes to a bsorb 
more heat and repea t the cooling 
cycle. The uni t is designed t.o have 
a peak rejection ra te of 5 000 BTUs 
(Briti sh Thermal Units ) ~ f hea t per 
second. It absorbs millions of foot­
po unds of energy, kee ping the tires 
cool enough to touch. 

T empera ture buildup in the crit­
ical wh eel and brake area is reduced 
~ >y as much as 1500 degrees. Operat­
m g a t low temperatures reduces the 
possibili ty of ti re blowouts and 
brake fa ilures . Brak e noise vibra­
t.ion an d chatter a re elim in~ ted. 



High Speed Camera 'Stops' 600-mph 
Hailstone Effect Test 

An aircraft and missile company 
is using a high-speed motion picture 
camera to "slow down" fa st-acting 
laboratory tests so they can be ob­
served with the naked eye_ Film can 
travel through the camera at over 
140 miles an hour_ 

Current project of the company's 
motion picture section is to "stop" 
the fli ght of 600 mile-per-hour hail­
s tones fired from air guns at ex­
posed surfaces of a j et transport now 
bein g tested. 

Past projects have included shots 
during " chicken-firin g," seat impact, 
and head impact tests for the j et ; 
performance of ballistic missile com­
ponents ; canopy and seat ejection 
and missile firing of two fighter 
planes, as well as rocket sled tests. 

In the hailstone destruction test 
two 16 mm cameras shoot 100-ft. of 
fi lm in a half-second to capture 
fa ster-than-eye action. Developed 
movies then expand the half-a-sec­
ond of action to three minutes to 
give observers a detailed account 
of the motion. 

In the slowed-down views, the 
hailstones, with speed reduced by 
200 times, seem suspended in air_ 
From the fi lms it can be easily seen 
if th ey are of proper frozen con­
sistency or if they are disintegrating 
into soft snow, too weak for valid 
tes ts wh ich determine structural 
weakness of parts before they are 
accepted for installation. 

By snapping the fli ght of hail­
s tones, or other fa st-movin g objects, 
across a lined grid, the speed can 
be calculated accurately from the 
movi e shots. Timing marks, called 
"light pips" are registered along the 
length of the fi lm at 100, 120, or 
1,000 marks a second as another 

'59 Aircraft Year Book 
Off Press in February 

The 1959 A ircraft Year Book, a 
profu sely illustra ted record of avi a­
ti on Pvents durin g th e past year, 
will be off the press next month . 

An o ffi cial publicati on of th e Air­
era ft Industri es Association , this 
40th editi on uti li zes the same for­
ma t as last year with a page size of 
8 by 11 inch es. 

T he book includes a review of in­
di vidual co mpany accompl ishment s ; 
a n i ll ustra ted li stin g with specifi ca­
ti on of a ircraft and engines in pro­
du cti on ; a report on mi ssil e acti vi ­
ti es; hi storic and current chronol­
ocries; resea rch and development by 
b~ th civil an_d milit ary agenc ies; 
l isting of offictal record s esta blished 
d ur in g the year; a ~·o undup of In-

·nat ional Geophystcal Year ac-tet 
1 

.. 
. m p]is 1ments; report on actJVJties cf ·

1
d ivid ual airl ine >; and a review 
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timing device to tell just how fa st 
an obj ect is movin g or the length of 
time of an event. 

" Chicken-firin g" tests for the jet 
transport are conducted on different 
typ es of transparent material to find 
out which kind will stand up best 
under actual fli ght conditions when 
unlucky birds are dashed against 
the plane's windshields. Live chick­
ens, of about 4 lbs. in weight, are 
chloroformed and fired throu gh com­
pressed air guns to simulate impact 
of live birds in fli ght. 

One camera is positioned to catch 
speed of the birds as they shoot 
across the white-lined grid while a 
second camera in the cockpit snaps 
the windshield at instant of impact 
to show pattern of cracks or break­
age. 

The high-speed photographic tech­
niqu e has also been used with re­
markable success to iron out prob­
lems in development of new cutting 
tools. Slowed down movies of the 
new hi gher-speed tools which revolve 
at 3600 rpm-faster than the eye can 
see-clearly show just how the chips 
are falling and from what angle. 

Defective blades are detected in­
stantly when the ac tion is slowed on 
film to one revolution in every two 
seconds. Information gained in a 
single test and fla shed on the movie 
screen is often enou gh to guide re­
design of cutters for perfect opera­
ti on. 

