
LESS THAN ONE TEN-THOUSANDTHS OF A SECOND 
IS REQUIRED TO RECEIVE A COMMAND ACKNOWL
EDGMENT FROM A SATELLITE-333 TIMES FASTER 
THAN A HUMAN EYE WINK. 

A PRECISION FACILITY BEING 
BUILT FOR GLOBAL COMMUNICA
TIONS AND SPACE STUDIES WILL 
BE CAPABLE OF DETECTING A 
ONE-QUARTER INCH METAL 
SPHERE AT 1,000 MILES. 

A SINGLE JET TRANSPORT REQUIRES 1,225,000 FASTENING 
DEVICES INCLUDING 1,000,000 RIVETS, 140,000 LOCK 
BOLTS, 60,000 STRUCTURAL BOLTS AND OTHER FASTENERS. ~-.. 

Aerospace Quote 

"_In less .th an 60 years every 
natwn on the face of the earth 
has been stripped of the tradi
tional barriers to ago-ression. 

o longer is it necessa1':"y for an 
aggressor to conquer the seas 
and the land masses to strike 
directly at his target. Aer os pace 
power can do th is today. 

"This type of force in the 
han ds of a n aggressor is a con
stan t th rea t to our exi tence. I 
feel that we have no recour e 
in light of our present circum
stan ces but to continue to main
tain superior aer ospace fo rces 
that posi ti vely deter aggression. 
Should deterrence fa il, these 
I orce must be so constituted as 
to insure their survival and in 
additi on they must be ab le to 
strike and re-strike with a t rue 
wa r - w~~ing and war -winn ing 
capab1hty. To keep th i capa
bility which we have today, we 
must look a t tomorrow and n ot 
pr epare for yesterday.' '- Cen. 
Cu,rtis E. L eMay Chief of Staff 
. SA F. ' ' 
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USAF Book Program 
Lists New Volumes 
Here are two new volumes pub

lished in connection with the U. S. 
Air Force Book Pr ogram. A m ore 
complete listing can be obtained by 
writing to: Chief, USAF Book 
Program, Office of Information, 
Dept. of the Air Force, The Pen
tagon, Washington 25, D. C. 

THE UNITED STATES ARMY 
AND AIR F ORCE F IGHTERS 
1916-1961, compiled by Lt . Col. 
K. S. Brown, USAF, Capt. E . F . 
H yn, USAF , R. A. Freeman, M. 
J . B. B wyer and P. Berry , edited 
by Bruce Robertson (Harleyford , 
$9.50, Autumn 1961) . A com
bin edn~ rra ti ve-pic to ri al history of 
the Umted States Army and Air 
Force pursuits and fi ghter planes 
covering th e d e v e I o p m e n t of 
American fi ghter planes through 
three wars. 

BORJ G A HOLE IN THE 
SKY, Genera l Rober t L. Scott, Jr., 
USAF CRet. ) (Random H ouse, 
$5.95, December 1961 ). The au
thor of GOD IS MY CO-PILOT 
write his ~utobiography, starting 
from the time he bought h is first 
ai r plane a t age 13, a J enny, 
through his dramatic combat ex
per iences in the CBJ. 

AEROSPACE 
Aerospace is an official publica tion of the Aerospace Industries 

Ass~ciation of America, Inc., the national trade association of the 
designers, developers and manufac tur ers of aircraft, missiles , space
craft, their propulsion, navigation and guidance systems and other 
aeronautical systems and their components. 

The purpose of Aerospace is to: 
Foster public understanding of the role of the aerospace in
dustry in insuring our national security through develop
ment and production of advanced weapon systems for our 
military services and allies; 
Foster public understanding of commercial and general avi
ation as prime factors in domestic and international travel 
and trade. 

Publication Office: biO Shoreham Building, Washington 5, D. C . 
New York Office: 150 East 42nd Street, New York 17, New York. 
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Reports of delays and failures in satellite launchings and missile 
firings usually a ttri bute the ca use to a malfuncti on of a minor part. 
This underscores a fact long famili ar to the aerospace industry : A 
multi-million dollar weapon system is only as reliable as its parts- many 
of them costing onl y a few dollars. 

Modern weapon systems and space vehicles require close support 
from the companies developing and manufacturing the system in order 
to attain optimum reliability, and to speed changes that increase per
formance. 

The provisioning of spare parts is a key function of prod uct support 
opera ti ons. The services provided by the design m anufac turers of 
par ts and components ex tend from "cradle to grave." 

The Department of Defense is properly reviewing its spare parts 
pr ocurement policy to improve the effi ciency and econom.Y. of the.se 
important purchases. DOD seeks to broaden the competitive basis. 
Certainly this industry is strongly in favor of competition. However, 
each purchase should be closely scrutinized to ascertain that an apparent 
savings p roduced by competitive bids does not, in the long r un , actually 
cost m ore because of the lack of services. 

Here are examples of the services furni shed the militar y departments 
by design manufacturers: 

l. The end product is continu ally improved by the collection 
and analysis of all available da ta on pa rts usage, failu re da ta 
and fi eld service information. 

2. The design manufacturer maintains drawings, da ta and 
records on an up-to-d ate basis long after the production of the 
end item h as been completed. These records are a "must" for 
provisionin g and reprovisioning operations. 

3. Maintenance ·of an advisor y serv ice to the military depar t
men ts fo r the correcti on of procurement transactions in which 
incorrect obsolete or unusable items are ordered, beca use of 
techn ol o~ical developments whi ch may not h ave been inserted 
into procurement data a t all levels. 

4. Maintain ing a capabil ity [or emergency handling of re
quirements for tech nical, engineeri ng or field services. This 
includes factory executives, q uality con trol specialists, and other 
" overhead " personnel to p rovide expert advice in solving urgent 
p roblems for the m ilitary services. 

5. Preparation of part descrip ti ons for Federal cataloging, 
compiling cr oss-reference lists, m aking spare parts recommenda
tions, providing field se rvice representatives, and making preser 
vati on and packaging recommenda tions. 

In additi on, ther a re ma ny other ac orn 1 anying services provided 
to the customer by the design manufacturer. 

The aerospace industr is in dail y contact with the mili tary depart· 
menls and is aware o f the requiremen ts and problems. Industry 
offers the services of knowledgeable executives in providing information 
to the Department of Defense that will assist in forming definitive 
procedures. This cooper ation will mean tangible benefits to the tax
payer s, and greater capabili ties to the mi litary departments. 
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. SPACE 

1962 
By James E. Webb 

Administrator, 
Nrtl.ional Aeronrrntics and Space 

Administralion 

Space fli ght in the United States has just 
reached its fourth anni11er ary. It was on 

January 31, 1958, that Explorer I , a 31-pound 
cylinder, was launched into orbit. Now the 
oldest man -made veh icle in pace, its predece -
so r having " decayed," Ex-plorer I is still si
lent ly orbiting earth and it is interesting to 
nole th at this pioneer spacecraft may still be 
" up" when man fir t et foot on the moon. 

The first four years of American space ex
ploration have been extremely active ones. In 
t hat time, the U. S. has successfully lau nched 
65 spacecraft, and the broad American space 
program offe1's considerable promise for the 
fut ure. 

As we en ter the fifth year of space progress, 
it i appropriate to take a hort-range look at 
.. 11·hat' next. " What wi ll the next 12 months 
bring in American space fli ght? 

The coming year will see the introduction 
of some new space p rograms and the continua
tion of a number of projects started in earlier 
years. Among the major steps will be a new 
series of scientifi c spacecraft, advances in ap
plied spacecraft, the first planetary investiga-



tions, with missions to the vicinity of Venus, 
forw ard steps in lunar exploration, and 
manned space flight. 

The U. S. civil space program, conducted 
by the National Aeronautics and Space Ad
ministration, can be broken down into three 
general areas : scientific spacecraft, which 
seek purely scientific information to add to 
man's storehouse of knowledge about the uni
verse; applied spacecraft, which can be em
ployed in the near future to bring practical 
benefit to mankind; and manned space flight. 

High on our list for 1962 are the scientific 
spacecraft, which include sounding ' rockets 
and satellites which operate in the vicinity of 
earth; and lunar, planetary and interplanetary 
spacecraft. 

In the former category will be a continuinf!; 
series of space probes, small instrumented 
packages which are launched on suborbital 
flights to acquire specific data. There will 
also be a continuation of the Explorer series 
of earth satellites, which wiii seek general in
formation on cosmic radiation. the earth's 
magnetic field , micrometeorite frequency and 
allied areas of interest. These satellites will be 
launched into varying types of orliits with 
different combinations of instruments. 

A scientific space program of considerable 
interest scheduled for first launch in 1962, is 
OSO, the Orbiting Solar Observatory, the first 
of a series of satell ite observatories which in
cludes OAO (Orbiting Astronomical Observa
tory) ·and OGO (Orbiting Geophysical Ob
servat\)ry). 

The OSO satellite is 37 inches tall and 
weighs about 440 pounds. It contains a num
ber of instruments to make solar measure
ments of the ultraviolet, gamma ray and X
ray regions of the spectrum from points above 
the earth's atmosphere, which distorts such 
measurements. OSO is stabilized and sun· 
oriented, so that the instruments are always 
pointing toward the sun. The first OSO will 
be launched into a cir cular earth orbit at an 
altitude of 300 miles; later versions will be 
sent into solar orbit. 

The coming year will also see an expanded 

nalional lunar exploration program with the 
Ranger spacecraft. Ranger is a 10-foot tali 
spacecraft weighing about 725 pounds. 
Ranger will release a capsule designed to 
"hard" land on the lunar surface, sending back 
lunar data in the period just before impact 
and performing a number of experiments 
while on route to the moon. For acquisition 
of lunar data, Ranger is equipped with instru
ments to measure surface radiation and with 
television cameras which will send back to 
earth "close-up" photos of the moon moments 
before impact. Ranger will also contain a 
small, ejectable capsule designed to survive 
the impact through a combination of a retro
rocket to slow its descent, and cushioning ma
terial in the capsule itself. The spherical cap
sule, weighing about 300 pounds, contains a 
seismometer to record "moonquakes," and a 
temperature recording device. An altimeter 
will trigger its ejection from the Ranger 
spacecraft about 15 miles above the lunar sur
face. Once on the surface, the capsule will 
immediately start transmitting data to earth, 
and it will continue to do so for 30 to 60 days. 

The first test flights of the Ranger space
craft were attempted in 1961. In 1962, three 
Ranger lunar missions are scheduled; the first 
of these, launched in January, was a near 
miss, passing within 23,000 miles of the moon 
and providing valuable experience m space
craft technology. 

Although Pioneer V, launched in 1960, 
provided some interplanetary data, the first 
U. S. attempt to acquire information about a 
specific planet will come in 1962. Scheduled 
for thi s year are two launches of the Mariner 
R spacecraft, designed for a "fly-by" of Venus, 
coming within approximately 16,000 miles of 
earth 's nearest planetar y neighbor in space. 
The 1,100-pound Mariner R will investigate 
interplanetary space between the orbits of 
earth and Venus and will carry instr umenta
tion to record data about Venus itself, such as 
the temperature of the surface and atmosphere 
and the strength of the Ven us ian magnetic field. 

In addition to these programs, the United 
States will participate in 1962, in a new in
ternational program designed to provide 

forei O"n nations with space research capabil
ity. In cooperation with the United Kingdom 
and Canada, the U. S. will make available 
launch vehicles and spacecraft, together with 
tracking and data acquisition facilities,. for 
experiments to be conducted by these natwns 
with instrumentation of their own design. 

The year to come will also witness progress 
in the field of applied spacecraft, the meteoro
lo<Yical and communications satellites which 

0 

have been under test since 1960. 
The Tiros program (Television and Infra

Red Observation Satellite) has been aimed at 
development of an e~rth satellite syste~. to 
aid in weather forecasting by transmitting 
television photographs of earth's cloud cover 
and infra-red measurements of the solar en
ergy absorbed and reflected by earth. Since 
less than one-fifth of earth's area can be cov
ered by ground observations, such a system 
can fill in the large gaps between stations and 
aid immeasureably in accurate forecasting. 

The program to date has been highly suc
cesful. Tiros I, launched in April, 1960, was 
followed by Tiros II (November, 1960) and 
Tiros III (July, 1961). These satellites sent 
back many thousands of good cloud cover 
photos which were put to practical use. Tiros 
data are analyzed at two U. S. Weather Bure~u 
stations, where meteorologists process the piC· 
tures and prepare cloud analyses, showing on. 
a map the distribution , structure and fonn of 
the clouds. The maps are transmitted by fac
simile to the National Meteorological Center 
in Washington for use in preparing weather 
maps and prognostic charts. 

The satellites' value was attested recently 
by David S. Johnson, chief of the U. _s. 
Weather Bureau's Meteorological Satelhte 
Laboratory. As an example, he cited the ph?to· 
graphs of tropical storm Liza taken by Tuos 
III in 1961. "These showed," said Mr. John· 
son, "that the analyzed position of the stonn 
center as determined from the few conven· 
tional observations available was in error by 
about 500 kilometers (about 300 statute 
miles)." 

Other e·xamples mentioned by Mr . Johnson 



were the accurat f 
h e orecast by the Australian 

,,eat er service f b . 
o a reak m an extended heat 

ve,. made possible by data from Tiros II, 
nd Tuos III' d. a • s Jscovery of Hurricane Esther. 
Dunng 1962, there will be fo ur additional 

firos launches, the first to take place within 
rhe first q~arter of the year. They will be at 
the same tune developmental and operational 
1nissions, for the Weather Bureau will con

to utilize Tiros data. 
Tiros, however, has one main disadvantage: 

its cameras do not always point at earth; the 
te remains in a fixed attitude, so that 

a major portion of the orbit the cam-
are directed away from earth, out into 

This deficiency will he corrected in the 
second-generation meteorological satellite, 
~irobus, which will he earth-oriented through
out its orbit. Two Nimbus satellites, flown 
;irnultaneously in polar orbits, can provide in
formation from every point on earth every 
six hours. Late in 1962, NASA will launch 
the first of these advanced satellites. At the 
same time, NASA has under consideration a 
third-generation weather satellite known as 
Aeros, capable of injection into a circular 
stationary orbit at an altitude of 22,300 miles. 
Three of these can provide continuous moni
toring of global weather. 

There will be, in 1962, considerable activity 
in ASA's other major applied spacecraft 
program, involving development of a space 
communications system. There are two types 
of communications satellites : the passive. in 
which signals are sent from one point on 
earth and "bounced" off the sa tellite to an
other point on earth, and the active-repeater , 
in which the satellite contains equipment fo r 
receiving and re-transmitting television, tele
phone and other forms of signals. 

Echo I , launched in August, 1960, is a n 
example of the passive satellite; it is a 100-
foot Mylar plastic, aluminum-coated inflatable 
sphere off which signals were bounced success
fully. 

NASA has scheduled another 950-mile al
titude suborbital flight of a larger (135-foot 
diameter) Echo sphere which will be "rigid
ized'' to retain its shape even after loss of the 
inflated gas. Later, the rigidized Echo will be 
launched into orbit as a passive communica
tions satellite experiment. 

Also in 1962, in the last half of the year, 

NA~A will conduct the first test of an active
repeater sa tellite known as Relay, a 29-inch 
octagonal spacecraft containing two transmit
ters and a variety of other equipment for relay
ing messages and telemetering test results. 

Another spacecraft scheduled for 1962 
launch is Telstar, the first commercial com
munica tions satellite, a proj ect sponsored 
by American Telephone and Telegraph Com
~any . Telstar will be an active-repeater satel
ht~ , a sphere weighing about 170 pounds. 
WJth Telstar, AT&T will conduct television, 
telephone, radio and telegraph experiments 
between company ground stations in Maine 
and New Jersey. NASA will provide-and be 
re-imbursed for-launch vehicles, launching 
and tracking facilities and range and launch 
crews for each satellite of the Telstar series, 
possibly two of which will be launched in 1962. 

Where Relay and Telstar are relatively low 
altitude communications satellites, with orbital 
apogees of about 3,000 miles, another space 
communications project scheduled for 1962 
launch is the high altitude, or 24-hour satellite, 
Syncom. An active-repeater satellite, Syncom 
will weigh about 50 pounds. It will be 
launched into orbit at an altitude of 22,300 
miles, the same altitude required for the so
called stationary satellite which remains over 
a given spot on the earth's surface. Syncom 
will not be stationary, however. It will move, 
close to a selected meridian of longitude near 
the U. S. east coast, in a "figure eight" pattern 
33 degrees north and south of the equator. 

These four programs, together with the 
Army's Advent active-repeater "stationary" 
satellite, will provide the data on which to 
base a fully operational global communica
tions satellite system. 

Now, let us look at the manned space 
flight program. During 1961, this program 
enjoyed singula r success, as the Redstone
launched Mercury capsule carried the first 
two American astronauts into space on sub
orbital fli ghts. Later in the year, the larger 
Atlas booster launched Enos, the chimpanzee, 
on a single orbit mission, paving the way for 
manned orbital flight. 

During the next year, there will be a series 
of manned Mercury missions, the exact num
ber to be determined by the degree of success 
attained. Tentatively, NASA has scheduled 
six fli ghts. The first four fli ghts will consist 

of three earth orbits each, or a flight duration 
of approximately four and one-half hou~s. 
Later to test man's ability to live and work m 
the s'pace environment for longer periods, 
there will be hvo 18-orbit missions, in which 
the astronaut will remain in space for 27 
hours. 

In the meantime, there will be a great 
amount of behind-the-scenes effort in develop
ment of more advanced manned spacecraft. 
Work will begin on the Project Gemini space
craft, a larger, hvo-man capsule designed for 
earth orbiting missions of considerably great
er duration than those planned for the Mer
cury program. At the same time, initial devel
opment of the Apollo spacecraft will get under 
way. Apollo is the craft which will ultimately 
land three astronauts on the moon, after a 
series of earth orbiting and circumlunar mis
siOns. 

In another area of manned space flight, the 
X-15 special research airplane will continue 
its investigation of the space threshold. Last 
year, the X-15 flew to an altitude of 217,000 
feet and a speed of 4-,093 miles per hour, with
standing temperatures up to 1200 degrees 
Fahrenheit. In the coming year, it will be 
flown to still higher speeds and altitudes as it 
continues to explore aeromedical problems, 
aerodynamic and structural heating, hyper
sonic stability and control and piloting prob
lems related to this new flight regime. The 
results of this program will make important 
contributions to the development of a super
sonic commercial transport, a lifting re-entry 
spacecraft and the "aerospace plane" of the 
future. This versatile aircraft is capable of 
performing a wide variety of missions in near 
space. 

There will also be considerable activity in 
the development of launch vehicles for future 
space research. For operational space explora
tion , NASA will continue to employ !uch 
launch vehicles as Delta, Atlas, and Atlas
Agena. At the same time, there will be a 
series of tests of the newer launch vehicles ; in 
some cases the experiments will be combined 
with operational launches. The four-stage sol
id-propelled Scout vehicle, first flight-tested in 
1960, will undergo seven test launches in 1962, 
carrying research instrumentation in each case. 
Five of the launches will be devoted to super
circular (escape velocity) re-entry tests, seek-

COMPARISON OF MANNED· SPACECRAn 

PROJECT 
MERCURY 



SPACE PROGRAM-1962 

EARTH SATELLITES 
Series of sounding 
probes and Explorer 
satellites 
1 OSO (Orbiting Solar 

Observatory) 

SCIENTIFIC PROGRAM 

LUNAR, PLANETARY 
AND INTERPLANETARY 
3 Ranger (hard Lunar 

landings) 
2 Mariner R (Venus 

fly-by) 

APPLIED SPACECRAFT 

INTERNATIONAL 
Satellite launches 
in cooperation with 
United Kingdom & 
Canada 

METEOROLOGY COMMUNICATIONS 
2 Echo (suborbital) 4 Tiros 

1 Nimbus 

MANNED SPACE FLIGHT 
4 Mercury (3-orbit mission) 
2 Mercury (18-orbit mission) 

1 Echo (orbital) 
1-2 Relay 
1 Syncom (24-hour orbit) 
1 Telstar (commercial) 

LAUNCH VEHICLES 
7 Scou t (5 supercircular 

re-entry tests; 
2 electric propulsion 
tests) 

Centaur (several tests) 
3 Saturn (fi rs t stage tests) 

ing data for ap plicat ion to Project Apollo. 
Two other Sco ut mi ss ions will test electri cal 
power generation systems. 

The Centaur launch vehicle, which consists 
of an Atlas lower stage topped by a pair of 
hydrogen-fueled rockets. will be tested for 
the first time in 1962; se~eral Centaur launches 
are scheduled. Also scheduled for initial test 
is the Titan II booster , which will be employed 
later to launch the manned Gemini capsule. 

The basic, or C-1 version of the hu (Ye Saturn 
vehicle, will under(Yo additional t:stin <Y in 

0 0 

1962. This vehicle, which will have approxi-
mately 1,500,000 pounds thrust in eight clus
tered first-stage engines, was .first test flown 
late in 1961. A series of 10 more test fli ghts 
are scheduled; three of them, testing onl y the 
first stage, wi ll take place in 1962. 

A maj or part of NASA's work during the 
coming year will be devoted to improvement 
of the trackin g and data acquisition network, 
an area whi ch generall y escapes public notice. 
In the last few yea rs, a ve ry effecti ve network 
for tracking and obtaining data from un
mann ed satellites has been set up a long the 
east coast of North America and the west 
coast of South America. Also, a similar net
work for maintainin rr contact with short-dura-

. 0 

~Ion manned Mercury missions at all times is 
111 existence. Three s tations-at Goldstone. 
Calif. ; Woomera Australia· and J ohannes-
1 ' ' )Urg, South Afri ca- comprise the Deep Space 
!nstrumentati on Facility network for track
mg planetar y and interplanetary probes. 

Ho·wever , as satellites become more complex, 
capable of acquiring and transmitting more 
data, new fa cilities are needed. Similarly, 
add_itional stations may be required for the 18. 
orbit manned Mercury mission , since the cap
sule's orbit 'drifts" clue to the earth 's rotation. 

Scheduled for co mpleti on in 1962 a re a 
number of additional stati ons in the manned 
space fli ght network in order that voice and 
t: lemetry contact m'ay be maintained at all 
limes on an 18-0I·bit Mercury mission. At the 
same time, the instrumented sa tellite tracking 
and data · · · k · b · acq tJJSition networ JS em g ex· 
paneled and improved to take full advantage 
of the capabiliti es of advanced satellites like 
Nimbus and OSO. F or Mariner R and future 
pl anet~ry / interplanetary probes, improvements 
a r~ beJng made in the Deep Space Jnstrumen· 
tatiOn Facility. • 

That is th . · ' l 1962 · e C! VJ space pro"Tatn for , a 
ve r)' a t' . o . . 

• 
1 

c Ive p10gram and one winch wdl pro· 
ViOe " soli d base for the oTea ter achievements 
tu come in th ] 0 1 . , e seconc ha lf of space exp ora· 
li nn s first decad e. Althouoh NASA will direct 
the provram ·1 ? 
1 

· 0 . · , 1 s success vnll depend on anum· 
)ehr. ohf ot_her g roups : the aerospace industry 

W IC ~ il[ b : [d h . · " v ., Ui t e maJOr port1on of the 
ha rdware · th · t·t ,.. . h' h . . ' e m1 1 at y services, w. JC p1 O· 

VIele SlllJ.I)Ort . II . . serv1ces, a number of co eges 
a 11d unJ vers it'Ies tl · . . , o 1er government agencies. 
II ~e .the Weath P. t' Bu reau , a nd cooperating non
pi o f1t re earch o rganization s. It is an amhi · 
tious prog ram for a s ingle year , but one ·whi ch 
appears capable of f ulfdlruent 1 eca use of the 
equ ip ment reliability and tech nical know-how 
ga in ed duri ng the first :four years of space 
explorali 011. 

Aero.~pace lmlustries Asgoci·ation of Americn, 610 Shorelwm Buildiug, WaShington 5, D.C. 



USAF To Develop 
New Boosters 
(Continued from Page 1) 

]962. Most of the obligations 
11·ould be made by the Air Force 
1 1,175 million ) . Military astro-
11autic programs for 1963 include 
l'ontinued investigation of manned 
orbital space flight ; development 
pro.grams on nav~gation , communi
catiOns, reconnaissance and early 
~·aming satellites; and advanced 
boosters. R&D on very large solid 
boosters will continue, as well as 
·upporting research in such areas 
3 guidance, navigation equipment 
and payload components. As part 
of the national launch vehicle pro
•ram, the USAF will develop an 
fm prove d multi-purpose space 
booster system using both solid 
and storable liquid propellants. 

JEC Reactor Programs 

The Atomic Energy Commission 
is allocated $488 million for reac
tor development, of which $171 
million would go for aerospace re
actor , including Project Pluto, 
Project Rover and Proj ect SNAP. 

Of the total Department of De
fen e allocation of $7.5 billion for 
re arch and development, approx
Imately $6.7 billion involves aero
,pace programs. In breakdown , 
the USAF would have $3.8 billion 
up from $3.5 billion in 1962 ) in 

new obligational authority, the 
\avy 1.5 billion ( up from $1.4.. 
billion) and the Army $1.4.. billion 
rup from $1.3 billion). 

The Air Force R&D budget calls 
for obligations of $1.270 billion 
for missiles and r elated equipment 
;nd 476 million for aircraft and 
related equipment. The r emainder 
' in militar y astronautics and 
r,ther categories. 

'avy Missile R&D 
The fiscal 1963 N avy program 

mcludes $670 million for R&D on 
.i iles and related equipment and 
160 million for aircraft and re
lied equipment. Military astro-
1autics accounts for $46 million of 
fue total. 

The Army would obligate $446 
l!!illion for R&D on missiles and 
related equipment and $54 million 
:or aircraft and related equipment. 
lrmy's astronautics budget calls 

lor '100 million. 

The Department of Defense total 
·~l~gational a uthority for R&D of 
t.J billion represents an increase 
I 'BOO milli on over the fiscal1962 
rogram. 

llissile Defense 

Among the maj or programs for 
hich contracting authority is pro
ided in the 1963 DOD budget are 

continued developmental emphasis 
on defense against ballistic missiles 
with the Army Nike-Zeus, and 
further development of the Minute
man, Sky Bolt and Polaris missiles. 
In 1962, development will also be 
initiated on a new solid-propelled, 
m obile mid-ran ge balli stic missile. 
Maj or aircraft progra ms include 
continuing development of the 
C-141 militar y cargo transport and 
the B-70 Mach 3 bomber. Devel
opment will a lso continue on a 
new, high-performance, multi-pur
pose fighte r and a prototype 
VTOL, and development will be 
initiated on a new close support 
aircr aft. E ach of these three air
craft types is designed to meet the 
needs of all three services: 

FAA Research Progrcmt 
A min or item as far as dollar 

volume is concerned, but an im
por tant one to commercial avia
tion , is obli gational authority of 
$50 million for the Federal Avia
tion Agency's research and devel
opment program, which, together 
with an un expended $15 million, 
makes $65 million available for 
R&D on new airways equipment 
and techniques. In a separate 
allocation , the budget allocates 
FAA $25 million for civil super
sonic transport R&D. Funds for 
SST research ( the exact amount 
not indicated ) are also included 
in NASA's allocation of $52 mil
lion for aircraft and missile re
search. 
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Printer-Plotter Produces Charts, Graphs 
at Rate of 4,000 Lines Per Minute 

A new machine which can print 
charts, graphs and other informa
ti on at the rate of 4.,000 lines per 
minute has been installed in an 
aerospace plant. 

Called a P rinter-Plotter, the 
$300,000 machine p roduces at top 
speed 120 squ are inches of infor
mati on per seco nd, gobbling a 4.00-
foo t roll of paper in eight minutes. 

Although rapidity is its most 
important asse t, the Printer-Plotter 
can also convert numerical data 
into automaticall y plotted curves 
and into tapes which guide numer
ical-co ntrol equipment. 

P rior to installation of the ma
chine, the company's array of com
puters disgorged technical data 
faster than they co uld he printed. 
The new machine's remarkable 
speed will do much to remedy the 
problem. 

In operation, one side of a 
specially trea ted paper is drawn 
across a metal strip, while the 
other side is br ushed by the ends 
of 1,200 hair-like styli. The styli , 
100 to an inch, extend in a line 
across the paper. Data is con
verted electronically into electrical 
charges which energize the proper 
styli. These c har ges passing 
through the treated paper to con
tact the metal strip , cause a black
ening of the paper at the contact 

points. The minute black do ts form 
lines or fi gures. 

The machine produces its info r
mati on on either separate pages 
or continuous roll strips. 

Radioactive Tracers 
Check Failures 

A radi oactive tracer technique 
for pi npointing the cause of servo
valve failures in aircraft and mis
sile hydraulic systems has been de
veloped by an aerospace company. 

Based on evidence that contami
nating pa rticles cau e servo-valve 
failu res, the radioaclive tracer 
technique, for the ftrst time, makes 
it pos ible to continually follow 
the conta mination process while 
the servo-valves are in operation. 

In preliminary te t of the new 
system, dust particles of varying 
sizes were exposed to nuclear radi
ation before inserti on in a test sys
tem. Radiation-detection devices 
then "scanned" the system, during 
operati on, to determine the distri
bution and local accumulation of 
contaminants. 

With the new technique, trouble 
spo ts can be located without dis
mantHng the valves or removing 
them from the system. Permanent 
photographic records are also ob
tainable. 



Small Firms Do 
Big Business 

Small business is getting a large 
share of the aerospace market 
through the contracting policies of 
the aerospace industry. 

One company recently reported 
that nearly half of its purchase 
orders for materials and services 
were placed with small businesses 
during the first eight months of 
1961. 

Orders which went directly to 
vendors in the small business cate
gory (employing less than 500 
people) totaled $89 million. 

In addition, more than 90 per 
cent of all expenditures during the 
eight-month period was placed in, 
or within a 20-mile radius of. 
communities classed as depressed 
labor areas. 

Of orders placed with large com
panies, $52 million in turn was 
spent with small business in the 
form of subcontracts ur purchase 
orders. 

The aerospace industry makes a 
significant contribution w the U. 
S. economy through the broad dis
tribution of aerospace dollars to 
qualified subcontractors ~nd sup
pliers. 

Industry Develops Low 
Temperature Forming 

Achievement of low-temperature 
metal joining by an aerospace 
company should prove vitally im
portant in the construction of fu
ture space vehicles. 

All metals used in the construc
tion of spacecraft and missiles 
must have extremely high melting 
points in order to withstand the 
extremely high temperatures gen
erated by the speeds and stresses 
in outer space. (Tungsten, for 
example, has a melting point of 
6,170 degrees Fahrenheit.) When 
sections of such metals are j oined 
at this point, there is great r isk of 
damage to the metal. 

A method of low temperature 
joining, o~ low i~ comp~rison with 
the metal 's meltmg pomt had to 
be found to prevent recrystalliza
tion of the metal and to eliminate 
buildup of thermal stresses which 
cause the metal to break or 
wrinkle. 

After months of research, the 
company evolved a technique 
which centers around the use of 
concentrated induction heating to 
1 100 degrees Fahrenheit. Air is 
e~acuated from the test chamber 
in which tungsten sections are 
clamped; a mixture of hydrogen 
and tungsten hexafluoride in gase
ous form is directed through a 
nozzle to deposit tbe tungsten, re
duced to metal by the concentrated 
heat on to the joint. 

SPACE SCOREBOARD 

At year's end, the U. S. had a substantial lead in satellites in orbit with 31 in earth orbit, 
two orbiting the sun and ten satellites of the total still transmitting. The USSR had one 
satellite in earth orbit, two in solar orbit and none transmitting. However, the USSR, because 
of the availability of very high thrust boosters, were able to place. in earth orbit two manned 
spacecraft. The U. S. has successfully shot two manned capsules in suborbital trajectories. 
The U. S. broad front approach to space exploration is starting to pay dividends now with 
the sure promise of much greater results to come. The aerospace industry is a key member 
of the Government-industry-science team that is opening up the limitless vistas of space. 

Science Foundation Reports USSR Leads U. S. 
in Scientific and Technical Graduates 

The National Science Founda. 
tion says Russia is producing two 
to three times as many scientific 
and technical professional gradu
ates annually as the United States, 
and the Soviet pace is expected to 
accelera te throughout this decade. 

In an analysis of Soviet educa
tion, the Science Foundation found 
that their educational system re
flects "the total Soviet commitment 
to developing science and tech
nology as economic and political 
weapons of the sta te." 

The Russian emphasis upon 
science and technology is seen by 
the fact that 57 per cent of all 1959 
Soviet graduates at the bachelor's 
level were in engineering, sciences, 
and selected applied science fi elds. 
In comparison, only 24 per cent of 
the United States graduates re
ceived degrees in those fi elds. 

While the instruction in funda
mentals of science and engineering 
was found to be extensive in Rus
sia, curricula were directed toward 
narrowly defined specialties for 
the purpose of equipping the in
dividual student to perform spe· 
cific technical and scientific jobs, 
the report said. 

The study reported that the 
U.S.R.R. has been operating a 
much more selective educational 
system than the United States at 
every level except the elementary 
one. A far smaller ratio of 
Rus ian students gain access to 
secondary and hiaher educational 
levels, and there is"'no Soviet equiv· 

alent of the American university 
liberal arts program. 

Nearly one-third of all Soviet 
engineers, scientists and agricul
tural specialists are engaged in 
administrative tasks and in run
ning the government, the report 
said. 

N.AEC Offers Booklet 
on Teaching Aids 

An updated fourth edition of the 
booklet Pictures, Pamphlets and 
Packets has been published by the 
National Aviation Educa tion Coun
cil and is available for distribu
tion. 

The valuable booklet contains 
listings of free and inexpensive 
air/space age teaching materials 
- pamphlets, booklets, charts, kits, 
pictu res, films, etc., produced hy 
aerospace manufacturers, th e air
lines, government agencies, and 
private and professional organi 
zations. 

The four th edition includes 516 
listings (of which 313 appear for 
the fi rs t time) from .107 sources. 

Single copies of the bo_oklet . are 
free to educators and hbranans 
request ing it on school or liln:ary 
stationery. For others there IS a 
charge of 25 cents per copy. Send 
requests to the National Aviatio~ 
Education Council, 1025 Connecti 
cut Avenue, N. W., Washington 
o, D. C. 

Crystal Whiskers 
Improve Strength 
Of Space Materials 

Fine filament-like crystals re· 
sembling human whiskers, but far 
stronger, will be used in the manu
facture of future space systems. 

The laboratory whiskers are 
grown from many materials-lead. 
tin , copper, graphite, saphire and 
even table sa lt. The whiskers are 
unique, however, in that they are 
many times stronger than the ma
terials from which they are made. 
The perfection of the crystal struc
tures accounts for their enormous 
tensile strength which reaches a 
level of millions of pounds. In size, 
however, they are microscopic. 

The whiskers are being devel
oped by an aerospace company for 
use in mixtures with plastics or 
metals. The resulting product will 
build strong and lightweight space 
structures. The company reports 
that saphire whiskers are the most 
desirable, because of their high 
melting point and resistance to 
oxygen. 

Manufacturing methods for the 
whiskers vary with the material. 
Some are grown from solution, 
others by pressing thin films of 
the whisker material between pol
ished steel plates, and still others 
by deposition from a vapor. Shapes 
vary. Some are needle-shaped, 
others are spirals, or in tightly 
wound scrolls. 

Length of the whiskers is R 

thousand times their diameter. 
Says one scientist : " If all the indi
vidual whiskers in a pound were 
laid end to end, they would stretch 
half way around the Earth." 
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AlA PROJECTS CONTROL DEFENSE COSTS 

U. S. WINGS AHEAD 

AIRCRAFT MOVEMENT U. S. CITY ...--.A-.IRC ... R-.AFT ___ M ... o_vE_M_EN_TS.._. -. 

London 146,506 Indianapolis 148 595 

Paris 
(2 airports) Omaha 128,877 126,341 

Zurich 101,800 Little Rock 102,244 

Rome St. Joseph, Mo. 

1961 U.S. Space Program Shows Qains 
In 'Impetus, Breadth', Report States 

The 1961 U. S. space program 
gained in both "impetus and 
breadth," according to the Admin
istration's annual report on space 
activities to Congress. 

One of the most significant as
pects of the year's activity, the re
port said, was the decision to land 
a team of U. S. explorers on the 
moon during the present decade. 
The timetable previously had not 
called for a landing before the 
mid 1970's .. 

Great strides also were made in 
the application of satellite technol
ogy to world communications, 
weather observation and predic
ti on, and navigation. 

• More than 30 satellites were 
placed in orbit during the year , 
brin ging the nati onal total to 
more than 60. 

Other space highli ghts li sted by 
I he report included : 

• Saturn, the most powerful 

rocket known to exist in the world, 
was successfully flight tested in 
preparation for its utilization in 
the moon exploration effort. 

• Two American astronauts 
q1ade suborbital flights and two 
spacecraft- one carrying a chim
panzee - were flown around the 
world , in preparation for the na
tion 's first manned orbital fli ght. 

• Nuclear power sources were 
operated aboard earth satellites 
for the fir st time in history. 

• Four Discoverer satellites were 
recovered in the air as they para
chuted out of orbit. A total of 
nine satell ites have been recovered 
after orbital fli ghts. 

• The rocket-powered X-15 re
search aircraft es tablished world 
speed and altitude records for th 
second successive year. Late t rec
ords were an altitude of 41.1 miles 
and a speed of 4.,093 mile per 
hour, more than six times the 
peed of sound. 

• Three succ essfu l launches 
were made in Project Transit, a 
program to develop a system of 
satellites to advance navigation at 
sea. 

• Two successful fli ghts were 
conducted in Proj ect Midas, a 
program to de_velop a reliable net
work of satelli tes to detect ballis
tic missile launchings. 

• The orth American Air De
fense Command began operating a 
center to detect, track and cata
logue obj cts in space, for secur
ity purposes. 

• communcati ons satelli te 
po li cy was i sued. Steps were 
taken. to deve lop, an operational 
satelhte ~~n tmmnca tio ns system 
with spe die test and ba ic leai -
]ation s heduled fo r 1962. " 

• Progre s Was made in devel
opment of nu lear ro ket eno·ine 
as w II as _large solid an l l ~uid : 
fueled engmes. 

Organization Aids 
U.S. Agencies 

In this era of rapidly changing 
technology, it is of paramount im
portance that the nation's defense 
and space programs are managed 
with the greatest possible degree 
of efficiency, particularly in the 
area of controlling costs. In this 
connection, the trade association 
renders valuable assistance to the 
government agencies directing the 
programs. 

Aerospace Industries Associa
tion, which represents the manu
facturers of aircraft, m i s s i I e s , 
spacecraft, propulsion systems and 
their accessories and components, 
provides an excellent example of 
how the trade association makes 
substantial contributions to the 
efficient management of defense 
and space programs. 

AlA acts as a communications 
link between government and in
dustry in solving problems arising 
from aerospace research, develop
ment and production. Its acti~i
ties are carried out by 4.1 commit
tees and councils, each staffed by 
a number of thoroughly qualified 
company representatives, with a 
total of 1,600 specialists participat
mg. 

One of the more important re
cent projects handled by Al A co_m
mittees is a new system of machme 
toolino· called APT (Automatically 
Proar~mmed Tools) . The APT 

"' system involves the use of d~ ta 
computers to program the cutt1ng 
of parts by nw11ericall controlle_d 
tools. The design of the part IS 

converted into APT "language" 
and fed into the computer, which 
makes the geometric calculations 
and converts the data to tape form. 
The tape then directs the motions 
of the machine tool i11 cutting the 
part. 

The d elopment was tarted by 
Massachusett Institute of Tech
nology in 19 5 and picked up b 

I . in 1957, with 19 member 
companies participating in ad
vru1ced development of PT under 
ATA's Technical ervice. Rec ntly, 
the r ults o£ the ombin d fforts 
of these compani s- plu on non-

1 . company- were turned o e.r 
( See TRAFFIC; Pnge 7) 



Plane Views 

A 1,200-Jb. satellite motion simulator, developed by 
an aerospace company, is so finely balanced that it: 

• if a fly lands on its surface. 

BENDS 
• under the pull of gravity. 

FLOATS 

• on a film of gas about 1/1000th of an inch thick. 

AEROSPACE 

-Siren's ft.oar Tests 
Rocket ·Materials 

A un ique method to test a space 
vehicle's abili ty to survive the de
structive roar of its gian t engines 
is in use at an aerospace plant. 

The company employs a power
ful siren which produces a sound 
level of 172 decibels-more than 
a million times the level that 
causes ear pain- to duplicate the 
acoustic environment of r ocket en
gines. Engineers can then deter
mine well in advance of actual 
fl.ight testing if spacecraft mate
n als and components can function 
reliably under the tremendous 
pr~ssures generated by the rocket 
noise. 

~s larger and more powerful 
engmes are developed for deep 
space probes, rocket noise will be
come an increasingly serious prob
lem. This noise touches off vibra
tions so violent as to threaten the 
self-destruction of the spacecraft. 

By simulating the level of lift· 
off noise and observing its effect 
on materials and components, the 
company can design space system 
which wil.l take the punishment of 
the most severe noise conditions. 

Aerospace Quote 
· " We cannot permit space to 

be dominated by those who 
have shown themselves to be 
the enemies of freedom. For 
the nation that domin ates space 
might- if it chose-be able to 
domina te the world. I am con
vinced that we m ust be pre
pared to operate in space in or
der to preserve peace on earth. 

"To operate in space, we 
must first be able to reach 
space. The way has been pro
vided by the inter~ontinental 
ballistic missile, wh1ch travels 
outside the earth's atmosphere 
du r ing a large part of i ts.traj ~c 
tory. Today our strategic rms
siles provide most of the bo_o~t
ers for both military and civil
ian space programs. They have 
a ttained a quite satisfact?~Y r~
liabiUty, and th at rel~ab1_hty JS 

still improving. Both h qmd an d 
solid-fueled missiles will serve 
as an increasingly impor tant 
part of our nation's strategic 
forces."- Gen. C. H. Mitchell, 
Vice Commander, AF Systems 
Command. 
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Eve•·ything Is Go 
E. C. Bow-yer, Director of the Society of British Aircraft Con
structors, sent the following cable to A ugust C. Esemvein., 
President of the Aerospace I n.du.stries Association. : " Our 
warmest congratulations to 'JOZtr Aerospace members who 
share in Colonel Glenn's great achievement. This is a triumph 
for American technolog-y and development. W e salnte -yon." 

With the possible exception of the memorable first p owered flight 
at Kitty Hawk, no aerospace mission in history has had such a profound 
and dramatic impact on the mind of man as did Astronaut J ohn Glenn';: 
orbital Mercury space fli ght on February 20. 

It will be months before the extent of the impact can be adequately 
measured, but it is immediatel y apparent that Mercury Atlas Six will 
exert strong influ ence in three vital areas. 

First, there is the all-important matter · of international prestige. 
Initial reacti on, as reported by press services all over the world , indi
cates that in one master stroke the U.S. regained an enormous amount 
of the prestige lost in earlier days of the space age. It was not so much 
Glenn 's accomplishment which brought this about, since a three-orbit 
mission is an intermediate between the two Soviet manned space fli ghts. 
It was rather the open way in which MA-6 was conducted, on live radio 
and television with replays beamed to all parts of the globe. As one 
observer put it, "The world thinks that the Soviet Union orbited men, 
but it knows that the U.S. did. " 

Secondly, in the glow of national pr ide in Glenn's accomplishment, 
there will be even stronger support for future U.S. space programs. 

Third, the unqualified success of MA-6 will permit regaining some 
lost ground in the long range space program. 

Astronaut Glenn most certainly deserves all the honors and awards 
he will receive for the courage and skill he displayed on the flight. 
Glenn, however, repeatedly pointed out that the success of MA-6 was 
brought about by a great many individuals, agencies and companies in 
a magnificent exhibiti on of precise teamwork. 