Electric Blanket Bonds 
Delicate Jet Parts 

An ingenious aircraft components 
manufacturer is now usin g an "elec­
tric blanket" to speed the bondin g 
of 60 to 70 deli cate parts which 
make up each panel of a jet trans­
port. 

The electri c blanket bonding meth­
od opera tes on th e same principles 
o f heat and pressure a in conven­
ti onal autoclave bondin g. The honey­
comb panels are bond ed a t 350 de­
grees Fahrenheit und er 50 pounds of 
air pressure, for one hour. 

Tin y thermi stors, no larger than 
grains of salt , act as the " brain" to 
direc t power to th e electric blankets. 
U p to 35,000 watts of po wer is neces­
sa ry to maintain co ntrol durin g bak­
ing peri od , and as many as 25 in­
dividual co ntrol circuits are con­
nected to blank ets to kee p th e tem­
perature within 10 degrees, minus or 
plu s. of th e 350-deg ree bakin g heat. 

T he bondin g fi xtures. resembling 
hu ge steam pressers, were designed 
and buil t in various sizes to accom­
modate th e la rge aileron panels and 
small er tri m and control tabs of the 
p lane. 

The electri c blankets will bond up 
to 80 pieces be fo re they need re plac­
in g. As a safety preca ution the 
blankets have bui l t-in elements in 
sec tions so that the voltage at any 
one point is never more than llO 
volts. On ly one ma n is needed to 
monitor th e ent ire operation. 

CIVIL AIRCRAFT INCREASE 

1958~==67=, 1=53::::::::J 
1957 64,688 

Active aircraft registered with the Civil Aeronautics Adminis­
tration at the beginning of 1958 totaled 67,153, an increase 
of 2,465 aircraft over the previous year. leading state in 
registrations was California with 7,970 active aircraft re­
ported; Texas was second with 5,552 and Illinois third with 
3,782. Civil aviation has grown rapidly in the U. S. with a gain 
of 21 per cent in active aircraft registrations in the last 4 years. 

'PLANES" 

Power System With No Moving Parts e· 
Developed for Missiles, Spacecraft 

An electrica l power system- with 
no movin g parts-has been pioneered 
by an aircraft and missile company 
for use in aircra ft , spacecraft and 
mi ssiles. 

Call ed a static power system, 
th e unit will eliminate all th e haz­
ard s inherent in movin g parts­
wh ere malfunction and breakdown 
usually occur. 

The system is made possible by 
th e use of semiconductors-a mate­
ri al somewhere betwee n a good con­
ductor and an insulator. (A modern 
transistor is a good example.) Semi­
conductors are crys talline in struc­
ture and can be made from uch ele­
ments as germ anium and silicon , as 
well as vari ous chemical compounds, 
such as ga llium arsenide. 

The properties of semiconductors 
permit them to change direc t to al­
tern at in g current, amplify voltages, 
trans form heat to elec tri cal energy. 
se rve as "on-off " switches without 
mov in g conta cts. and generally re­
pl ace co ntrol fun cti ons fo rm erl y 
handled by relays, circuit breakers 
and vac uum tubes. 

A sta tic electric power system has 
high reli ab ili ty. long life_ low weight 
and fa st res po nse- all spec ifi c re­
qu irements for hi gh-altitu de rockets 
and spare vehi cles. Since no moving 
parts ex ist. comp onents can be im­
bedd ed in plasti c pottin g mat er ials 
to protf'c l. them aga inst vi bra ti on and 

shock. There are no contacts to 
burn and fu se, no vacuum tubes to 
fail , no brushes to wear. and no 
bearings to wea r except ~n brush­
less de and ac motors. 

This remarkab le new development 
is one more result of industry in­
genuity in achieving hi gher per­
forman ce, grea ter reliabi lity. 

Ingenious Packaging 
Used for ICBM Parts 

Considerable detailed plannin g 
goes into transporting intrica te 
ICBM components and parts from 
manufacture to final assembly, and 
subcontractors have come up with 
so me in geni ous packa gin g ideas 
which fr equ entl y refl ec t the nature 
and value of th e items they contain . 

Fo r instance. long " pipelines"' th at 
feed fu el to th e I CBM engines (a nd 
loo k to th e lay man like plumbin g 
fi xtures ) are packa ged in wh ~l t ap-­
pea rs to be a kin cr-sized suJI.case,' 
rompl l" te with hanrlles. and snaps. 
These all-metal conta iners a re al-
most 4-0 feet long but are so light ­
weight th ey ca n be ca rried by two 
men . 

Another co ntainer that houses a 
se nsitive pa rt of the missile's guid­
ance system comes packagl"d like a 
pri celess j ewe l. 