The National Aeronau tics and Space Administra tion merits the high
est commendation, first for the technical competence displayed by its 
person nel in the ma nagement and direction of the Mercury p rogram, 
and secondly for the administrative decision to conduct the Mercury 
fl ights in public view. This decision, once subj ec t to criti cism, paid 
impor tant dividends. 

Another gro up which deserves the plaudits of the na ti on is the aero
space manufacturi ng in dustry. The Mercury program involved hun
dreds of articles and systems tu rned out by industry, not only the 
capsule, launch vehicle, guidance system and rocket power plant, but 
the tracking and communicati ons network and such items as ground 
rheck-out equipment. escape mechanisms, parachutes, retro-rockets 
train ing devices and a variety of olher equi pment. Each ma jor con
tractor had hundreds of suppli ers and subcontractors, and altogether 
there were several thousand companies participating in the Mercury 
program, with more than 90 per cent of all Mercury equipment sup
plied by industry. Never has there been a more effective demonstration 
of the reliability of U. S. aerospace products. 

Glenn's fli ght provided terrifi c impetus to the U.S. space program. 
In astronaut language, "Everyth ing is go." 
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Late in 1956, an aerospace firm purchased 
two profilers for a total cost of $195,000. 
No w, Jess than six years la ter, these automA tic 
three-dimen3ional milling machines are obso· 
Jete- replaced by numerically-controlled pro
fil ers which are faster and more accurate. Re
placement of the two machines cost $1100,000 ; 
yet the firm has only recovered a portion of 
the cost of the original machines because the 
Treasury Department arbitrarily assigned a 
15-yea r tax life to them. 

Here is another example : An aerospace 
firm has invested approximately $400,000 



during the past two years in machines utiliz
ing the electrolytic metal removal process. 
During that period, the equipment required 
has advanced from a 15.00-ampere rating to 
10,000 amperes- with r esultant increased proc
essing rates. The company is anticipating re
quirements for 20,000 amp-rated equipment 
within two more years. These striking ad
vances in the art of electrolytic metal removal 
could not have been accomplished without the 
original machines; yet a good share of them 
will become obsolete within two more years 
- at least 11 years before the firm can possi
bly recover its cost through its prescribed tax 
wri te-o:ffs. 

These are but two instances of the prob
lems being faced by aerospace firms because 
of the Federal government's adherence to 25-
year-old tax policies which are totally out of 
step with the technical and scientific pace of 
the era. 

The burden of grossly inadequate deprecia
tion allowances is one which has beset most 
of American industry since World War II. It 
is generally accorded the dubious distinction 
of being the principal factor in the steady de
cline of Uni ted States industry in the Free 
World marketplace in the past 15 years. But 
the problem, serious as i t is for more stable, 
evenly-paced industr ies, is reaching critical 
proportions for the aerospace industry which 
must main tain a fantastic r ate of technical 
and scien tific progress in behalf of the na
tional security. 

The dem anded pace m the fields of more 
advanced weapons systems and more daring 
space exploration has been met and will con
tin ue to be met. But the task is not without its 
casualties-the costly equipment and facilities 
which serve their precise purpose in a brief 
span ~:>f progress and then become useless. 

These facili ties may be in use for six years, 
four, or two. There are instances recorded in 
which the useful life of equipment was less 
than a year. It must he borne in mind that no 
matter how advanced a machine tool may be, 
it becomes obsolete the moment that another 
machine does the same j ob more inexpensively. 

When an aerospace man ufa cturer buys a 
machine tool today he does so in the unhappy 
realization that he will never recover his in
vestment in it, regardless of how vi tal the 
eq uipment may be to our space-age advance
ment. Long before he can depreciate it com
pletely under current tax regulations, he prob
ably will have replaced it two or three times 
with more advanced, more costly equipment 
whose cost he is also likely never lo recover. 

Less than 10 years ago, an aerospace firm 
purchased 27 broaches, machines designed to 
cut slots in compressor and turbine discs. The 
machines, limited to a 90-inch stroke, cost 
$30,000 each. It was realized they would soon 
be discarded in favor of more advanced mod
els with longer strokes. In 1955, they were 
replaced by machines with 180-inch strokes, 
costing $65,000 apiece. Last year, the replace
ment process was begun once more with ma
chines having 240- to 480-inch strokes _and 

costing $69,000 to $79,000 each. The early 
machines-long since assigned to retirement 
- must still be depreciated at a snail's pace 
even though they have since been replaced 
with two more advanced models. 

Another firm purchased 226 vertical turret 
lathes-one of the most important machine 
tools in jet engine manufacturing-at an av
erage cost of $60,000 apiece. Because of the 
introduction of many new types of jet engines 
in the four years since, less than one-third of 
the lathes are now being fully utilized. Auto
matic equipment on 150 of the machines is 
now obsolete and an expenditure of $3,750,-
000 is being wasted. 

A number of welding machines costing 
$4-0,000 each were purchased in 1956 by an
other fi rm . Yet two yea rs later , development 
of a new r iveted constr uction made the ma
chines obsolete and they have been consigned 
to welding tasks which could be performed by 
machines costing only a third as much. This 
loss likewise will not be recovered by the com
pany for more than a decade. 

Numerical control of machine tools, a proc
ess which is only 10 years old, is responsible 

•for a good deal of obsolescence. Even nu
merically-controlled machines are the -victims 
as well as the villains, however. One aero-

SPEED OF OBSOLESCENCE 
Four years ago, an aerospace company purchased 
226 machine tools at an average cost of $60,000 
each. Equipment on 150 of these tools, amount
ing to $3,750,000 of the total cost, is now obsolete. 



TOOL INVESTMENT 
The aerospace industry has about 30 per cent of its gross investment 
in specialized equipment such as dies, jigs and laboratory and test
~ng fa_cilities which have extremely high obsolescence rates. Industry 
IS est1mated to have cost about $700 million in such investments 
which can not be recovered because of present depreciation policies. 

space firm reports that three manufacturers 
have discontinued production of tape systems 
and spare parts for certain machines less than 
fi re years old . 

Another compan y rep or ts that millin g rna. 
rhine acquired less than two yea rs ago h ave 
become ob olete due to advances which elimi
nate all mechani cal m otions in the co ntrol . 

Consider for a moment the histor y of the 
jet-engine industry. It is less than 20 years 
old, but in that r elative] y short span of time it 
ha progressed from subsonic speed ranges, 
through Mach l and Mach 2 capability to 
where it is now proving Mach 3 designs. 

These instances which I have set forth are 
symptomatic of the aerospace industry today. 
The faster the industry pushes the successive 
stages of weapons and space art, the more it 
pena lizes itself because of its inadeq uacy to 
cope finan cially with obsolescence. 

It is squeezed between increasing demands 
for added performance and reliability of 
prod uct on the one hand , and its failure to 
fina nce adeq uately the costs of technological 
advance on the other. 

Within the past five years, the industry has 

1952 $30,000 

1955 

had to acquire nearly $2 billion worth of new 
facilities required to keep pace with the tech
nology. Because the cost of these facilities 
will never be recovered through depreciation, 
they have been financed largely from earn
ings, which have dwindled steadily. In fact, 
the necessity of diverting income to finance 
facilities and equipment is one of the key fac
tors in the constant decline of aerospace earn· 
ings for the past six years. 

No less than 30 per cent of the gross invest
ment of aerospace companies is tied up in 
highly-specialized equipment such as jigs, 
dies, fixtures, special testing and laboratory 
equipment, and related facilities which have 
extremely high obsolescence rates. It is esti
mated that the industry has lost about $700 
million in such inv~stments- a sum which 
never can be recovered because of penalizing 
depreciation regulations. 

The Administration has taken note of the 
predicament which this and other industries 
face. President Kennedy commented last year 
that "as we face serious pressure on our bal. 
ance of payments position , we must give spe
cial attention to the modernization of our 
plant and equipment. Forced to reconstruct 
after wartime devastation , our friends abroad 
now possess a modern industrial system help
ing to make them formidable competitors in 
world markets. If our own goods are to com
pete with foreign goods in price and quality, 
both at home and abroad, we shall need the 
most effi cient plant and equipment. . .. " 

While our antiquated depreciation policies 
have been penalizing progressive industries 

$65,000 

During this period, design concepts have 
changed drastically and rapid ly. Obsolescence 
of testing faciliti es is rapid . In order to m eet 
mil itary requirements, an engine model must 
he conceived , designed and developed in a 
matter of months. The time devoted to com
ponent tests is generally less than 24. months. 
The radical changes in power plants make 
testing a necessa ry part of propulsion system 
development activities. The technology ad
vances so rapid] y that seldom is it possible to 
build specific test facilities that m eet current 
requirements and simultaneously have the 
flexibility to meet undefined future require
ments. As a result, test facilities and test 
equipment become obsolete almost immediate
ly at the time the propulsion equipment enters 
the production stage. 

TODAY . $69-79,000 

Higher performance requirement_s . c~use the 
rapid evolution of new designs ut1hzmg new 
exotic materials and more complex configura
tions. These in turn necessitate development 
of new processes and equipment. The cycle 
continues as the development of capabilit! for 
Processincr new materials permits the designer 
to gain e~gineering knowledge ~hrough actual 
experience with this new matenal. 

· f a yet Because metalworking properties 0 

Undiscovered material cannot be predict~d ~t 
the time metalworking equipment is acqmre ' 
it is inevitable that the rate of obsole~cen~e 
In this area will always parallel the raplCl a · 
lances in technology. 

MODERNIZATION COSTS 
A typical machine tool widely used in the aerospace in
dustry cost $30,000 in 1952. Three years later this tool 
was replaced with a newer model costing $65,000. The 
model required today costs between $69,000 and $79,000. 



RATE OF OBSOLESCENCE 
1962 

ONE-THIRD OF U.S. 
INDUSTRY OBSOLETE 

1972 

ONE-HALF OF U.S. 
INDUSTRY OBSOLETE 

Under today's depreciation policy, about one-third of all U. S. plants and 
equipment are obsolete by European standards . If the present policy is 
continued, by 1972 half of all U. S. industrial equipment will be obsolete. 

at home, here is what the industrial elite of 
the Free World have been doing since World 
War II: 

West Germany allows productive machinery 
to be charged off in 10 years, with heavier 
deductions specified fo r the early years. Den
mark writes off 50 per cent of the cost of rna · 
chinery in the firs t five years. Sweden allows 
the write-off of the ent ire cost in 2-5 years. 
Great Britain allows 30 per cent to be depre
ciated in the early years. 

Private investment has been so stimulated 
by these liberal policies that these countries 
have been forced at times temporarily to re
strict investment. While the United States is 
achieving a growth ra te of about 4, per cent 
by reinvesting only 16 per cent of our gross 
national product, Japan is achieving a growth 
rate of 81jz per cent by ploughing back 25 per 
cent of its GNP. Even Russia, by reinvesting 
25 per cent of its GNP, has a growth rate 50 
pet cent larger than our own. 

According to a recent study by Johns Hop· 
kins, the Soviet Union is considerably more 
sensitive to machine tool obsolescence than 
are we. The report says that machine tools 
should be replaced in less than 10 years from 
the time of installation. 

Our national policy of adhering to a tax
life of 15-25 years on machinery has today 
rendered one-third of all U. S. plants and 
equipment obsolete, inefficient and clumsy by 
European standards. It will cost an estimated 
$95 billion to modernize, and the investment 
funds are not in prospect under the penalizing 
depreciation policies applied to them. 

As present tax rates stand, the situation can 
only get worse. Present policies allow an esti
mated $5 billion less in depreciation than is 
necessary to keep up to date. This means that 
within lO more years at this rate, half of the 
nation 's industrial plants will be obsolete. 

While we have thus far considered retool
ing necessitated by technological advances 
the investment problem is compoqnded by th ~ 
inflationary spiral under whieh we have la
bored since the war. In 1957, it cost at least 
60 per cent more to duplicate plants and 
equipment purchased in 1950. Inflation has 

dea lt much more harshly with some indus
tries. As an example, a blast furnace which 
cost $8 million in 1950 now costs $26 million 
to replace. 

Inflation itself poses serious problems for 
industry, but the ability to depreciate facili
ties and equipment within their realistic life
time would give the manufacturer an 1m· 
proved chance of coping with it. 

The factor of inflation, coupled with the 
deterrent provided by inadequate depreciation 
cannot help but provoke a hard look at re· 
placement procedures by industry. They lead 
investors to measure their investment, not in 
terms of ultimate earnings, but in terms of 
whether the equipment in question can pay 
for itself in savings during its brief life-span. 
When manufacturers are dealing with a fine 
profit margin, the answer too often is nega
tive. 

It is hard for a businessman to look more 
than fi ve years ahead in this day of onrush· 
ing technological advancements. In the aero
space industry, it is often impossible to see 
beyond the end of current contracts. When 
depreciation regulations cause such a busi
nessman to look 15 years ahead, his invest
ment goes well beyond a normal business risk 
and becomes an out and out gamble. 

It is a common fa llacy to consider the facts 
heretofore set for th as problems of big busi
ness rather than the small manufacturer. Any
one who does so deludes himself, for the fact 
is that the small businessman suffers to a 
greater extent than the large operator. Since 
depreciable lives are at best the result of edu
ca~ed guesses backed up by the best possible 
documentation, the small businessman is 
handicapped by the lack of resources to pre
sent his case forcefully. 

Relief for all industry, both large and 
small, will come only from a readjustment of 
tax policies so that they no longer penalize 
the manufacturer who attempts to keep on 
top of a highly competitive field. 

There is an elementary need for an adjust
ment of tax philosophy, as developed by Can
ada and the new industrial nations of Europe. 
1 t has been the universal experience of these 

countries that more realistic tax rates-by fur· 
nishing additional incentive-actually increase 
government revenue rather than lowering it. 

Additional investment broadens the tax 
base, so that while the tax revenue may he 
comparably less the first year, further revenue 
is merely postponed. In succeeding years, the 
government not only recovers the postponed 
tax hut added taxes from increased produc· 
tion facilities financed by the costs recovered 
on the original equipment. 

Canada adopted such a philosophy some 
years a cro and promptly found that even 
though d epreciation rates 'vere liberalized, 
corporate tax rates could also be reduced he
cause of the rapidly expanded tax base. Cana· 
dian rates are deliberately set to stimulate 
expansion and replacement. Machine tools are 
assigned a depreciation rate of 20 per cent, 
while the same tools in the United States may 
have a rate as low as 3 per cent. 

While many proposals for tax incentives, 
now before Congress, might be beneficial in 
some aspects, the problem of dwindling in· 
vestment and obsolescent plants and equip· 
ment is becoming so critical to the nation's 
balance of payments and international indus
trial situation that it can only be solved by 
meeting it head-on-by readjusting deprecia· 
tion rates so that the taxable life conforms to 
the realistic life. 

Oddly enough, such an adjustment need not 
be a matter for Congressional consideration. 
It can he an administrative decision by the 
Treasury Department, which currently is 
guided in i ts tax regulations by depreciable 
estimates assigned to equipment some 25 
years ago. 

Adjustment of depreciation rates would en· 
compass none of the complexities necessarily 
accompanying tax incentive plans which nib· 
ble at the edges of the problem ra ther than 
biting into th e core. Adjustment would be 
painless and would, as other count ries ha e 
discovered, rapidly expand tax revenues. Ad· 
j ustment would be quick, and as the problem 
o:f obsolescence grows more critical, our na· 
tional welfare cries out for such a dynamic 
solution. 

Aerospnce Industries Association o f America, 610 S ltoreluun Building, Washington 5, D.C. 



APT Project Could Change 
Manufacturing Techniques 

(Continued from Page 1) 

to Armour Research Foundation to 
continue the operation and devel
opment of the long-range program, 
the results to be made available to 
all industries. 

APT could revolutionize manu
facturing techniques, not only in 
the aerospace industry but in other 
industries. It offers substantial 
avings in lead time and in the 

fi nal cost of machine tool products 
and brings about improved prod
uct reliability and further savings 
in time and material because of 
the reduction in human error. It 
also accelerates engineering design 
and provides a standard by which 
work can be interchanged between 
manufacturers. Through the co
operative development program 
and their work to improve all 
American manufacturing methods, 
the AlA companies displayed an 
extraordinary degree of industrial 
5tatesma nshi p. 

An AlA committee which is con
stantly working to effect savings is 
the Traffic Committee, wherein 
various segments of the industry 
pool their know-how and coOI·di
nate their activities to achieve 
traffi c economies. Some examples 
of bow the AlA Traffic Committee 
effects savings to the government 
are these: 

Last year, the household goods 
motor carrier industry asked for a 
five per cent increase in rate sched
ules. The committee contested the 
increase before the Interstate Com
merce Commission and brought 
about its cancellation, which 
achieved a saving of $600,000 to 
S750,000 a year, the amount of 
additional cost for the shipment of 
household effects of employees of 
\!A member companies had the 
increase been granted. 

The Traffic Committee has also 
!eeured reductions in freight rates 
on solid propellant rockets of 
about 50 per cent and on honey
tomb metal shipments of about 25 
~er cent, together with lower ra~es 
1n varying degrees of such eqmp
lllent as rocket engine containers, 
1et encrine thrust reversers, engine 

0 • 
andling harnesses, certam types 
I explosives, radioactive material 
· d other aerospace products. 
In another ICC action, the Com
"ttee secured the adoption of 

~ommission regulations permitting 
~ansportation of explosive missile 
l'()rnponents and propellants in 
~rnpany-owned vehi~les. at con
Iderable savings in sh1~pmg cost~. 
In seeking cost reductiOns, AlA s 

ommittees delve into some seem
'!lg!y minute areas. For inst~nce, 
llhstantial savings can be achieved 
Ust by reducing the number _or 
ize of publications connected with 

maintaining and servicing equip
ment, since the preparation of such 
publications entails large hourly 
expenditures of skilled manpower. 
To cite an example: AlA's Service 
Publications Committee has found 
a way to bring about considerable 
savings by using maintenance 
handbooks containing only the 
minimum required data instead of 
the bulky, regular specification re
quirements in certain cases where 
there is a probability of only limi
ted usage. The Committee first 
became concerned with this area 
because of requirements for com
plete manuals for research and de
velopment test equipment installed 
in trailers. The limited usage of 
such equipment did not appear to 
justify the preparation of com
plete manuals, with their attendant 
frequent revisions. Upon further 
investigation, the Committee found 
that the use of partial manuals, 
with only the requisite data, could 
be extended to include production 
aerospace equipment, effecting fur-

. ther economies by minimizing 
maintenance data requirements. 

Another AlA cost reduction 
project was concerned with reduc
ing the vast amount of "documen
tation" required in aerospace pro
duction, such as reports, specifica
tions, correspondence, drawings, 
charts, handbooks, manuals and 
films. This documentation moves 
from the contractor to the govern
ment agencies involved, within the 
contractor's plants, and from con
tractor to subcontractors. A small 
task force, consisting of officials of 
the Air Force and a member of an 
AlA company, conducted a survey 
of the documentation required in 
the company's plants and found 
that documentation could be elimi
nated, reduced, consolidated and 
simplified, and distribution could 
be better controlled. In one divi
sion of the company involved, the 
documentation reduction resulted 
in estimated annual savings of 
$880,000, with additional potential 
savings of $635,000. The proce
dures established by this task force 
were almost immediately applied 
to other programs within the Air 
Force. 

These are but a few random 
samples of AlA's effor~s to reduce 
costs and improve efficwncy. The 
files of the AlA staff, which serves 
as secretariat for the committees, 
and of the membership of the com
mittees contain hundreds of other 
exampl,es of how this tra~e ass?· 
ciation contributes to efficiency m 
defense. 

Electronic System Permits Low-Flying 
Aircraft To Avoid Surface Objects 

An electronic system which will 
guide low-flying planes safely over 
surface obstacles has been devel
oped by an aerospace company. 

Called a "terrain avoidance 
system," the equipment will be 
most valuable to high-speed mili
tary planes required to fly at ex
tremely low altitudes of a few hun
dred feet to avoid enemy radar 
and surface-to-air missiles. The 
system can also guide the pilot in 
foul weather landings and takeoffs, 
during night missions , or over 
unfamiliar terrain. 

The system will enable an air
craft to keep a safe distance above 
mountain ranges, tall buildings, 
high-tension lines and any other 
obstacles. 

Heart of the terrain avoidance 
system is a non-scanning antenna 
which eliminates complex mech
anisms and computations. The en
tire system consists of a forward-

Space Gun 
Development of an electromag

netic ballistic "gun" capable of 
firing small metallic projectiles at 
100,000- feet- per- second speeds
the hypervelocity of meteorites in 
space-is under study at an aero
space company. The gun would 
aid in duplicating hazardous con
ditions of space and in developing 
methods of protecting spacecraft 
in event of particle impact. 

looking radar, radio altimeter, and 
an electronic analog computer 
which provides either a pilot dis
play or automatic control. 

Photo Viewer Measures 
Reconnaisance Data 
A viewing wstrument that auto

matically measures ground dis
tance along a given flight path on 
aerial photos shot with a pano
ramic camera has been developed 
by an aerospace compan~. . 

The viewer cuts measunng hme 
of reconnaissance data from sev
eral minutes (with presently used 
manual methods) to seconds. It 
provides highly accurate measure
ment of ground distances up to 
one million feet. 

The machine consists of an opti
cal system with viewing screen, a 
film support and transport mecha
nism a measuring system and 
oper~ting controls, all of w?ich 
are contained in a 39- by 64.-mch 
console. 

Three factors are determined in 
measuring ground distance be
tween two given points on the 
film: focal length of the camera, 
the altitude at which photo was 
taken and location of the film 
nadir- the point directly beneath 
the camera at the time of expo
sure. 



Tiny Instrument Does Big Job 
In Stabilizing Missile Flight 

A device small enough to hide 
behind a 25 cent piece will in
crease the directional accuracy of 
giant missiles almos t a hundred
fold. 

The tiny instrument, w h i c h 
weighs three-quarters of an ounce, 
has been developed by an aero
space company for the weighty 
task of helping to stabilize missile 
guidance systems. The job was 
previously done by rate gyroscopes 
hooked up to the guidance system. 
But because of the complexity and 
the tremendous vibration and 
shock pressures exerted on the 
guidance sys tems, the rate gyros 
at times proved unreliable. 

The new device serves as a brain 
cell which perm its the guidance 

JESSI Sets 2-Week 
Science Sessions 

A series of two-week explora
tory programs in science and engi
neerin~, sponsored by Junior En
g-ineers' and Scientists' Summer 
Institute (JESSI ) will be held this 
summer for high school students 
entering their junior and senior 
year ::-. 
. The JESSI program, now in its 
seventh season, is designed to give 
the college aspirant insight into 
the pure and basic applied sci
ences, and some knowledge of the 
stu dy program and career oppor
tunities in the science and engi
neering fields. More than 1300 
studen ts a ttended the JESSI pro
gram last summer. 

The JESSI sessions will be held 
on the following campuses across 
the co untry: Clarkson College of 
Techn ology, Potsdam, N. Y., July 
1-14 ; Univ. of Cincinna ti, Ohio , 
June 17-30; Clemson College, 
Clemson, S. C., J une 10-23; Colo
rado State Univ. , Fort Collins, 
June 17-30; Depauw Univ. , Green
castle, Indiana, June 17-30 and 
July 1-14 ; Iowa State, Ames, July 
29-Aug. 12 ; Lehigh Univ., Bethle
hem, Penna., June 17-30; Missis
sippi State Univ. , June 3-16 ; New 
Mexico State Univ., June 17-30; 
N01thern Illinois Uni v., DeKalb, 
Ill., June 17-30 ; Oregon State, 
Corvallis, Ore., June 10-23 ; Ten
nessee Polytechnic Institute, Cooke
ville, Tenn., June 10-23; Wash
ington State Univ., Pullman, June 
17-30;' Willamette Univ., Salem, 
Ore., June 17-.30; University of 
Akron , .Ohi o, June J0-30; Alfred 
Univ., Alfred, N. Y., June 24-.Tul y 
7. 

Partioulars about JESSI pro
grams serving your locale may be 
secured from JESSI, Scientist of 
Tomor ·ow. 309 New Fliedner 
Bldg., P01.- tl and 5, Ore. 

system to tell how the mis;,ile is 
situated in space, and sense if it 
is going according to a pre-deter
mined course. The tiny instrument 
has only one moving part which 
moves only a fraction of an inch 
when it is operating. When it is 
disturbed by external vibrations 
and shocks, it sends out an elec
tri cal signal which combines with 
other motion-sensing devices in the 
guidance system to accurately pin
point missile location. If missile 
is not on course, the device reports 
the error back to the guidance sys
rem, instructing it to correct 
course. 

Electronic Tool Checks 
Sheet Metal Thickness 

A new tool which electronically 
measures and reco rds the thickness 
of shP.e t metal for missiles with an 
accuracy of plus or minus five 
ten thousands of an inch is in op
eration at an aerospace company. 

The measuring system does the 
i ob in one sixteenth of the time 
formerly required. For example. 
hand operation of measuring and 
recording a steel sheet 80 by 160 
inches, with a depth of 0.165 of an 
inch required two men working 
two hours- a total of four man 
hours. The work is now done on 
the measuring tool in a quarter of 
a man hour. That's sixteen time,; 
the value for your tax dollar. 

Turbogenerator Parts 
Receive Surgical Care 

" Mr. Clean" would be bored to 
death in the super pure atmos
pheres crea ted by an aerospace 
company to protect the rare metal 
components of a nuclear powered 
tu rbogenerator. 

The turbogenerator which will 
orbit in space providing electrical 
power for U. S. space proj ects is 
composed of systems containing 
metals su h as columbian, tanta
lum molybdenum and ziroconium. 

In order to prevent oxidation 
an d accumulation of moisture and 
impurities which will contaminate 
and weaken the metals, they must 
be worked in super clean, custom 
built atmospheres. 

A typical artificial environment 
~or welding and handling metals 
~s one atmosphere of pure and dry 
mert argon gas inside a plexiglass 
bubble . . I_nside the bubble, tung
sten weldmg tools are surgically 
clean and at·e handled by the 
welder with special gloves that are 
securely attached to the inside 
wall. 

Aerospace Scientists Floating On Air 
To Duplicate Space Weightlessness 

Scientists at an aerospace com
pany have been fl oating on air re
cently in the interest of space ex
ploration. 

Their airborne fl oating state is 
achieved with two ingenious pieces 
of equipment developed by the 
company-a chai r platform kept 
a fracti on of an inch above the 
floor by a cushion of air, and a 
special pair of air -suppor ted shoes. 

Alth ough the "air bearing" 
shoes and chair do not duplicate 
the full zero gravity conditions be
yond earth's atmosphere, they do 
permi t free movement on a hori
zontal p lane and demonstrate some 
of the problems that will confront 
a spaceman when he has no fr ic
tion to control his own mot ions. 
Scieuti sts are also using the plat
form to develop tools and propul
~i on and stabi lization _ devices 
needed in the space envuonment. 

For example, without gravity 
or some means of stabi lization: the 
crewman who p ushes a lever m a 
space cabin is apt to move more 
than the lever . And . a cre~man 
who tries to tu rn a bolt w1th a 
conventional wrench could wind 
up rota tin g himself instead of the 
bolt. 

To meet this challenge the com
pan y developed and platform
tested special space tools which 
would not rotate the space crew· 
man. One is called a "plench," a 
combination of pliers and wrench. 
It is anchored by means of a rod 
on the tool that fits a hole on the 
working surface. The gripping 
mechanism of the tool rotates by 
means of a squeezing action, in 
which one force off-sets another. 

One of the most important uses 
of the air-supported platforms is 
the stud y of man 's center of grav
ity in various positions and atti· 
tu des. Scientists consider orien
ta ti on and bod y control maj or 
problems a t zero gravity. 

The larger of the air pla tforms 
co nsists of a squ are base with a 
space-vehicle-type sea t mounted on 
it. Supporting the pla tform are 
th ree fl at circular discs. Air is 
b lown through the discs un der a 
pressure of about 80 pounds per 
square inch to form a " bearing'' 
between the discs and the fl oor. 

The air shoes are simi lar, e:x· 
cept tha t each is li ttle larger than 
a skate. Independent movement 
of the feet enhances the "spa ~;e' ' 
effect. 
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U.S. FACES AIRPORT SHORTAGE PROBLEM 
AIRCRAFT, MISSILE EXPENDITURES 

(In Millions) 

c:=J MISSILES 
8,189 

7,835 7,730 - AIRCRAFT 

6,449 

5,568 

FY 1953 FY 1956 FY 1959 FY 1962 FY 1963 

Comparative expenditures for aircraft and missiles show that 
missile expenditures increased nearly sixteen times during the 
period of FY 1953-FY 1963 while aircraft expenditures declined 
about one-third during the same period. The amounts prior to 
FY 1963 have been adjusted to reflect the new budget structure 
used in FY 1963. AERO SPACE 

Traffic Management Vital To Capability Of Aerospace 

Firms To Handle New Missile , Space Projects 

The vastly different complexion 
of the aerospace industry today 
has increased the necessity of good 
traffic management, according to 
Allen J. O'Brien, Director of Traf. 
fie Service for the Aerospace In
dustries Association. 

Mr. O'Brien said the contribu
tion of traffic management in aero
space research and development 
may very well be the deciding fa?
tor as to whether a company JS 

able to participate in a missile or 
space program. . 

Because of the s1ze and nature 
of the product in missil~ and space 
production transportation h as be
come one 'o£ the maj or limiting 
factors. Traffic specialists now 
mLtst be included in formulati on of 
overall design, engineering, pro
curement. distribution, cost con
trol and t~·ansportability programs, 
which wi11 assure the success of a 

final production contract. 
When manned aircraft were the 

principal items of production, 
wherein the finished product was 
flown away from the production 
line, the main problem faced by 
traffic men was the movement of 

Plasma Torch Produces 
30,000 Degrees of Heat 

A device which can melt any 
known material with no resulting 
ch ange in composition is now in 
use at an aerospace plant. 

Called a "plasma torch" the de
vice is a spray system which is 
used much like a blow torch. It 
puts out ultra violet rays and ter
r ific heat, up to 30,000 degrees 
Fahrenheit. It can melt any known 
material with no change iu the ma
terial' s composition, since the gen
erally used carrier gas is argon. 

m~te~·ials and components, Mr. 
0 Bnen said. Now, h owever, they 
face a host of problems created b 
the fantastic size of the ultimat~ 
space products. 
. Pre-planning in the transporta

tion area h as now become vital to 
the establishment of contract l . . 

1
. ua 

provisions w u ch will p rotect th 
buyel; an~ _the contractor in th: 
latter s ab1hty to produce a d d 
l. h" n e-lver Is product. 

Mr. O'Brien also Wal·ned . 
" b . agamst 

em racmg a false pllil l 
f l . osop 1y 
raug 1t With the very _.1 

k
. pen s we 

are see mg to avoid" in the matter 
,?f traffic regulations. He cited 

attet?pts to relegate the interests 
of shippers to a position secondary 
to th.at of carriers" on grounds that 
the mterests of the carriers were 
synonymous with the public in
tere t. That is a dangerous premise 
to accept, he said. 

Municipal Interest 
Often Lacking 

At a time when the impact of 
aviation upon the national econo
my is greater than ever, Federal 
aviation officials are concerned 
with the apparent lack of under
standing of the industry's impor
tance at the community level. 

Their concern springs from sev
eral trends. One is exemplified by 
the failure of the localities involved 
to sponsor conversion of part of 
the former Mitchel Air Force 
Base on Long Island to civilian 
aviation purposes. 

When the Air Force recently 
abandoned Mitchel Field, the Fed
eral Aviation Agency hoped to 
convert some of the facilities to a 
general aviation airport. The plan 
collapsed, however, hecause of the 
fa ilure to locate local sponsors for 
such a facility. · 

This is often the case in this 
era of mushrooming suburbs and 
skyrocketing land costs, airport 
officials say. Airports which once 
were well removed from congested 
areas now find themselves hemmed 
in on all sides and in danger of 
being swallowed up. 

One reason for this trend is that 
an airport functions as a trail
blazer . Roadways and utilities are 
installed to service it, and other 
developers then move in to take 
advantage of existing facilities. 
Parking centers, housing units, 
drive-ins factories are built. Taxes 

' go up and the airport owners ~o 
longer can make a go of the au · 
port. 

This pattern is seen with in
creasing frequency ev~n th ough 
gen ral aviation is finding unsur
passed growth in the nation. Al
ready the la1·ge t u er of the 1.1~ 
tion's air pace and ai r traffic facill
ties, the nation 's fleet of general 
aviation planes totals about 75,000 
compared to the air lin?s' fleet of 
2 000 aircraft. Two-thuds of the 
3280 FA -recoo·nized airports in 

b • • 
the United Stat s and terntones 
are general aviation airpor~s, and 
there are additionally an estunated 
4,000 private airfi Ids and landing 
strips in use. 

(See COMMUNITIES, Page 7) 



Plane Vie"WVs 

U. S. Forest Service firefighters, using both 
fixed wing aircraft and helicopters,_ during 
1961: 

Aerospace Quote 
"I believe we can look ahead 

with optimism today, because 
history has shown that Amer
ican science and engineering 
has advanced at a rate that ex
ceeds the boldest predictions. 
But this advance has not been 
an automatic process. It has 
been made because courageous 
and far-sighted individuals re
fused 'to play it safe,' and were 
willing to take risks. The next 
technical advances in the Aero
space Age will come as a result 
of this same spirit of enterprise. 

"Furthermore, this kind of 
enterprise will pay off. I am not 
thinking . just of the financial 
pay-off, because this will mean 
nothing if our country should 
lose its freedom. No. the real 
pay-off-for all of us-will be 
the aerospace strength that will 
continue to support our nation's 
policies in world affairs. The 
goal of all our efforts, both mil
itary and civilian, is the emer
gence of a peaceful world com
munity of free and independent 
states."- Gen. B. A. Schriever, 
Commander Air Force Systems 
Command. 

• Parachuted -to 1,221 
fires, . 55 per cent more 
than -1960 

"k_ !; ; 

• Flew 62,000 hours on 
all missions 

• Dropped 7,700,000 gal-
lons of fire retardants on 
1,868 fires 

Collapsible Containers 
Offer Big Savings 

A new all-purpose collapsible 
container is saving an aerospace 
company $30,000 annually in the 
cost of handling satellite nose 
cones. 

The versatile container is made 
of l1 o-htweight tubular alum inum, 
mou~ted on casters. It is used for 
shipping, for storage, and as . a 
work cradle which can be easily 
wheeled about. 

After use as a shipping contain
er , it is quickly collapsed into a 
flat package, making it significant
ly cheaper to return. I t can be as· 
sembled or disassembled by one 
man in ten minutes and it is easily 
adjustable and adaptable to vari· 
ous shapes and sizes- all done 
withou t tools. 

T_he wood devices previously 
used for shipping were three times 
heavier than the new design. In 
addition, they could be used only 
once since economics precluded 
shipping them back. 

The container was designed by 
a talented employee who recently 
won a national award for his con
cept by the Society of Packaging 
and Handling Engineers. 
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•Fall-Out~ of Savings 
The versatility of the helicopter with the accompanying convenience 

and time-saving to air traveler service is well-known, and these will be 
greatly enhanced as new turbine-powered helicopters j oin the scheduled 
helicopter fleets. · 

However, one little-known fact concerning scheduled helicopter opera
tions is the savings they have generated for U. S. ta l\.'"]J ayers. The Air 
Transport Association recently described this "fall-out" of savings: 

The commercial helicopter airlines operate their equipment many 
more hours per month than do the military operators of helicopters, 
because of the routine and concentrated nature of scheduled operations. 
Since their experience is passed on to the U. S. armed services, they 
constitute an invaluable laboratory and proving ground for the military 
establishment. Military officers may and do inspect commercial opera
tions facilities, picking up a wealth of valuable information dn operat· 
ing techniques, maintenance and overhaul. This results not only in 
lower direct operating cost for the military operators, but in significant
ly increased military helicopter utilization. 

How _the scheduled h_elicopter airlines' experience helped the military 
r~d~ce I~s spare parts mventory is one example. The military and the 
au·hnes m_troduced a new type of helicopter into their respective services 
at approximately the same time. By using as a guideline the experience 
am~ssed by the scheduled . helicopter carriers, who operated their 
eqmpment more than three tlmes as many hours per month, the armed 
serv.ices were able to cut their spare parts orders by about $14,000,000 
over a three-year period. 

In addition, the extended helicopter utilization achieved by the com· 
mercia! airlines resulted in a reduction of thousands of maintenance 
man-hours for the military. It is estimated that the total saving to the 
taxpayer-on this single type of helicopter-amounted to about 
$20,000,000 

. As to what this mea~s in actual combat, the military credits much of 
Its re~arkable success 1_n evacuating the wounded during Korea to the 
operatiOnal data supphed by the helicopter airlines. One example 
stands out: 

I_n the Korean ca~pai?n, the army was operating a large fleet of 
hehcopters-;-almost Id~n tiCal to those being used at that time by one 
of the hehcopter ~arners . Army maintenance standards called for 
over_h~ul of ~he _hehcopter every 300 hours. Such a period occurred at 
a cn t1 cal pomt m. t.he Kore~n War and, because of lack of spare parts, 
whole fl eets of nuhtary hehcopters were grounded. 

Turning to the com~ercial helicopter airlines, the military discovered 
that the overhaul penod of ~hese helicopters could be extended . The 
airlines, through caref~l da1ly inspections of their equipment, had 
achieved a far longer hfe-hetween -overh auls. As a result the ann)' 
" ungrounded" its helic?ptet:s and flew them an additional ' 300 hours 
without overhaul, allowJng time to acquire the needed spare parts. The 
army testified that _the ungrouncli?g could not have been achieved with· 
out the data supplied by the helicopter n i rl i 11 cs. 

Thus, the helicopter . airlines serve as a laboratory that has no 
counterpart. The fo~egomg exa'?ple is typical of many insta~ces where 
these carriers matenally exp~dy:ed the development of heh copter de· 
sign , operation and general utthty , including public acceptance. 



AEROSPACE EMPLOYMENT
Technology's Impact 
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From the earliest days of its existence, the 
aerospace ind1,1stry has been subject to 

constant change. Its history is a long saga 
of adjustment to changing times and changing 
requirements. The changes in the industry 
have spread across the whole canvas of manu
factUl'ing activities, from the type of product 
being built to the type of facilities needed to 
build it and the composition of the work 
force. 

In the last decade, the rate of change has 
accelerated markedly and it now appears that 
this will continue to increase in the immediate 
years ahead. Now in its fifth year, the U.S. 
space exploration program is rapidly gaining 



A major aerospace firm engaged in both space, missile and aircraft projects reflects the changing 
nature of employment. A division engaged in aircraft projects has about 75 per cent of its total 
em~loyment assigned to purely production jobs. Another division engaged in space and missile 
ProJects, with double the work force, has only 40 per cent of its employment in production tasks. 

momentum and production of space equipment 
will become a much more significant portion 
of the industry workload, although there will 
be continued emphasis on manufacture of 
aircraft and missiles and their related acces
sory equipment. 

The type of industry product, whether it is 
designed for spacecraft, missiles or aircraft 
is still becoming more complex, and, at th~ 
same time, the demand for reliability is be
coming greater. This has dictated a marked 
emphasis on research, development and test 
and consequently has had a dramatic impact 
on the composition of the industry's work 
force. 

During the years of World War II, when 
the industry was concentrating on mass pro
duction of aircraft and the guided missile was 
still a vague shadow on the horizon abo t 

. d ' u nine out of ten m ustry employes were pro-
duction line workers. In the post-war years 
the growing complexity of aircraft brough~ 
about a demand for an increase in the more 
highly skilled labor categories. The advent of 
the guided missile brought an additional 
dearee of complexity to the industry product 
lin~ and the curve continued to rise through
out the decade of the fifties as missiles became 
larger, longer-ranging and more advanced. 
Torlay's modern, second-generation weapons 

demand a still greater concentration of highly 
skilled workers and every indication points to 
a continuance of this trend for the remainder 
of the current decade. 

A recent study illustrates what has happened 
to the aerospace industry work force during 
the past eight years of constant change and 
what is likely to happen in the next eight 
years. 

In 1954., just after the Korean war, most 
military aircraft were of the subsonic variety. 
The airlines were still fl yi ng piston-engine 
equipment and the only missiles in servi~e or 
in production were short-range, rel~tivel y 
complicated types. The mass production of 
World War II had given way to shorter p~o
duction runs, and, although the aerospace In· 

dustry products were considerably more com
plex than their wartime predecessors, the real
ly revolutionary period of industry change 
was barely under way. 

At that time, hourly production workers 
constituted 64 per cent of the industry work 
force. This was a considerably lower propo.r
tion than that of the wartime years, but m 
1954, production workers were by far the 
majority of the total work 'force. 

The demand for technical personnel, in 
1954., was already on the upswing. The study 
broke down the percentage distribution of 

technical personnel into two categories. First, 
there were the scientists and engineers, those 
who held a college degree in enginering, 
mathematics or the physical sciences. This 
group, in 1954, made up 13 per cent of the 
work force. 

In addition there were the semi-technical 
employes- d;aftsmen, engineering aides and 
other sub-professional personnel. This group, 
in 1954., constituted only three per cent of the 
industry's total force. 

The remainder of the work force was made 
up of three groups. First, there was the cate· 
gory called "managerial," consisting of super· 
visory personnel at all levels. This group 
amounted to eight per cent of the total, while 
secretarial and stenographic personnel ac· 
counted for another two per cent. The final 
category-10 per cent of the total-was ~ 
catch-all lumping together professional post· 
tions other than managerial, such as fin ance 
and industrial relations, and clerical person· 
nel. 

In the five-year period after 1954., the rate 
of change in the aerospace industry began .to 
accelerate. The era o£ the supersonic an· 
plane had arrived, and speeds of military air· 
craft climbed to the Mach 2 level, bringing 
an attendant increase in complexity. The 
greatest advan ce ever made in commercial 



aviation, the introd uction to ai rline service 
of t!le 60~-lllile-per-llour jetliner, also occurred 
durmg th1s period, contributing another ele-
1ner1t to the transformation of the industry 
work force. The laruer and more complex 
1•11termediate 1·ancre ballistic missiles went into 

• b 

operatiOnal service, and the much more com. 
~ex intercontinental ballistic missiles reached 
811 advanced sta te of development. And, in 
the last part of that l1 al f-decade, the space 
age dawned. 

The employment pattern stud y illustrates 
hoW these advances in technology affected the 
composition of the industry's work force in 
the brief span of five yea rs. At the end of 
1959, there were approximately 735,000 em
ployes on the payrolls of industry companies, 
a decrease of only 30,000 from the 1954 total, 
but the composition of this work force had 
altered markedly. 

For the first time, the ratio of hourly pro
duction workers to total employment dropped 
below half. At the end of 1959, only 48 per 
cent of the industry's employes were in the 
rroduction worker category. 

At the same time, the number of technical 
and semi-technical personnel in the industry 
;tarted to climb sharply. In the five-year span, 
this group rose from 16 to 21 per cent of the 
total force. There was also a slight increase in 
managerial talent-from eight to ten per cent 
- and the catch-all category (non-managerial 
professionals and clerical help) rose from ten 
to eighteen per cent. Secretarial and steno· 

graphic . pers01~nel remained relatively con
stant, w1th an mcrease from two to three per 
cent. 

The chan?~ng tre~d continues today. With 
advanced m1ht~ry aircraft in production, with 
second-generatiOn missiles either in produc
tion or in advanced development, and with 
manufacture of space equipment occupyina 

f . d , 0 
more o 111 ustry s attention, the complexity 
curve continues to rise and the work force 
continues to chan (Ye 

to · 

Latest fi gures indicate that total employ
ment in the aerospace industry is a·bout 693,-
000, a decline of slightly more than 40,000 
from the 1959 level. Once again, however, 
there is an increase in technical personnel and 
a corresponding decline in the number of pro
duction workers. 

The ratio of hourly production employes to 
total industry employment has now fallen to 
slightly more than 40 per cent, or only four 
out of every ten employes as opposed to the 
wartime ratio of nine out of ten. Technical 
personnel, including scientists and engineers 
with college degrees and the semi-technical 
group of draftsmen and engineering aides, 
now account for 25 per cent of the total. In 
other words, every fourth employe in the 
industry possesses a technical skill of some 
kind. 

The miscellaneous group of clerks and non· 
managerial professionals amounts to 20 per 
cent of the total, while secretarial and ste
nographic workers take up three per cent. 

There has been another slight incr~ase ill 
managerial talent, which is up to more than. 
ll per cent of the total. . 

This trend toward increasing emphasis on 
employment of technical personne~ and declin
ing numbers of hourly productiOn workers. 
will continue throughout the decade, due to 
the demands for ever-increasing performance 
in weapons systems, spacecraft, commerci~l 
aircraft and related equipment. There will 
be slight increases in managerial pers~nnel, 
secretarial and stenographic help and m the 
miscellaneous, catch-all category. TI1ese three 
aroups combined will probably amount to 
S8 per cent of the work force by 1965. Of 
the remaining 62 per cent in that year, 29 per 
cent will be technical personnel and 32 per 
cent production workers. 

By 1970, the survey predicts t?ere will be 
more technical personnel engaged m aerospace 
manufacture than hourly production workers. 
The study indicates that, at the end of the 
decade, production workers will account f_or 
only 29 per cent of the total work force, while 
the technical category will reach 32 per cent, 
a reversal of the ratios estimated for 1965. 

The current emphasis on technical person
nel is even more remarkable when it is con
sidered that some plants still employ large 
numbers of production workers, above the 
industry average, while in other plants en
(Ya(Yed in specialized work, the number of techo 0 

nical employes tops all other employment. 
This is pointed up by the personnel records 
of one large aerospace firm which has one 

(Percentage of Scientists and Engineers in R & D) 

CHEMICAL -PAPER CONSTRUCTION 

· ientists and engineers engaged In research and 
lhe aerospace industry has the largest percentage. of Its F~~ndation states that 63 per cent of the engineers 
development ot any major industry.lhe National Scl_ence & 0 This compares with 40 per cent in 
and scientists in the aerospace industry are ass1~nded ttyo :nd 5 per cent in the construction Industry. 
the chemical industry, 32 per cent in the paper 10 us r 



division working exclusively on aircraft and 
another engaged in fabrication of missiles and 
space equipment. The aircraft division has 
a total employment of 13,500, of which 10,. 
000 are production workers, or more than 73 
per cent. The missiles and space division, on 
the other hand, employs 27,000, of which 
16,000, or more than 60 per cent, are scien
tists, engineers and technicians. 

The changing composition of the aerospace 
industry's work force has naturally had 
cansiderable impact on the payroll. Scien· 
tists and engineers with college degrees-and 
a good proportion of them have degrees more 
advanced than the baccalaureate--obviously 
command greater salaries than skilled work
ers. Similarly, those in the semi-technical 
group, such as draftsmen, electronics tech
nicians, laboratory technicians, etc. , are on 
a higher salary plane than the production 
worker. 

At the same time, however, the pay scale of 
the hourly production worker has taken a 
r apid climb in the years since the Korean 
War. In 1954, weekly earnings, including 

overtime, of the hourly production worker 
averaged out to $84.66. By 1957, it had 
reached $96.35, and by the end of 1959, it was 
up to $106.63. The current average weekly 
wage for production workers is about $120. 

Thus, the average weekly wage has in
creased by more than 40 per cent in less than 
eight years. The average for plant workers 
in the aerospace industry is also considerably 
higher than the average for all U.S. manufac· 
turing industries. A Department of Labor 
survey, taking a selected month of January, 
1961, found that the aerospace industry aver
age was $114.13 per week and the average for 
manufacturing industries as a whole was 
$90.25 per week. 

One of the major factors in the continuing 
demand for more scientists and engineers is 
the extraordinary emphasis on research and 
development in the manufacture of modern 
aerospace eql!ipment. Research and develop· 
ment is no longer something which is accom
plished prior to production of a product. It 
is a continuous process starting at the drawing 

board, continuing through production, with 
extensive test and evaluation processes after 
the item has been produced. 

The majority of all scientists and engineers 
employed by the aerospace industry are en
gaged in research and development work, and 
the aerospace industry has the highest per
centage of research and development tech
nicians amorig all the industries in the U.S. 
Sixty-three per cent of the aerospace indus. 
try's scientists and engineers are in R & D; 
this compares with 61 per cent in the electrical 
equipment, 53 per cent in the profes§ional 
and scientific instruments industry and 39 per 
cent each in the chemical industry and the 
fabricated metal products industry. 

No other industry in modern times has 
~xperienced such a rapid transformation of 
its work force, but the shift in employment is 
but one example of the widespread changes 
which have occurred in the aerospace indus
try in the era of technology. There is no 
question but that there will be further changes 
across the board. 

The trend of employment in the aerospace industry is graphically shown by a University of Illinois study which 
reveals that by 1970 all technical employees, which includes scientists, engineers and technicians, will make 
up 32 per cent of the total aerospace employment, and production workers will comprise only 29 per cent. 

PRODUCTION WORKERS 
64 (tt.rcentage of total employment) 

48 
41 

Aerospace Industries Association of America, 610 Shorel1am Building, Waslli11gton 5, D .C. 



Communities Fail 
J.o Match Funds 

(Continued from Page 1) 

By 1970, it is estimated that 
more than 100,000 general avia
tion aircraft will be in operation. 
This growth in the fi eld must be 
accompanied by commensurate 
arowth in general aviation facili
ries, but instead, officials find them
selves faced with the problem of 
preserving the facilities already in 
existence, without regard to the ' 
problem of building new ones. 

The dilemma revolves around 
money at the local level. 

Federal funds are available to 
keep pace with aviation's growth. 
Seventy-five per cent of the annual 
Federal appropriation for airport 
development is set aside to match 
tate and local funds based upon 

an area and population formula. 
The additional 25 per cent of the 
Federal funds goes to safety items 
such as runways and taxiways, 
cleared zones, obstruction removal 
and other similar projects at pub
licly-owned airports. 

But of the available Federal 
matching funds, approximately $15 
million goes unspent every year. 
Most of the states which fail to 
claim all of their matching funds 
are in the midwest and mountain 
areas, but often the list includes 
highly-populated states as well. 

Officials say about 18 states 
never have matched all of the air
port construction money available 
to them. Congress has now passed 
a law consigning unused matching 
fu nds to the discretionary fund 
after two years so that they can 
be used for additional safety items. 

Under the 1962 Federal Aid to 
Airports Program, the FAA has 
allocated $69,491,748 for con
struction and improvement of 326 
airports. The 1962 Congressional 
appropriation, which totalled $75 
million, specifically included $7 
million for general aviation air
ports in order to draw traffic away 
hom busy carrier airports. 

Still another facet of the same 
problem at the local level is the 
absence of long-range planning, 
·pecially financial planning, for 
airport construction and improve
ment. In order to prepare ade
quately for airport financing, 
plans should be worked out at 
least three years in advance for 
general aviation airports and five 
Years in advance for carrier air
Ports. 

Yet, officials say, this lead ti_me 
~s very rarely utilized and plannmg 
1nstead takes the form of a hap
hazard crash program which is too 
often inadequate. . 

There is too little realizatiOn 
that the airport, at the commun
ity level, is the nucleus of thffi ':a~t 
aviation industry, these ° Cia s 

say. An example of an airport's 
importance to a local economy 
may be seen in the annual report 
of the Los Angeles Department of 
Airports. The Los Angeles Inter
national Airport employs 32,000 
people with a weekly payroll of 
more than $4 million. It is the 
hub of an area one mile in radius, 
which encompasses 285 industrial 
firms with an annual payroll of 
more than $300 million. This area 
is second in employment in the 
entire Los Angeles metropolitan 
complex. 

Airport facilities are keeping 
abreast of another current prob
lem, that of expanding to accom
modate the nation's growing jet 
fleet. The first two jet airports at 
New York and Miami went into 
operation late in 1958. Now there 
are 55 jet stops in operation and 
by 1967 there will be 128. 

Another jet airport, O'Hare, is 
responsible for making Chicago's 
famous Midway airport a ghost 
field, relatively speaking. Midway, 
which tr aditionally has been the 
world's busiest airport, now car
ries only about one-third the 
traffic it did in its hey-day, with 
O'Hare carrying the remainder. 

In 1961, Los Angeles Interna
tional Airport was the busiest with 
324 993 total operations, followed 
by O'Hare, Miami and Washing
ton. Midway was twelfth. 

When the nation is fully 
equipped for the. jet fleet , it ap
pears that th~ auport exp~n~ers 
can rest awhile. Present mdiCa
tions are that the next family 
of aircraft-supersonic transports 
-will require no more in the way 

f runways than present jets. Since 
:his revolutionary aircraft, whose 
development is predicted ~or 1970, 

ld operate at supersomc speeds 
w:l; during the middle of its flight, 
ft is believed that its takeoff .and 
landing speeds wo~ld no~ differ 
much from current Jet versiOns .. 

However, officials emphasize, 
they are keeping a close watch on 
development so that they ca~ plan 
ahead if w i d e s p r e a d airport 
changes are required. 

$69,491,748.00 

Searchlights Seek Out Heat Characte.ristics 
of Missiles and Spacecraft ,Materaals 

A pair of used searchlights 
have been transformed into a 
valuable space-age facility by an 
aerospace company for d~te~min
ing the heat-loss charactenstl.cs of 
missile and spacecraft matenals. 

The rate at which material 
throws off heat energy as its tem
perature mounts is controlled ~y 
its radiating efficiency, called Its 
emissivity. Knowledge of this 
characteristic is essential for pre
dicting temperatures which will be 
generated in missiles or spacecraft 
re-entering the atmosphere. 

These temperatures largely de· 
termine the structural configura
tion, insulation and types of sys
tems built into space vehicles. 

The searchlight testing delivers 
fast, reliable answers. 

The two 36-inch searchlights 
face each other, their brilliantly 
polished mirrors about 8 feet apart. 
One searchlight contains a 12-inch . 
diameter bulb. In the other is a 
water-cooled fixture which holds 
a test specimen. Two inches from 
the specimen is a four-foot tube 
which leads to an instrument that 

Armed Forces Day Set 
For May 12-20 

Throughout the nation and over
seas, the armed forces of the 
United States will be host to their 
neighbors during the annual 
Armed Forces Day observance 
May 12-20. 

During the week, Army, Navy, 
Air Force, Marine Corps, Coast 
Guard and Reserve Forces will 
display their facilities and equip
ment to the public in a massive 
demonstration that this coun
try possesses sufficient national 
strength to deter aggression and 
safeguard peace and freedom 
throughout the world. 

As in past years, Armed Forces 
Day will feature open house in 
thousands of posts, camps, stations, 
bases and other defense facilities 
throughout the world. 

measures material temperatures by 
color intensity. 

With the snap of three switches, 
the 10,000-watt bulb soars to 5,500 
degrees Fahrenheit, bouncing h.eat 
off the mirror through regulatmg 
louvers to the second searchlight. 
There another mirror gathers the 
heat and focuses it on a one
square-inch spot on the test speci
men which rapidly heats to nearly 
3,000 degrees. Nearby, an auto
matic data recording device runs 
a line of ink across a scroll O'f 
moving paper, revealing the speci
men's emissivity secrets. 

Airlines Adopt New Part 
Procurement System 
While the public hears much 

about the benefits of the airline 
industry's revolutionary jet equip
ment and the improved traffic and 
maintenance facilities to go with 
it, little is known about an equally 
revolutionary development of a 
system for purchasing aircraft 
parts and supporting equipment. 

The system, designated ATA 
(Air Transport Association) Spe
cification 200, uses data computors 
to coordinate communications be
tween airlines and sup pI i e r s 
through a common "business lan
guage." 

Use of the system enables the 
airlines to save millions of dollars 
through reduced inventories, re
duced lead times and improved 
cost control of the spare parts they 
purchase for the safe and efficient 
operation of their aircraft. 

The system was developed in 
1958 by the airlines and manu
facturers under the coordination 
of ATA. Some scheduled airlines 
are using it now, and others have 
definite target dates for implement
ing it. 

Spec 200 is applicable and avail
able to any business or industry 
that wants to improve its pur
chasing and supply methods. 



Glass Radar Storage Tubes R·equire 

Numerous Measurements, Tests 
The old time glassblowing artists 

had a picnic compared to aero
space technicians working with 
glass today. For instance, devia
tion of one-hundredth of an inch 
in a glass storage tube used in a 
bombing-navigation system of a 
Navy attack plane could be critical. 

The four-inch radar projection
type tube is fabricated in a maze 
of steps, measurements, tests and 
checks. The glass tube is cut, 
heated to 700 degrees centigrade 
for shaping, placed in a 525-degree 
annealing oven to relieve stresses, 
undergoes pressure tests, vacuum 
tests, washing, rinsing, application 
of metal and chemical coatings, 
more baking-all with a test every 
step of the way to show it's still 
within its proper measurements. 

Every step is recorded, the pa
per following the tube assembly to 
completion to help analyze any 
problems that arise and to help 
keep quality high. 

After preliminary electrical in
spection, the finished tube is potted 
in a soft rubber compound and 

Tiny 'Mike' Monitors 

Missile Resonance 
A tiny microphone less than 

half the length of a paper clip will 
be installed in smaller missiles to 
monitor acoustical noise during 
flight test3. 

The -diminutive device was de-
veloped by an aerospace company 
for use in today's most compact 
missiles. Its subminiature size and 

- correspondingly negligible weight 
make it an ideal component for a 
modern weapon system - where 
weight is always a factor. . 

In a missile, particular types of 
resonance caused by severe flight 
maneuvers can indicate possible 
electronic or structural failures. 

The microphone pre-amplifier is 
completely encapsulated after as
sembly, making it impervious to 
the effects of normal shock, ac
~eleration , vibration and tem
perature. 

The pre-amplifier is packaged in 
a cylindrical tube less than one
h alf inch in diameter and about an 
lnch long. One end of the tube is 
externally threade~ to receive a 
<:ilpiicitance m.ic-ropll.Ofle eaHtid.~e-
Leads lor output, power supply 
and tnicropho.ne bins are xtended 
from thl:l end oppol!i~ th micro· 
phone aiittftdge. 

Weight of the total package, in· 
eluding a 14-in~h output cable is 
<mly 15 grams. 

inserted into. a magnetic shield to 
protect it from stray magnetic 
fields. Then it is demagnetized and 
checked out for the buyer's accept
ance. 

Unique Device Delivers 

High Impact Energy 
A machine which can deliver up 

to two million inch-pounds of im
pact energy has been developed by 
an aerospace company. 

Called Dynapak, the machine 
employs the principle of plas
ticity of solid materials, which is
"materials subjected to a high 
and briefly sustained force pass 
through a plastic state for a frac
tion of a second. At this instant 
the material can be reformed." 

The machine has a 12-inch 
stroke with a ram diameter of 21 
inches and ram weight of 2000 
pounds. Impact can be delivered 
at velocities above 150 feet per sec
ond. Dry high-pressure nitrogen 
actuates the pistons. The nitrogen 
is recompressed at the end of each 
stroke and re-used. An operating 
console provides control and safety 
devices. 

Dynapak has already been used 
in cold and hot metal forging for 
precision aircraft and missile parts 
such as turbine blades, gears, 
and pinions. These parts showed 
superior homogeneity in grain 
structure compared to parts formed 
with conventional techniques. 

Sunbeam Machine 
A machine which can duplicate 

pure sunlight and stimulate the 
movement of the sun across the 
sky, horizon to horizon, has been 
invented by an aerospace com
pany. 

Purpose of the sunbeam machine 
is to give company scientists more 
information about the effects of 
the sun out in space, where it is 
"unfiltered" by any atmosphere 
such as surrounds the earth. The 
unfiltered sunny brilliance might 
blind man in space-or possibly 
even blind a satellite optic system. 

The sunbeams are duplicated 
with a high-intensity heat source
a carbon arc light like those used 
:ln sea:rohli~lm-=lo~used thnmgh 
an optlo system. Produ ing n bflu t 
of 10,000 degrees Fahrenheit, the 
lfl lf.IJPiP~ wiJI fmnbl ~ Rd t!11t ist3 to 
develop p1'ote Liwi! d vic s tor man 
and equipment in space. We 
would suggest a pair of eunglaRRea 
fcrr a sturteJ". 

-
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Effects of Crosswinds on Landing Gears 
Will be Studied Thr~ugh Photos 

Manufacturers of a Mach 2 
bomber will photograph more than 
300 landings in order to analyze 
crosswind effects on the plane's 
landing gears. 

Special 35 mm cameras placed 
15 inches above the ground at the 
end of the runway will be operated 
electronically by a technician in a 
control truck nearby. The tech
nician will maintain radio contact 
with the control tower, and set the 
camera in motion just as the plane 
wings over the end of the runway. 

Shooting at about 20 frames a 
second, the camera will record the 
aircraft 's position and attitude un
til it touches down. It will register 
the rate at which the plane side
slips and sinks and the yaw or 

Conservation Payoff 
Dili gent conservation practices 

of an aerospace company saved 
more than $120,000 in 1961. This 
savings is especially significant 
when considering the amount of 
sales needed to earn that much. 
Based on the 1961 average aero· 
space company profit of approxi 
mately two per cent, the .$120,000 
would represent earnings on a $6 
miJ!imJ fJOTI I-TIM~t. 

The suvlngs t·esulted from prac
ticca such as use of oop_per ~crtl,p 
for plat n : tt-ml,al of_coveraUe nncl 
shop clotn towels rather than pur
~hasc 0f Rimilar iternR and reclaim· 
ing t) 'f nd .,.erl JJ!l'l.'tfL 

skid angle. All the while tech
nicians will note such factors as 
temperature, wind velocity and di
rection on each landing. 

A total of 10 to 15 negatives of 
the nearly 225 taken on the aver
age landing are used to obtain 
data. 

F or the purpose of testing, a 
crosswind is one coming from any 
direction to the plane other than 
head-on or tail-on. 

Water Blanket 
A unique new material corn

posed of a fl exible blanket of 
water has been developed by an 
aerospace company to protect 
space crews and equipment against 
the searing temperatures of atrnos· 
phere re-entries. 

Called, " Thermosorb," the in
vention resembles a cross between 
a piece of wet felt and a fi ne
grained _cellulose sponge. It retain_s 
water With such tenacity that speci
mens have been subj ected to 16 
G's, ?r 16 times their weight, in a 
t;en_tnfuge, without the water sepa
r atmg. 

'f'he1·1 io~m-b -·an b~ pi :@~1 h • 
Lweell lh~ wner and outer walls f 
a spaoo raft to b olo t.h ins1d 
~cmp r 1r11r of the v hiole w ll 
'Wilhh1 l n.th'Hlfi tolerance Hfl1lt 
while the temperature of the out
side kin may be us high us 4.,000 
rleg rees Fahrenheit. 
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AEROSPACE FIRMS EARN 1.8% ON SALES 
AEROSPACE 
INDUSTRY 

MOTOR 
VEHIClE 

ElECTRICAl 
EQUIPMENT 

PETROlEUM 

CHEMICAL 

$41,300 

$36,700 
~----------------~ 

$31,300 

$30,700 

$49,300 

Average Industrial · 
Rate Is 4.30/o 

By George F. Hannaum 
Vice President 

Aerospace Industries Association 

Earnings rate of the aerospace 
industry in 1961 as a percentage 
of sales amounted to 1.8 per cent, 
the Securities and Exchange Com
mission reported this month. This 
compares with an average sales
to-earnings ratio of 4.3 per cent 
for all other manufacturing indus
tries. 

The industry's net earninrrs 
0 0 ' 

after provision for federal income 
taxes amounted to $257 million 
on sales of nearly $14 billion. 

Low Earnings Rate 
Historically, the earnings r ate 

of the aerospace industry has been 
much lower than the rate tor 
other_ major manufacturing in-

Flying PhysiciansFormOrganization 
To Assist .Disaster Areas 

. dustnes. In recent years, the hiO'h. 
est rate of earnings for the ae~o
space industry was achieved in 
1955 when the earnings ratio was 
3·8 per cent . This h as declined 
~teadily since then with an earn
m gs ratio of 2.4 per cent in 1958 
and 1.4 per cent in 1960. The 
1~61 figure represents the first 
c ange in the steadil)' dwindlinrr e . . ~ 

ainmgs rate. The averacre for all 

Some 2,000 physicians through
out the country have formed a 
unique disaster organization which 
is designed to fl y emergency medi
cal assistance to stricken areas in 
the event of a national emergency 
or widespread disaster. 

The physicians, members of the 
F1ying Physicians Associati_on, are 
those doctors who fly then· own 
planes. The medical profession, 
like so many other segm~nts of 
O'Overnment and industry, IS turn. 
i'nO' to li aht planes as a means of 

t> t> f 0 0 d 
expanding its fi eld o. act1v1ty a1; 
increasing its servi ce to the nu~h . 

Dr. Frank H. Coble of Rich
mond Ind Chairman of the FPA 
Disaster P·t:ocrram says the 2,000 
enrolled phy:icia1~s, pi_loting tl~ eir 
own planes and carry mg med1cal 
suppli es and additi oHal medical 
personnel, are ca pable ?f converg
ing on a disaster area m a ma~ter 
of homs or even n tinutes to lm ng 

emergency relief until regular med
ical faci lities can be established. 

Their plan has the cooperation 
of the American Medical Associa· 
tion , the Federal Civil Defense of
fi cials, The Department of Public 
Health and the Federal Aviation 
Agency. 

The program is an excellent e ·. 
ample of the value to the nation of 
the thousands of privately oper· 
ated aircraft and the hundreds of 
thousands of private pilots i~t times 
of nat ional cr isis uch as rn1 ght be 
oc a ioned by a natural di saster 
or an atomic. attack. Unfler such 
emercrency conditi ons. small ai r -

to . d 
craft can ov r- f1 y devastate a reas 
and congested or blockefl urfa:e 
transportation. and can land 111 

small open areas such a fields, or 
highways, or in vublic parks. 

Dr. Coble sa id a "co nservative 
cstim te indicate that it would 
cost our government in excess o·E 

$60 million per year to duplicate 
and maintain aircraft and equip. 
ment and the stand-by medical 
personnel and supplies involved · 
h. l h" l 0 ll1 t 1s p an w 1c 1 1s already avail. 

able through the Fly in o- Phys1·c· · o 1ans 
at no cost to the government or to 
the taxpayer. 

" In the event we are put to an 
actual test, we do not ex 

··f . . pect to 
per 01 m muaculous feat . l 
c. ld f . s ln be n o surgery or m savt" 1. W f I . ng 1ve 

e ee our mam value I · . b . ff . < per 1aps 
may e 111 o erma some . 1. f . o re 1e f 
pam and ufferin o- • tr1· ag . 0 

f .1 . o' < e sortma 
o ca ua t1es fot "Tou "' 
low ; bringing h op 

5 fr:;
1 

to ~ol
with th new that the. . outstde 
side and that 0 . 

1 ~ IS an out
h b Ut en ti re country 

a _not een destroyed " h "d 
Smce pla . e sal . n mu t a . ·f to stat b · I . r om state 
· . e e a use of loca tion , ter -

ram , mdustry and I . .il"f 
f . 

. · popu at1.0n ui . 
· erences 1· 'd ' me 1" 1 ual state program 

(See .STATE, Page 7) 

other man f t . .o d . u ac urmg m ustnes 
was 5.4 per cent in 1955 4 .. 2 per 
ce t . 19 ' 
19

n 1ll 58 and 4.4 per cent in 
60. 
The aerospace industr)''s net e . 

arnmgs as a percentaae of net 
worth h as also shown b a sharp 
drop in the past five years from 
18.2 per cent in 1957, to 9.2 per 
cent in 1961. 

Volatile Technoloo-v 
~-

The effect of the low earnings 
rate of the aero pace industry is 
ac ' entuated h the volatil shift
ing technology that is its hallmark. 
The aerospace industr I invest 
the highest proportion of it arn
incrs in facilitie aud quiprnent 
of all manufacturing industrie . 

o·gressive research and develop
ment programs are . the heart of 
n w bu .in . 

Tb se pro rr nu1'1, r pr • nt far 
liiOre than simply technological 
efforts. Th y are the fou ndHtion 
(See AEROSP A{;E_ Page 7) 



Plane Vie""s 

The advanced Saturn rocket 
now under development will: 

Weigh about 6 mil
lion pounds at lift
off, the equivalent 
of a light cruiser. 

Reach a height of 
350 feet, twice that 
of the Statue of 
Liberty. 

Hurl 200,000 pounds into 
a 300-mile high orbit. 

Aerospace Quote 
" . .. we must not underesti· 

mate the potential peril that 
space exploration holds for 
mankind. Like any other realm, 
space can be used for military 
purposes, and the Soviets have 
continually reminded the world 
of this fact. Nearly every one 
of their space shots has been 
accompanied by a threat
either stated directly or implied. 
The Soviet leaders have openly 
boasted that they would not 
hesitate--if it would serve their 
purpose--to turn their space 
knowledge to military use. 

" If the Soviets should attain 
a signi-ficant breakthrough in 
space technology, they could 
achieve two decisive military 
capabilities. They could develop 
space-borne weapon systems 
that could attack targets in the 
Free World. And they could 
deny other nations access to 
space - even for purposes of 
scientific r e s e a r c h. Soviet 
achievement of either of these 
capabilities would pose a grave 
threat to our national security." 
- Gen B. A. Schrie'ller, Cmdr., 
AF Systems Command. 

Materials Subjected To 
Space Environment 
Scientists are obser ving strange 

phenomena as they delve deeper 
into the behavior of materials in 
space. 

One firm , conducting a four
year study on the "Effect of Nu
clear Radiation on Materials at 
Cryogenic Temperatures," has ob
served such strange spectacles as 
air tu rning into solid ice, rubber 
hoses becoming as r igid as steel, 
and steel becomi ng as brittle as 
glass. 

The study, which wm be com
pleted in 1964, is the first com· 
prehensive effort to see what 
happens to various materials when 
they are assailed sim ultaneously 
by high energy nuclear r adiation 
fluxes and cryogenic temperatures 
as low as 429 degrees below zero. 
~ t these low temperatu res, rna· 

tenals change their characteristics. 
Locating the stage and na ture of 
the change requires millions of 
d~llars and countle s experiments 
Wllh the entire family of metals 
and a~loys. Hand in hand with this 
expernuentation is the effort to 
product futuristic spaee hard ware. 
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ManageJDeni and P •·ogress 
The magnitude of the current national effort to explore space is 

apparent in estim.ates that more than $30 billion dollars will be spent 
in this endeavor during the remainder of the decade. Larger amounts 
of the taxpayers' dollars will be spent for advanced weapons systems for 
our national defense. 

Obviously, the success of these programs will depend largely upon 
our technological capability-men and facilities. But success will turn 
likewise upon our ability to manage these and other vital resources. 

There appears to be little doubt that the nation has abundant re. 
sources to insure success. But that is only half the battle, for we might 
very easily find ourselves with a shortage of resources if our efforts are 
dissipated or diffused by poor programing or careless management. 
The success of our missions depends squarely upon effective manage· 
ment at both the governmental and industrial level. 

A unique government-industry teamwork has evolved during the 
last quarter century from aircraft and aerospace technology. In both 
the military and civilian aerospace efforts, the government-industry re· 
lationship may be accurately described as a partnership. 

At the point of policy and broad control, competence in management 
is vastly more important than competence in either science or in engi
neering. Management ability and skill , the faculty of recognizing, 
analysing and solving complex problems involving a mixture of human 
relations, economics, science, and engineering, are unique attributes 
which are not created by a par ticular branch of learning. Good man· 
agers are not plentiful and are conspicuous by their success, and un· 
fortunately, technical competence and management competence are not 
synonymous. 

The objective of weapons or space systems management is to develop 
and produce an operationally satisfactory system in the time required 
and at the lowest possible cost. This obj ective always must be in clear 
focus. Management, organization and delegated responsibliities ail 
should be oriented to keeping the path to that obj ective clear. 

Specifi c organiz_ations may take many forms. Organization has no 
muscle and no bram. It can do no work and cannot think. It is merelY 
a set of r ules and relationships which enables many people to work 
together as a team. The best organization for management of a sys· 
tem's development and production is that or o-anization which incor· 
porates all of the features which enable the g~oup to work best as a 
team, with a single head. 

The history of the aerospace effort has been one of explodin o- tech· 
nolO"'Y in which advances in the state of the art have constant!; over· 

b h . f . 
r idden one a not ~r ~·~ a pro·. us_w n of improvements in pedormano~, 
capability and rehab1bty. It JS mevitable in pr oo-rams of these magni· 
tudes, that these technol ogical adva nces place ~evere demands upon 
management. These demands are. further complicated by the necessarY 
interactions between government, m dustry and the scientific community· 

While the road to effective management is never an easy one, aero· 
space firm s are maintaining management advances in line with tech· 
noloo-ical advances, because it is apparent that attainment of our na· 
tion: l objective requires nothing less. 
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T HE recent orbital fli ght of astronaut John 
Glenn in a Mercury spacecraft was a real 

triumph for the United States in the inter
national space competition. It provided an 
enormous boost to American prestige, and a 
maj or contr ibuting factor was the method in 
which the fl ight was conducted, in open view, 
with foreign observers and press from all over 
the world on the site, with live telecasts to 
millions of Americans and with re-broadcasts 
to millions in other parts of the world. 

The "open view" policy, which permitted 
the individual to be a spectator, accentuated 
the enormity of the accomplishment and gen
erated far more enthusiasm than had the 
Soviet Union's secretly-conducted launches of 
cosmonauts Gagarin and Titov. For the de-



ciswn to launch mission MA-6 in the public 
view, the National Aeronautics and Space 
Administration merits the highest plaudits. 
The major motivation for that decision was 
NASA's confidence in the thousands of pieces 
of equipment which went into the Mercury 
system. Mission Mercury Atlas Six provided 
the greatest demonstration in recent years of 
the ability of the aerospace industry to pro
duce intricate, complex, yet completely reli
able equipment. 

The major contributing manufacturers re
ceived due credit for their accomplishments in 
the course of the live telecasts and the press 
reports which followed. However, there were 
literally thousands of contractors involved 
and, because their products were too minut~ 
to merit. mention or too complex for lay un
derstandrng, most of them had. to be content 
to ,bask in reflected glory. In companies 
large and small all over the United States 
there were a great many tho usands of aero: 
space workers who had a share in John 
Glenn's flight, and it is fitting to recount some 
of · their contributions as an example of the 
intricacy of a manned spacecraft system and 
the cooperative effort required to produce it 

First, of course, there was the spacecr;ft 
itself, the Mercury capsule named Friendship 
Seven. Only nine feet high and six feet across 
at its base, the Mercury capsule is small. com. 
pared with other aerospace products like mis
siles and aircraft, but its fabrication posed 
huge problems in design, engineering and 
manufacture. For example, the capsule could 
weigh only about a ton , which ca lLed for the 
use of miniaturized instruments and speciall y-

designed space-saving components. Its design 
also demanded the use of strong, lightweight 
metals, such as titanium, beryllium and nickel
based alloys, which withstand far higher tem
peratures than most metals. Safety consid
erations for the astronaut required "redund
ancy," the installation of "back-up" systems 
in case one component failed. Each major 
component had at least one back-up system; 
in some cases there were three. 

For the task of producing the capsules, 20 
of which are being built, new manufacturing 
techniques had to be devised. One example: 
a new technique had to be developed for the 
automatic fusion-welding of capsule skins only 
lllOOth of an inch thick. At the start of the 
program there was considerable doubt that 
successful welds could be made with such 
thin t itan ium sheets. The manufacturer
McDonnell Aircraft Corp.- fiually designed 
fixtures that provided inert gas shielding for 
both sides of the weld plus the exact amount 
of chilling requiredto control the tempera,tu~e 
of the material in the area of the weld . fh1 s 
permitted the welding to be done. in ro~m air 
ra ther than in a gas chamber , m win ch all 
previous titan ium fusion-welding had taken 
place. The result was believed by Mc_Donnell 
to be the highest quality weld yet ach~evec~. 

McDonnell also had to create a hospital-lJke, 
"superclean white room" for the assembly of 
environmental and reaction control systems, 
whjch tolerate neither dust particles which 
might interfere with operating mechanisms 
nor rust which might originate from hu~an 
cn.ntaet durjng assembly operations and wh1ch 
might bring about a failure. The room de-

veloped for this work incorporated an air 
conditioning filtration system which removed 
infinitesimal dust particles, maintained a con
stant temperature of 74 degrees and a relative 
humidity of not over 50 per cent, to provide 
for worker comfort, control perspiration, and 
for dimensional control of materials. The 
room was pressurized at all times and anyone 
entering had to wear white uniforms of dust
free nylon, nylon caps and plastic shoes. 

Together with these and a great many other 
technical problems, there was a stringent time 
limitation, since time was important in the 
international space competition. The first 
Mercury orbital flight took place only 37 
months after McDonnell was selected to nego
tiate a contract with NASA. 

McDonnell was prime contractor for the 
spacecraft, and was also charged with design 
responsibility for each of the components a5 

well as production of certain major items, 
such as the couches for the astronauts and 
chimpanzees, a satellite clock which indicates 
the precise moment the retro-rockets are to 
be fired to slow the capsule for re-entry, and 
a psychomotor tester for chimp flights. 

Some idea of the enormity of the task can 
be gleaned from the fact that some 4,000 
suppliers and subcontractors were associated 
with McDonnell in the development and man· 
ufa cture of the Mercury spacecraft. There 
were 596 direct subcontractors, located in 25 
states, and another 1,500 companies classifi ed 
as "second tier" contractors. Among the 
more important components which went into 
the Mercury capsule were these: 

Posigrade Rockets . These are small solid· 



propellant rockets mounted on the bottom of 
the capsule, their job being to separate the 
spacecraft from its launch vehicle when orbital 
velocity i achieved. There were three rock
ets, each of which burned for one second and 
prod uced 400 pounds of thrust. They were 
manufactured by Atlantic Research Corp. 

Retrograde Rockets. The "retros" have the 
all-impor tant j ob of firin g toward the line of 
flight to slow the capsule down for re-entry . 
On the Mercury capsule, there are three su ~h 
rockets, also mounted on the shield at the 
bottom of the capsule. On the MA-6 mission . 
the retro rockets were " ripple-fir ed," that is: 
they were ig-nited at fi ve second intervals. 
Each rocket fired for 10 seconds and produced 
1,000 pounds of braking thrust, which took 
the spacecraft out of orbit and into a descent 
path. The rockets were manufactured by 
Thiokol Chemical Corp. 

Escape System. An all-important item in 
case of failure during the launch phase, the 
escape system consists of a tubular tower and 
escape rocket mounted atop the capsule with 
explosive bolts. The thrust of the escape 
rocket pulls the spacecraft free of the launch 
vehicle in case of malfunction and drives it 
to a safe altitude where a parachute opens 
automatically to lower the capsule to earth . 
On the successfu l MA-6 mission, this system 
was. of course, not used, but was jettisoned 
prior to capsule separation. If needed , the 

cape rocket generates 52,000 pou nds of 
thrust for one second . On a normal mission. 
there is also a tower jettison rocket which 
develops 800 pounds of thrust for 1.5 seconds, 
to separate the escape system from the cap
ule. The escape system rockets, which utilize 

solid propellants, were built by Lockheed 
Propulsion Co. (formerly Grand Central 
Rocket Co.) . 

Mercury capsules are fabricated under superclean hospital-like con
ditions to insure against clogging of systems by foreign particles. 
Even the tiniest· dust mote is a potential source of malfunction. 

Environmental System. One of the most 
important systems in the Mercury spacecraft, 
this system provide a livable environment 
'for the astronaut whi le he is coursing through 
the unlivable conditions of space. Located 
under the astrona ut's couch, it provides an 
oxygen atmosphere, temperature control and 
pressure regulation both in the cabin of the 
capsule and in the astronaut's suit, with inde
pendent circuits for each . Electrical power 
for the system is provided by batteries. The 
astronaut's fu ll-pressure suit is, in effect, a 
separate environmental "cabin," to provide 
protection in case of a cabin decompression. 
It consists of a to r o, helmet, gloves, boots 
and an undergarment. The environmental 
system functioned almost perfectly throughout 
Glenn 's fH ght and maintained a maximum 
temperature of 103 degrees Fahrenheit during 
the critical re-entry phase. Manufacturer of 
the environmental system was AiResearch 
Manufacturing Division of Garrett C~rp. The 
suit was supplied by B. F. Goodrich Corp. 

Stabiliza.tion Control System. This system 
consists primarily of horizon scanning and 
gyroscopic equipment to sense the attitude 
of the spacecraft in orbit. . Any deviation 
from the desired attitude can be corrected by 



firing small, low-thrust hydrogen peroxide 
jets. It is extremely important that a precise 
capsule attitude be maintained before and 
during the period of retro-firing, so that the 
heat shield on the bottom of the capsule can 
absorb re-entry heat. Because of the impor
tance of this system, there are two indepen
dent methods of controlling the attitude of 
the spacecraft : automatically, or "Fly By 
Wire," in which the astronaut operates the 
jets by a control stick On MA-6, Glenn en
countered some difficulty with the automatic 
system, and completed the mission on "Fly 
By Wire." The stabilization control system 
for Mercury was provided by Minneapolis
Honeywell Regulator Co. Bell Aerospace 
Corp. produced the reaction jets. 

Communications System. This system pro
vided both voice and telemetry communica
tion. It included ground command systems 
for the sequencing mechanisms, instrumenta
tion telemetry, tracking beacons, voice and 
recovery radio. Manufacturer was Collins 
Radio Co. 

Periscope. The primary instrument for 
navigation, the periscope provided the astro
naut with a view of the earth beneath the 

spacecraft. It was manufactured by Elmer
Perkins Corp. 

Landing System. The landing system, for 
bringing the capsule back to ea1th after re
entry, consists of three parachutes-a six-foot 
drogue parachute, a 623-foot ring-sail main 
chute, and a large reserve parachute. The 
landing system was actuated at approximately 
21,000 feet altitude by a barostat which 
senses atmospheric pressure. First deployed 
was the drogue chute, to decelerate and stabi
lize the capsule. At about 10,000 feet, the 
drogue chute was jettisoned and the main 
chute opened by another barostat. The reserve 
chute, to be used in case of main chute failure, 
was not needed. After the main chute opened, 
a balloon-like landing bag was extended to 
take up impact shock. The landing system was 
manufactured by Ventura Division of Nor
throp Corp. (formerly Radioplane Division). 

Heat Shield. Another extremely important 
component, the heat shield is designed to ab
sorb the friction heat of re-entry. It is made 
of a mixture of glass fibers and resin in such 
proportions that the resin will burn off under 
applied heat while the glass fibers provide 
strength and shield integrity. Designed for 

As in Project Mercury, the aerospace industry will be heavily 
engaged in Project Gemini, a two-man spacecraft designed for 
longer durations and research on space rendezvous techniques. 

more severe re-entry loads than those ex
perienced on MA-6, the shield functioned per
fec tly; only a few pounds were boiled away. 
Manufacturer of the shield was Cincinnati 
Testing Laboratory. 

Throughout the design, development and 
manufacture of all of these components, the 
companies involved experienced a great many 
problems similar to those encountered by the 
prime contractor, in mos t cases demanding 
completely new techniques. 

The foregoing components concern onl) 
the spacecraft, the capsule in which Glenn 
rode. There were, of course, a gr eat many 
other components in the complete Mercury 
system. 

A major item was the launch vehicle, which 
boosted the capsule to orbital velocity and in
jected it into the proper orbit. The launch 
vehicle consists of three main components: 
the airframe, the rocket power system and the 
guidance and control package. The airframe 
was an Atlas D missile frame, slightly more 
than 67 feet tall ; with capsule and escape 
tower attached it was 95 feet four inches 
high. The pr~pulsion system consisted of 
three large rocket engines, two boosters and a 
sustainer, with a total thrust of 360,000 
pounds~ At 130 seconds after launch , a 
ground signal cut off the two boosters; the 
sustainer enaine continued to burn for 300 

0 

seconds. 
The job of the radio guidance system ~vas 

two-fold: first, to guide the launch velucle 
and its spacecraft to the proper point in space 
where they separated, and secondly to. rel~y 
data to NASA "round stations to assist m 

0 

determining the orbit achieved. 
The three main manufacturers were General 

Dynamics/ Astronautics (airframe); Rocket
dyne Division of North American Aviation 
(rockets); and General Electric Co.'s Defense 
Systems Department (guidance). Each had 
a great many contributing suppliers and sub
contractors. 

One other major component of the Mercury 
complex must be mentioned: the global track
ing and ground instrumentation system. The 
ground communications network is a vast 
data handling system, relaying teletype mes
sages between 18 stations, Goddard Space 
Flight Center , Greenbelt, Md. , and the Mer
cury Control Center at Cape Canaveral; ac· 
quisition data from Goddard to tracking and 
telemetry stati ons; commands and instructions 
from Cape Canaveral to the stations; tracking 
data from the stations to Goddard; high-speed 
data transmissions between Goddard and Mer· 
cury Control for computation and display ; 
and voice communications between all sta
tions. This vast network was the work of an 
industrial team led by Western Electric Co. 

These are only the major manufacturing 
elements involved in the Mercury Atlas Six 
fli ght. There were a great many others, 
ranging from tiny transistors to complete 
sub-systems. The offi cial NASA report on 
MA-6 states that there were 19,300 people 
connected wi th the fl ·ight. There were actual
ly a grea t many more. All over the United 
Sta tes, thousands of aerospace industry work· 
ers mentally rode through space with John 
Glenn and exulted in the knowledge that they, 
too, had contril uted to the great achievement. 



Reinvestment By A~erospace Firms 
Highest Of All Industries 

(Continued from Page 1) 

for o~r national survival. With
out vigorous R & D projects the 
U. S. g?als of defense and s'pace 
exploratiOn supremacy would be 
forfeited. 

In the final analysis, the funds 
to support technical capability and 
the necessary facilities and equip
ment can come only from earnings. 
An example of the surging tech
no.logy of the aerospace industry 
bnngs these requirements into 
sharper focus. In the first 45 years 
of powered flight we moved from 
a speed of 12 miles per hour to 
more than 500 miles per hour, a 
yearly average increase of about 
lO miles per hour. Each year ·we 
flew a little faster, a little higher. 
The gains were simple arithmetic 
increases. Our performance aains 
since then have been expon:ntial 
- multiple increases. In one-third 
the time required to increase air
craft speeds about 450 miles per 
hour, we boosted them more than 
1,000 miles per hour, an annual 
average increase of nearly 75 miles 
per hour. We moved across the 
sonic barrier- once considered im
penetra•ble-and supersonic flight 
today is another milk run. 

State FPA Units Hold 
Practice Fly-Ins 

(Continued from page 1) 

for FP A members are bein a 
to 

worked out with State Civil De-
fense and Public Health offices. 
Some of the r esults so far: 

In Indiana, FP A members can 
be notified by State P olice, and 
practke fly-ins have been attend
ed by 60 to 85 per cent of the par
ticipating physicians. 

In Ohio, several mock fl y-ins 
have been held, including an exer
cise conducted in conjunction with 
the practice operation of one of 
the 200-bed civil defense emergen
cy hospitals positioned throughout 
the country. 

In California, the FPA members 
are ready to help out in emergen
cy medical care, and also in aerial 
urvey of a disaster area, aerial 

traffic control of {rround vehicles, 
transporta tion of sick and wound
ed. and aerial mon itoring of radio
active fallout. 

Other states in which Flyin g 
Physicians programs are being 
formulated include Georgia, Mis
issippi, T exas, Washington, Wyo

tning, Oklahoma, Maine and other 
\lew England states, P ennsylvania 
and New Jersey. 

This sort of case history can be 
found in every segment of our in
dustry. It has been many years 
since our goal-as most other in
dustry goals remain today-was 
simply product improvement. To
day, corporate survival demands 
quantum jumps. 
A~ stated earlier, the earnings 

portiOn of the $14. billion in aoods 
d 

. 0 
~n serviCes sold by the aerospace 
mdustry amounted to only 1.8 per 
cent of the total. However it is 
this amount that receives th~ clos
est scrutiny and the sharpest criti
cism. This has led to excessive 
stultifying controls that have mad~ 
the main goal-better defense at 
less cost-more difficult to reach. 
Senate Committee View 

The U.S. Senate Committee on 
Armed Forces, in a recent report 
on procurement stated: 

"Since costs constitute a large 
part of the prices paid by the 
government, it is elementary that 
an excessive concern over profits, 
to the exclusion of cost consider
ations, may lead to unsound de
cisions in selecting contract types." 

A contractually stipulated fee 
for carrying out a contract is far 
from being all profit. Govern
ment contracts are strictly admin
istered on an allowable cost basis. 
For example, the manufacturer of 
a commercial product includes all 
costs of doing business before he 
adds a profit to his sales price. 
Many of the normal costs of oper
ating a business-such as interest 
on loans, most forms of adver
tising, accelerated amortization of 
emergency facilities and a host of 
other costs-cannot be charged to 
the government. These must come 
out of the fee ; the remainder is 
profit. In many cases, the costs that 
are not allowed exceed the profit. 

'Non-profits' Paid Profit 
Even the "non-profit" organiza

tions require and are paid a profit. 
These organizations, created by 
the Federal government to im
prove its technical management 
capabilities, are paid a fee of 
about 10 per cent above their costs 
-five times the earnings rate of 
the aerospace industry. 

This is required, a goYernment 
witness told a House Committee, 
because these firms must conduct 
some amount of independent re
search to stay "healthy." The non 
profit firms also need capital for 
overhead expenses and expendi
tures for facilities, he said. 

Even with a low earnings rate, 
the aerospace industry has achieved 
a technological capability that has 
met every challenge posed by de
fense requirements and a vigorous 
national program of space explor
ation. 

20.8% 

Aerospace 
Industry 

R & D SPENDING 

11.3% . 

Auto Proves Valuable Aid In Testing 
Exhaust Effects on VTOL Project 

The automobile gave a hand to 
the aerospace age recently during 
testing of a jet-powered VTOL 
(vertical takeoff and landing) air
craft. An exhaust recirculation 
problem provided the setting. 

During takeoff, hot exhaust gas 
from the engine hits the ground 

Unique Device Safely 
Strips Wire Insulation 

A unique device to strip the 
insulation from wires without dan
ger of damage to the wire itself 
has been perfected. 

The tool, which looks something 
like a pair of pliers, raises a sec
tion of insulation like the hump in 
a ca terpillar's back and cuts it 
without touching the wire. 

The instrument is a boon to 
stripping wire for attachment to 
another component h1 precision 
electronic systems such as those in 
missiles, aircraft and computers. 
The work is criti cal, because a 
small nick or similar damage to 
the wire could mean failure of the 
entire system. 

directly beneath the tailpipe and 
rushes out in all directions. If 
significant amounts of this hot, gas 
were sucked back up into engine 
air inlets located beneath the 
wings, a loss of thrust would result. 

In order to determi ne precisely 
what happened to exhaust gases, 
company engineers brought an 
automobile into a wind tunnel test 
cell and piped its exhaust thTough 
a simulated turbojet in a VTOL 
model. Air compressors forced the 
exhaust through a high-velocity 
and created suction at simulated 
air in lets. 

A standard carburetor cleaner 
placed into the automobile engine 
fed a white vapor through the air
craft model and produced a visi
ble, photographable exhaust flow. 
These tests proved that under-the
wing air inlets in a VTOL would 
suck up a significant amount of 
the exhaust gases fl owing outward 
along the ground. 

The company is now engaged in 
studying relocation of inlets, as 
w_ell as other exhaust-evading tech
mques. 



Friction-Free Air Bearing Solves 
Precision Welding Problem 

The art of electronic welding 
has advanced dramatically as a 
result of a recent application ef a 
friction-free air bearing. 

By constructin~ an air bearing 
carriage, the fi rm can now effec
tively join materials only .003-
inch thick. It has also achieved 

New Circuit Operates 
Like Human Brain 

A mechanical Drain which oper
ates more like the human brain 
than any memory circuit ) et de
vised is being developed. 

The new device simultaneouslv 
compares all stored computer i~
formation, rapidly associating in
put data with any portion of re
lated information contained in its 
memory. It p rovides a greatly 
s implifi e d d es i g n approach to 
high-speed, large storage capacity 
computer memories. 

The new associative memory 
circuit has both military and com
mercial applications, including air 
traffic control. air defense missile 
detection, and, space satellite moni
toring and control. 

The circuit, small enough to be 
held in the hand, is composed of 
numerous high-speed switches, or 
cyro trons. Despite its small size, 
the circuit offers p e rf o rmance 

·equivalent to that obtainable with 
several hun dred lar~e components 
such as resistors. capacitors and 
transistors. 

1001 Space Questions 
Answered by Newlon 
Recommended reading for space

age enthusiasts is 1001 Questions 
Answered A bout Space by Clarke 
Newlon (Dodd , Mead & Co., NYC, 
$6.00) . 

Newlon, a consultant to NASA 
and USIA, has arranged his wealth 
of information into sections cover 
ing the eosmic bodies, history and 
techniques of space exploration, 
launch vehicles and the various 
agencies, manned and unmanned 
systems, the human side of space, 
search for life in space, and mili
taq applicati ons to space. He also 
covers global TV possibi lit ies, 
weather, navigation comm unica
tion satellites and industrial impli
cations. One chapter is devoted to 
short biographies of the important 
men and women o-f space. 

The book is availahJe from tne 
Aerospace Book Club. 7801 Old 
Georp:etown Road, Washington 15., 
D,C. 

a 50 per cent improvement m 
surface finish of the weld. 

Air bearings eliminate friction 
by " fl oating" on a thin cushion of 
air or inert gas, which is .chan
neled at low pressures through 
specially designed tributary net
works on the bearing surface. 

Four bearings support and po
sition the welding head while the 
carr iage is traversed by a simple 
rubber-roller drive. 

The carriage is operated on the 
factory air supply or can be adap· 
ted to function with a portable air 
source. Lubrication is unnecessary 
because there is no friction , and 
maintenance is reduced. The car
riage can be operated for eight 
hours at an estimated cost of 2.7 
cents. 

72 Million Computations 
Required for Tool 

A new lightweight, compound
contoured master form with di
mensional stability has been ma
chined by numerical control at an 
aerospace plant. Officials say this 
is the first time a numerica l con
trolled machine tool has been used 
for this purpose. 

About 9,000 punched cards di· 
rected an electronic computer in 
making more than 72 million com
putati ons to produce the magnetic 
tape used to guide the milling 
machine in cutting the form to 
shape. 

The master form, composed of 
honeycomb and fiberglass panels, 
plastic foam and a solid plastic 
face, can be carried by two men. 
The same form made of plaster 
would require a fo rk lift to carry 
it. 

Metal Joining Method 
Cuts Cost of Electron ics 

A unique metal joining process 
can cut 40 per cent from the cost 
of manu facturing complete micro
miniature electronic circuits, ac· 
cording to an engineering stud y 
reported by an aerospace firm. 

The process, called ultrasonic 
bondi ng, co uld revolu tionize a 
microminiature electronics market 
which may reach $80 million a 
year b y 1965, accord1ng to the 
report. 

Engineers descri bed an ul tra
~o ~i: bon fli ng machine capable of 
Jounn ::; iTJ a single, instantaneou. 
operatw u as many as 30 compon
ents of a minute electron ic ·i rc uit. 
P_rev ious1V', components of these 
CJrc.ui ts h ave had to he joined by 
a. t1me-consuming series of ind i
vulua l weld on sland at d pot 
welding machines. 

NAEC Offers 1962 
Aerospace Book 

The 1962 editi on of U. S . Air
craft, Missiles and Spacecraft, a 
pictorial and written account of 
U. S. aerospace achievements dur
ing the past year , is now off the 
press. 

Included in the 164.-page edition 
are pictures and general specifica
ti ons of aircraft and missiles cur
rently in producti on, new engines, 
and some important developments 
in systems and components. 

An aerospace events section re. 
ports on new aviation records 
made d uring 1961, awards, person
alities in the news, and achi eve. 
ments in space fli ght. 

This yea r, the book fea tu res a 
wrap-up of the nation's lu nar pro
gram aimed at hoth . manned and 
unmanned exploratiOn of the 
111 00 11 . T he section contains photos 
of the lun a r spacecraft and descrip 
tions of the miss ions c~n t~m pla ted 
fo r the decade of the s1;x t1es. . 

P ublished by the Nat1onal Avia
tion Educati on Cou;ncil a~d pre· 

ared in cooperatton w1th the P . A . . 
Aer ospace lJ1d ustn es ss?c1atwn , 
the booklet may be obtame~ f:or 
$1 . .50 per copy ~rom the ~a twnal 
Aviation E tl ucat10n Council, 1025 
Connecticut Avenue, N.W .. Wash
ington 6, D. C. 

Honeycomb Wall 
Smooths Air Flow 

One aerospace firm has inj ected 
new vitality into its transonic 
wind tunnel by installing a 41f2-
ton aluminum honeycomb wall to 
smooth out air turbulence. 

The honeycomb forms a strainer 
th ro ugh which all air in the instal
lation must pass. When the air 
emerges, its roughness has been 
combed out. with the result of in 
creased acc~racy in testing models 
of future aircraft and missiles. 

Modernization of the tunnel be
came necessary because of the in
creased speeds at which current 
aircraft and missi les are being 
tested. Originally the speeds were 
low enouuh that turbulence did 
not interf; re with results. 

The huge honeycomb is three 
feet thick and stretches from wall 
to wall and floor to ceiling in the 
laraest section of the tunnel. It 
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has 4,300 apertures. 

Coiled Spring Measures 
Bacteria Weight 

A coiled spring, half the diame
ter of a human hair , yet stronger 
than steel and so accurate that it 
can meas~re how much bacteria 
gain in weight when they eat, is 
being produced by an aerospace 
firm. 

The springs have resu~t~d from 
the difficult art of collmg the 
glasslike pure fused quartz. De
velopers contend they h~ve no 
equal in achieving measunng ac
curacies. 

A t r oo m t e mp e ratur es th e 
quartz, which is pure san_d, is ex
tremely brittle. Its meltmg tem
perature is around 3300 degrees 
F. The coils are fashioned bv 
wrappina the quartz fiber around 
a mand1~l mounted in a lathe. As 
the fiber is carefull y fed onto the 
slowly turning mandrel, h~at is 
applied with an acetylene torch. 

Panel Shows Each Step 
Of Capsule Ejection 
An aerospace firm has developed 

a training panel which lights up 
like a Broadway marquee in the 
process of depicting virtually every 
mechanial step which takes place 
during the ejection of a capsule. 

The mobile t raining unit is 
currently being used to train Air 
Force personnel. Instructors sav 
i t is a very effective teach ing aid 
in the maintenance, inspect iou, in· 
stallation and safety classes. 

The eye-catching device wa 
evolved through the coo per ati v 
effor t of engineer ing mobile train 
ing specialists. 
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SPACE RESEARCH BRINGS BROAD CIVIL BENEFITS 
CONTROLLING COSTS 

Grandma's Rock Candy Technique Adapted 
For Producing Silicon Crystals 

Grandma's venerable technique 
of making r ock candy has been 
adapted by aerospace technicians 
to produce silicon and germanium 
for aerospace components. 

In the making of rock candy, 
one dips a piece of string into the 
liquid candy. The candy begins 
adhering to the string and small 
lumps grow into larger chunks. 

The same principle has now 
been applied to the gro,~ing of 
silicon crystals, with such Impres
sive results that the firm now pro
duces in one week as many crystals 
as were used between 1951 and 
1955. Purity of the m~ter?als has 
likewise improved so s1gmficantly 
that fi nished c'rystals of a decade 
ago would not be good enough for 
use as raw materials today. 

One system for producing crys-
" fl 'nrr " A tals is called oat zom o · 

rough cast rod of silicon is sus
pended in a crystal t.ube. A short 
section of the silicon 1s melted and 
the molten section slowly travels 
through the rod, ending al t~e. top 
af ter creating a perfect Sihcon 
crystal. 

The other method is a "crystal 
puller " f urnace in which a small 

. f 'l' " d" piece o pure si Icon-a set! -
is lowered into molten pig silicon, 
revolved slowly and then with
drawn. As the seed rises, the molten 
silicon "freezes" to it, forming the 
crystals. The diameter of the crys
tal is determined by the heat at 
which it is formed. 

Cost-Cutting Ideas 
Produce Big Savings 

A succession of cost-cutting 
ideas among personnel of one aero
space company has slashed the cost 
of one-inch pins for a rocket 
from $2.71 each to 20 cents. 

The pins are used to link stages 
of the missile together so that they 
don't slip during the flight. About 
18,000 of the pins are used year 
ly, according to a company spokes
man, and the annual saving de
rived fro m the re luced cost 
amo unts to $4·5,000. 

lmplementa6 on of a series of 
employee suggestions succeeded in 
reduciug the cost of the pins to 
77 cents, then to 27 cents and 
finally to slightly more than 20 
cents. Employees were given cash 
awarcls for their ideas. 

Rewards Range From Better Coffee 
To Treatment Of Diseases 

In addition to its primary benefits, the nation's space exploration 
program is bringing to the individual consumer revolutionary rewards 
which touch every phase of his activity. 

These rewards encompass everything from safer football helmets to 
better coffee, better health to better fire protection, improved weather 
observation to instant mail. 

Microphone Hears 
Aurora Borealis 

Aerospace engineers have de
vised a sound communication sys
tem so sensitive that it can hear 
the noise of the aurora borealis. 

The new system, which is sev
eral times more sensitive than the 
human ear , operates on all acous
tic energy levels from two to 250 -
000 cycles per second. The h~
man ear functions only from 16 to 
20,000 cycles per second, and even 
a dog's sensitive ears function only 
up to 25,000 cycles per second. 

Although the microphone and 
loudspeaker used in the system 
are rugged enough to resist dam
age by jet engin~ noises, they can 
hear the radar signals emitted by 
bats for navigation. 

The microphone serves as a ra
~io receiv~r and the loudspeaker 
Is the eqmvalent of a transmitter. 
Both focus and direct sound waves 
n;uch as. a searchlight focuses and 
dn ects h ght waves. 

The condens.er -type microphone 
can detect audible sounds at twice 
the distance of regular micro
~hones. lts sen itivi ty is three 
tunes greater than other micro
~hones in the audio range and 20 
times greater in ultrasonic ranges. 

Kitchen Sponge Proves 
Va luable Space Tool 

A research director for an aero
space compan y has re ealed U1at 
the common kitchen sponge ha be. 
come ritical space-ship equipment. 

The firm 's engineer adapted tl1e 
principle of the ponge anc1 orano·e 
juice squeezer to absorb xce s 
moisture from the artifi ial atmos
phere of the Mercury pace cap· 
sule. 

Research in aerospace medicine 
will be bringing improvements in 
the art of diagnosis and treatment 
of diseases, and a longer, healthier 
life. There is a new drug devel
oped from a missile propellant, 
which is now used in treating men
tal illness. 

Miniaturization, the technique 
perfected for space and defense 
programs, is revolutionizing medi
cal science by giving surgeon and 
diagnostician remarkable new 
tools and tracking devices. It has 
produced almost painless, . ultra
fast dental drills and has restored 
hearin rr through the surgical im-

o d . plant of a tiny electronic eviCe. 
In prospect is a battery-powered 

television system which can be 
swallowed by a patient, thereby 
transmitting a pictorial . report 
from a patient's stomach. Capsule 
transmitters that broadcast mtes· 
tina! data are already in use. 

Heart patients can · wear .a 
rhythm-control device to keep their 
hearts functioning properly, and 
several other devices have .been 
produced to aid in the prevention 
and detection of heart diseases. 

Research to determine minimum 
standards of performance for foot· 
ball headrrear is being conducted 
with elec~·onically-rigged helmets 
capable of measuring head shocks. 
Numerous by-products of the 
space age are benefiting the house
wife and homeowner , and more 
are coming. De elopment of pac.e 
foods will lead to improved nutn
tion for the earthbound, and u e of 
svuthetic fabric ' i ll pro e in alu
able as the world's p pulation ex-· 
pi odes. 

As an e ample one aerospar 
compan ha develop~d a pr~ . 
for making fl our of !ugh nutnllon 
value from bl ached ea 11•eed. 
infra-r d food blan bing proce ~ 
ha TJro eel hio·hly e:ffe tive in pr · 

b • .J 
pari11g fo ods for canm ng tl lll! 

(See GLORAL, page 7) 



Space research is producing many items 
for the diagnosis and treatment of dis
eases, including: 

• Sensors-"electron 
flash any change in a patient's condition 
to a central location. 

• space su which are 
making it possible for bedridden victims 
of strokes to walk and work. 

AEROSPACE 

• Lasers, which produce a pin-point of 
light a million times brighter than the 
sun, may be used in eye and brain sur
gery. 

Aerospace Quote 
"The costs of space research 

can he tremendous, depending 
on the extent of the program 
undertaken. Each country that 
considers whether or not to un
dertake atmospheric or space 
research, must weigh the costs 
involved against the values of 
some other application of its 
resources. 

" It can be shown that the in
vesliment in space research is a 
sound one. The retu rns will pay 
many times over the in itial in 
vestmen t. 

"Out of the scientific re
search will come knowledge
knowledge about the universe 
and its laws ; knowledge ahouL 
the earth on which we live, its 
atmosphere, the sun, and the 
sun's influence on our earth ; 
and kno wledge about ph ysical 
life, its origins and fundamen
tal nature. 

" It is such knowledge that 
puts mankind in a posi tion to 
develop applications to human 
progress and welfare, to make 
new consumer goods, and to 
build up our standard of Jiv
ing."- Homer E. Newel~ Di
rector, Office of Space Sciences, 
NASA. 

New Sealant Effective 
At Low Temperatures 

A pair of engineers at an aero
space company have devised a new 
formula for a sealant compound 
that works perfectly at low tem
peratures. 

Tests of the new poly-sulfide 
compound indicate a wide usef~l
ness in aircraft structures, ship 
building, highway paving, building 
trades and other areas. 

The .sealant was developed origi
nally for use on the integral wings 
and other sections of the B-52. 

In such application, the com
pound needs both fl exibility and 
stability through a wide range of 
temperatures. I ts adaptability to 
unusual environmen ts suggests ap
plications in space vehicles. 

Performance of the material on 
the wings of B-5.2s in cold-weather 
areas such as Greenland and Alas
ka has marked the sealant as an 
exceptional discovery. In zero tem
perature it will harden in a few 
days instead of weeks, which are 
required by standard sealants. It 
remains flexible th rough a tem
peratUI·e range of minus 65 de
grees to plus 275. 

Highway maintenance firms have 
indicated interest in the material 
for use as a ftller between concrete 
slabs. 
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ft.esear~h Trailblaze•· 
The orbital space flight achievements of the Project Mercury team 

have received so much of the public's attention that another important. 
aerospace research program has gone relatively unnoticed. 

This is the X-15 special research program, which has made a number 
of important contributions to the advancement of aerospace technology. 
In more than 50 flights since Scott Crossfield made the first glide flight 
just three years ago, the X-15 has proved an extraordinarily effective 
research tool. Within the last seven months, the plane has attained 
a top speed of 4.,093 miles per hour and a maximum altitude of 246,700 
feet, or 46.7 miles. 

To the layman, already accustomed to space flight velocities of more 
than 17,000 miles per hour and altitudes of more than 100 miles, the 
performance of the X-15 may not seem overly impressive. The X-15, 
however, was not designed to compete in speed and altitude with manned 
spacecraft. It is an aerodynamic vehicle, built to investigate stability 
and control at very high speeds and altitudes, the physiological problems 
that a pilot encounters at such speeds and altitudes, and the problems of 
aerodynamic heating on an airplane moving at hypersonic speed. 

The contributions of the X-15 program to aerospace science cover 
a broad range. First, the X-15 served as pathfinder for the winged, 
aerodynamic aircraft of tomorrow. Although automated weapons have 
taken over some of the functions of airplanes, there still exists in the 
military services a need for manned aircraft in combat operations, and 
the X-15 program provided new guidance fo r the design and operation 
of such advanced aircraft. Secondly, it is inconceivable in this era 
of advanced technology that commercial transport aircraft will not 
progress beyond thei r current subsonic status. In exploring such areas 
as structures, stability, control and aerodynamic heating at speeds of 
M_ach 3 to Mach 6 and at very high altitudes, the X-15 will also con- . 
tnbute to the development of supersonic commercial aircraft. 

. Operating as it did above the effective atmosphere on many of its 
fl ights, the X-15 also provided data of use in futu re manned space 
programs. For instance, experience with the reacti on system used to 
con_trol the X-15 above the effective atmosphere can be applied to the 
design of future maneuverable spacecraft . 

Although the X-15 has already reached its design speed and altitude, 
it is fa r from finished as a research vehicle. Under an approved "ex· 
pansion program," the cr aft can be flown to altitudes between 300,000 
and ~-O? ,OO? feet _ at ~l ightly higher speeds than those already attained, 
permittmg I_nvestJga twns of sub jects already covered in a new altitude 
regime, agam above the balloons and below orbital spacecraft . In this 
regime, the X-15 i a complementary tool t o suborb ital sounding rockets, 
but it has an ad~antage in that it brings all its equipment hack to earth, 
allowing collectiOn of more detailed information than is possible by 
telemet ry processes. 

The Air Force, Navy and th e Na tional Aeronautics and Space Ad 
ministration merit the highest plaudits for the effi ciency with which 
the X-15 program has been carried out, and it is to be hoped that the 
results of this program will generate support for more advanced pro
gram of Lhis type. 



Air·Tran~·sport•s Next Great Step-
SUPERSONIC TRAVEL . . ' ... 

NAJEEB E. ·HALABY was 
appointed Administrator of 
the Federal Aviation Agency 
in January, 1961. Mr. Halaby 
is a pilot, lawyer, financial 
·consultant, a former govern
ment off.icial and executive 
of industrial corporations. 

He joined the Navy in 1943 and established 
the Navy's first Test Pilot School. He flight 
tested America's first jet aircraft, and made 
the first continuous transcontinental jet-pow
ered flight. His government service includes 
posts with NATO, the Economic Cooperation 
Administration and the Defense Department. 
Mr. Halaby was graduated from Stanford with 
an A.B. degree and from Yale with an LL.B. 

By Najeeb E. Halaby, Administrator 
Federal Aviat,ion Agency 

The nited State is the world aviation lead- And what Mach numb~r should we shoot 
er, an eminence which is the product of for? What range? Should it be a variable-

many fadors: gallantry aud stamina in the sweep-wing craft- or a can rd design-or a 
air, genius and hind work on the ground, conventional delta? Can we design ar eco-
proud achievements and brave decisions in nomical engine to meet flexible requirements 
plants, offices and board rooms. from .subsonic speeds on up to M\'lch 3 and 

Today we are coming to a time for critical beyond? Would we need to have parallel 
new decisions. The subject soon to be "on the engine development programs, or just one? 
floor" in the American aviation community, Should we have competing airframe designs 
government and industry, is the supersonic or select one and stick with it? How fast 
transport. should we go in research and development, 

Should the United States build such an weighing what we hope to achieve, progress 
airplane? If so, when? in the tates of the arts involved and the 



amount of money we believe is needed in the 
over-all program or any particular phase of 
it? 

That first question, of course, is the big 
one. The Federal Aviation Agency, with its 
partners in government and industry, is pursu
ing a program of research into technical prob
lem areas that will enable us to make a firm 
"yes" or "no" recommendation to President 
Kennedy. The responsibility for such a recom
mendation has been placed specifically upon 
us. It will go to the White House by this time 
next year. 

Evaluation of research program findings 
will, at the same time, provide us with impor
tant information should the time come for 
touah vital hardware choices-those sug-

b ' 
gested above and many others. 

The case for developing a supersonic trans
port appears, at this point, to be a good one. 
Fundamentally, aviation's primary theme has 
always been increased speed against a back
ground of general progress in providing effi
cient and safe operations. The history of avia
tion here and abroad is a story of progressive 
advances in these terms year by year, plane 
by plane, decade by decade. 

The supersonic transport, which could see 
airline service in less than a decade if develop
ment begins in the near future, would seem the 
logical next step. Such an airplane would 
zoom the traveler beyond the speed of sound 
just as previous developments in aviation 
through the years have brought him step by 
step r ight up to the threshold of sonic speed. 

In a supersonic transport, he could travel 
in swift comfort from New York to Los An
geles in less than two hours, across the Atlan
tic in little more. A transcontinental passen
ger could actually arrive on the West Coast 
"earlier" than he left the East Coast because 
the plane would outspeed time changes across 
the country. This extremely high-speed flight 
would bring nations and peoples still closer 
to each other, continuing a process that began 
back at the dawn of modern transportation, 
centuries before the Wright brothers changed 
the world with their visionary antics on the 
beach at Kitty Hawk. 

One of our airline associates put it this way 
recently: "If we accept speed as a basic and 
valid premise, we must accept as inevitable 
the advent of the commercial supersonic trans
por t aircraft." The thought could be ex
panded. If we accept and understand techno
logical progress and its implications, and in
deed, the modern world that we have created, 
then we must at least give very serious con 
sideration to the development of a supersonic 
transport airplane. 

The Federal Aviation Agency, the Interna
tional Civil Aviation Organization , a number 
of United States aerospace manufacturers and 
airlines, and the Civil Aeronautics Board have 
been conducting stud ies of the potential inter
national market for supersonic transport. Esti
mates range widely, aU the way from 100 to 
450 aircraft, with the best estimate of the free 
world dollar market somewhere in the $3 bil 
lion to $4 billion range. Both the size and 
value of the market could be expected to 
grow, of course, if research and development 
efforts were able to reduce both initial and 

Soviet Air Force's Bounder bomber could be the prototype for a Soviet super
sonic transport. The TU-104, a turboprop transport, was a converted military 
plane. The TU-104 turned out to be inefficient and substandard in civil use. 

operating costs for these aircraft. 
This is a healthy-sized market. The dollar 

potential goes higher when you add the in
come that could accrue to American flag air
lines operating supersonic aircraft abroad. 

The other side of the coin is this. If the 
supersonic market does exist, and if foreign 
nation's aerospace industries and airlines cap
ture it, not only would U. S. industry and car
riers lose major potential income, they would, 
in addition, almost certainly find their non
supersonic goods and services suffering 
through foreign competition. In other words, 
the United States would have fallen behind 
and would have to pay for it in dollars and 

cents. 
Alongside of this out-of-pocket loss, there 

would be a loss of something even more valu
able that often has a way, in individual and 
national 'li fe, of traveling hand-in-hand with 
practical success. A loss of internat_ional pres
tige would follow the loss of U?1ted States 
aviat ion supremacy as surely as mght foll ows 
day. The dark night of a secondar y posit~ on 
in aviation would be most unpleasant foll owmg 
the proud and sunlit years we in Ameri can 
aviation have known. 

Bri ta in and f rance are under lood to b in 
the p reliminary stages of what could turn into 
a joint venture in this area. Out of their co ur t
sh ip could come a Mach 2, aluminum aircraft. 
The plane apparently would he a short-to-medi 
um range in the French version. The British 
would probably look for transAtlanti c r ange 
through increa~ed fuel apacity in their model. 

This increased range would move the plane 
into the highly lucrative North Atlantic service 
where our surveys find much of the supersonic 
transport market, at least for the 1970s. 

The Soviet Union is known to be conducting 
an active program. We have little informa
tion on its particulars. There has been some 
thought that a supersonic bomber plane they 
flew at last year's highly publicized Moscow 
air show could well be modified into a super
sonic transport plane. This is the plane that 
the North Atlantic Treaty Organization has 
code-named Bounder. A Soviet aviation offi
cial told me not long ago that work was pro
ceeding to convert a military supersonic plane 
to civilian transport use. He said that the Rus· 
sians also are developing a civil supersonic 
transport specifically designed for their air
line, Aeroflot. 

It appears quite conceivable that the Rus
sians could have supersonic transports in the 
air before the United States. The best esti 
ma te for a french-British plane to enter air
line service is the 1968-1969 time period. 

But if the United States does proceed with 
its own program, it will not be an " also r an ." 
The U. S. government-industry approach-
hould the President, Congress, and inclustr · 

choose- would be a national program of the 
highest priority and importance to produce a 
safe, economically effi cient, m aintainable, fl y· 
able, long-life airplane that would be n otably 
the best supersoni c transport in the air . 

I t is worthwhile examining why the g ovem 
ment has such a key role in the fi rst place. 



Tl1e United States o-
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fense is involved. rtcept where national de
ernment is a prom~t lrough the FAA, the gov
aviation, with a co er land encourager of civil 
latory functions in ~~ ex 0~ s~rvice and regu
magnitude of a p ubhc mterest. But the 

superson· t 
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Cost estimates fo . h d 
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- c_o~t 14 milhon and the DC-8 cost 

112 m1lhon to develop co .d . I 
bl 
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The Department of Defense and the Na
tional Aeronautics and Space Ad · . t t. , m1n1s ra wn 
are FA~ s governmental teammates in the 
upersomc program. The three ao-encies and 

a broad cross-section of individucJs and cor
porations have participated in the research
planning and research phases of the proo-ram 
to date. 0 

Heading the program is a Steering Group on 
which I serve as chairman and which includes 
Dr. Brockway McMillan, Assistant Secretary 
of the Air Force for Research and Develop
ment, and John Stack, NASA's Director of 
Aeronautical Research. 

A continuing flow of information and ad . 
l'ice comes to this policy group from a body of 
outstanding private citizens with backgrounds 
in finan ce, aeronautical r esearch, airline man
agement, airport operations, and both airline 
and supersonic test flying. They comprise the 
~ upersonic Transport Advisory Group. Chair
man of this group, which meets with the Steer
ing Group monthly and provides continual 
advice between meetings, is retired Air Force 
Gen. Orval R. Cook, former President of the 
Aerospace Industries Association. 

At the working level, we have our Super
.onic Transport Task Group composed of 
members from the FAA, the NASA, and the 
Defense Department. Col. Lucian S. Rochte, 
an Air Force officer serving in the FAA, is 
hairman of this group. This highly qualified 
unit operates with the continuing assistance of 
a private-industry Airline Advisory Group. 

All of these groups-Steering, Advisory, 
Task, Airline Advisory-feed into our hard
working Supersonic Transport Program Man
agement Office. This office is an element of 
the over-all FAA development organizatiou 
headed by Deputy Administrator Robert J. 
hank. It falls directly within the area of re

sponsibility of Aircraft Development Director 
Melvin Gough. Colonel Rochte is Director of 
the SST Program Management Office, which 
calls upon Defense Department and NASA 
assistance when appropriate with the same 
ease and response as when calling on various 
elements of FAA. Contracts in our research 
program, for example, have been negotiated 
through the Air Force's Aeronautical Systems 
Division, a component of the Air Force Sys
tems Command at Wright-Patterson AFB, 
Ohio . 

With a mandate from the President and 
Congress, plus an $11 million appropriation 

f . F. l 1962 the Ae:ency last year began a 
01 l SCa ' u b. f 

broad examination of the whole su Ject .o 
supersonic transport in its technical, economic, 
social and international aspects. 

Ta;k number one was pulling together the 
substantial body of supersonic tran port stud
ies and research performed within govern
ment and industry and by university and other 
aeronautical scientists. 

Sianifican·t research activity has been per
form~d by NASA and the Air Force. These 
have provided prime input for the program. 

We received extensive and very valuable 
briefings from Boeing, General Dynamics, 
Dourrlas Lockheed North American, North-

o ' ' 
rop, the Allison Division of General Motors, 
General Electric, Pratt and Whitney, and 
France's Nord Aviation. In December, gov
ernment officials and industry leaders attended 
a symposium headed by FAA in Washington 
on airworthiness standards for a supersonic 
transport. Along with this individual counsel, 
we are planning periodic general meetings 
with industry to review the progress we are 
making, subj ect the program to critical analy
sis, and seek any new knowledge that has be
come available. 

Out of all this to date have come ( 1) a de
linea tion of technical problem areas requiring 
research before a go or no-go decision can be 
reached on the project and (2) a valuable 
compilation of views and data on proposed 
development, programming, aircraft design, 
and requirements. We are, of course, very 
distinctly in the research phase at present. 

Further research is needed in critical areas 
under the general headings of aerodynamics, 
materials, structures, propulsion, and control 
systems. Our first batch of research con
tracts, announced this month after careful 

evaluation and negotiatiOn, reflects this gen· 
era! research decision. Much of our money is 
o·oinrr to research in the key propulsion area. 
E> b d . . . 

We are, of course, not es1gnmg an an-
plane at this juncture. The only metal_-cutting 
we are now financing is concerned with teel 
and titanium test-samples. But there are some 
desirrn characteristics about which we feel cer-o 
tain at this point. 

For one thing, we are determined to find an 
enrrine that will be no higher in noise level 
th;n current jet aircraft. A lower noise level 
is our goal. Noise is an increasingly potent 
problem in airline operations, and we have 
dealt with it in a number of successful ways. 
But this time we are going to the source, and 
a reasonably quiet engine is one of our re· 
search goals. For one thing, we feel we must 
require a non-afterburning engine for take-off 
to meet our low noise standards. 

A related problem is the sonic boom. On a 
typical flight, the airplane would fly super
sonically about two-thirds of the time. It 
probably would have to climb above 4.0,000 
feet before it could accelerate through Mach 1 
in order to reduce sonic boom effects on peo
ple and buildings along the fli ght path. Such 
operational factors as acceleration, decelera
tion and flight maneuvers combine with speed 
and altitude in determining over-all boom ef
fects. And engine and airframe configuration 
also would be important. 

We are in the midst of an active and inten
sive joint FAA-NASA-Air Force research pro· 
gram to find out more about the boom and 
how it would affect the supersonic tran port. 

Another point on which we are certain i 
that the supersonic transport would . have to 
he able to operate from existing airports. We 
would not want the new airplane to be fore. 

FLIGHT TIMES-NEW YORK TO LOS ANGELES 
1950: 285 mph-11112 hours 
1960: 550 mph-5 hours 
1970: 2,000 mph-1 hour, 40 minutes 

FLIGHT TIMES-NEW YORK TO LONDON 
1950: 285 mph-141!2 hours 
1960: 550 mph-6112 hours 
1970: 2,000 mph-21/2 hours 



ing frantic airport ·construction or modifica
t ion projects around the world. This require
ment in regard to airports grows from the 
over-all view that the SST must fit into cur
rent concepts and techniques all along the line. 

There has been a strong body of opinion 
in this country in favor of shooting for the 
Mach 3 speed regime. This is certainly an at
tractive objective. But the best government
industry thinking at present is that what we 
want is a flexible plane, one that can provide 
efficient operation at different ranges from 
subsonic on up to Mach 2 and 3. The plane 
must be capable of operating economically 
both in domestic and international service. It 
may be that the best approach would be to de
sign an airplane for speeds in the Mach 2 
speed regime with a growth capability, one 
that could be modified, perhaps re-engined, 
as time went along, in step with improvements 
in propulsion and component technology. The 
government and industry consensus favors, in 
line with this pattern of thought, an airplane 
made of steel or titanium alloys. This basic 

structural material seems to be the best bet to 
meet high temperatures and provide long life 
while at the same time leaving the way open 
to later speed growth. 

What of the wing design? We hear a great 
deal about delta wing, variable sweep wing, 
canard arrangement. And the engine type? 
Will it be turbojet, turbofan, turbofan ramjet, 
or some unique or novel engine? The only 
answer for such queries at this point is that 
we don' t know. These will be some of the 
decisions to come out of research and develop
ment activity if the current research leads to 
a decision to proceed with supersonic trans
port design and development. 

There is one additional point that must be 
made in connection lvith this program. The 
supersonic transport this nation would want 
to put in the air would not be an adaptation 
of a military airplane. 

There are a host of factors involved. Among 
them are these : A bomber, with its special
ized national defense characteristics, is not 
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built with construction and operation econo
mies as primary considerations, although these 
are, of course, part of the over-all picture. 
Economy is very distinctly a basic concern in 
commercial aviation. Supersonic bomber en
g ines have high fuel consumption ; the SST 
engine would have to be far lower. The bomb
er engine noise levels are too high for super
sonic transport use. Miiltary aircraft are de
signed specifically to get off the ground quick
ly and accelerate rapidly to high attack speeds. 
Our design needs would emphasize safety, 
comfort, efficiency, and economy . 

There is not a military aircraft in exis tence 
today that did not reach its design stage sev
eral years ago. The supersonic transport has 
not reached this stage. When it does, it should 
be built on experience with these military air
craft. It should in many ways mark a good 
step past them ir. the supersonic era. 

That era lies ahead for the flying public and 
airlines of the world-and the aerospace in
dustries which serve them. 
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Global TV Possible 
With Satellites 

(Continued from page 1) 

freezing. 
B_etter coffee appears on the 

honzon as a result of a new cloth 
fi lter which can be substituted for 
ordinary filters. Toasters and re. 
frigerators of the future promise 
to be virtually indestructible and 
pots and pans will soon he ~ade 
from materials originally devised 
for nose cones. They can be taken 
out of a freezer and immediately 
be put over the hottest flame with
out damage. Also in prospect is a 
glass that stays permanently 
sterile. 

The clothes we wear will be im
proved by plastic fabrics and spe
cially ventilated garments devel
oped for spacemen, and home
owners are getting a housepaint 
that never needs renewing· There 
also is a new fluxless aluminum 
soldering, now being marketed , 
that will be a boon to do-it-your
selfers. 

In the future , we should see 
miniaturized electronic controls 
for automobiles, capable of main
taining highway speed, slowing 
a car to avoid obstacles, or even 
topping it in dangerous situa-

tions. The power plants of tomor
row's cars may be no bigger than 
a coffee can, and road signs may 
be changed automatically as the 
weather changes. 

The day will come when Dick 
Tracy's famous two-way wrist ra
dio will become a reality, as will 
battery-powered flashlights which 
can be recharged merely by plug- . 
ging them into an electric current. 

Shortages of water which threat
en some areas may be alleviated by 
a technique which will allow the 
re-use of water. 

As a result of the developing 
global communication system, you 
may within your lifetime enjoy in
stant mail without mailmen. A 
single satellite with modern facsi
mile equipment could transmit let
ters to any place on earth in min
utes. 

You may be able to watch the 
1964 Olympics in Japan on your 
own TV set or, if you prefer, an 
opera in Paris. You may read a 
fo reign newspaper simply by press
ing a button, and a business con-

. ference with associates half way 
around the globe could be held by 
turning a knob. The cost will be 
greatly reduced. 

The picture-phone is already a 
reality, and when the process is 
adapted to satellites you may be 
able to look in on treasures any
where in the world without leaving 
)'our own home. 

Communications satellites are 
coming to the rescue of crowded 

communications capaci ties in both 
the telephone and television media. 
The United States is expected to 
launch at least six new communi
cations satellites during the cur
rent year . 

Air travel of the future will be 
accelerated still further . It may be 
possible soon to travel-or project 
ourselves-from Los Angeles to 
New York in half an hour, or from 
Los Angeles to Paris in one hour. 
New supersonic transports which 
will fly 1500 miles an hour at alti
tudes of 50,000 feet or more are 
being adapted from our X-15 re
search planes and other advanced 
craft. 

An aerospace company recently 
announced a new push-button au
topilot for light business aircraft, 
based on principles derived from 
research into control of space ve
hicles. The system will make it 
possible for an inexperienced pilot 
to fl y as smoothly and safely as a 
professional. Navigation equip
ment and techniques also are being 
applied to solve air traffic control 
problems. 

Navigation likewise will he rev
olutionized by the Transit satellite 
program, which will operate in all 
kinds of weather. Ships of all na
tions will be able to find directions 
by tuning in on a satellite 400 
miles overhead. 

Not too far ahead is a world
wide system of long-range weather 
forecasting which far surpasses 
present techniques in accuracy and 
length of time. The Weather 
Bureau says that improved obser
vations as a result of Tiros satellites 
already have saved many lives and 
an estimated billion dollars a year 
in property losses. 

As for industry, it already is 
benefiting from the use of new 
metals, alloys, fabrics and com
pounds created hy space activity. 

AEROSPACE QUALITY 

Variable Speed Technique Increases 
Efficiency Of Machining New Metals 

Studies conducted by aerospace 
engineers during the past three 
years have resulted in a new con
cept in the art of metal removal 
which the firm feels may reverse a 
number of established trends in 
the machine tool industry. 

The technique, called Low Ener
gy Machining Technology has been 
tested successfully on a wide 
variety of metals, including some 
of the hardest new alloys. 

The method essentially is aimed 
at removing the maximum number 
of square inches of metal per hour. 
Results on both test and produc
tion parts indicate substantial in
creases in efficiency. 

The essential ingredients in the 
technique are variable feeds and 
speeds that provide cutter velocity 
and thrust compatible with the 
material yield. This is contrary to 
present trends in the machine tool 
industry where constant feeds and 
speeds produce fixed cutter velocity 
and thrust regardless of material 
yield. 

The current system also pro
duces broken drills and cutter 

Piece of String 
Starts Jet Engine 

Air Force pilots will save vital 
minutes in starting an alternate 
ignition system in a jet bomber by 
using a piece of string. 

One end of the string is attached 
to a switch that controls the en
gine's primary and alternate igni
tion system; the other end is at
tached near an access door on the 
lower part of the engine cowling. 
A yank of the string is all that is 
needed to start the engine on pow
er from the alternate system. 

heads, work-hardened material and 
rejected parts. 

A company spokesman says the 
trend in cutting tools has been to 
bigger, more rigid and more ex
pensive machines to overpower the 
metal. The technique employs 
many sound practices which good 
machinists do by instinct but which 
have been ignored in machine de
sign. 

The firm says it buys a lot fewer 
drills with its new system. 

Air Force Lists New 
Aerospace Book.s 

Here are a few of the latest 
books published in cooperation 
with the U. S. Air Force Book 
Program. 

LONG-RANGE BALLISTIC 
MISSILES, Eric Burgess (Mac
millan, NY, $7.00, March 1962). 
A complete survey of the ballastic 
missile field: history, basic theory, 
applications as space boosters, de
fense uses, submarine launched 
missiles and test facilities. 

OUTER SPACE: PROSPECTS 
OF MAN AND SOCIETY, Edited 
by Lincoln P. Bloomfield (Pren
tice-Hall, Englewood Cliffs, N. ]., 
Cloth $3.95, paperback $1.95, 
Feb. , 1962). Analysis of the so
cial, political, economic and psy
chological implications of the 
space age and the new space tech
nology. 

SPACE RESEARCH BY ROCK
ET AND SATELLITE, R. L. F. 
Boyd (Harpers, NY, $2.25, April 
1962) . Development and make
up of rockets and artificial satel
lites. 



Computer Simulator 
Speeds Solutions 

A new computer-research device 
is helping in the development of 
advanced computers and computer
programming techniques for the 
aerospace industry. 

The machine, which is itself a 
computer containing both analog 
and digital units, has contributed 
to improvement of the important 
problem-solving tools used by the 
firm's engineering and scientific 
people. 

The machine solves the avail
ability, time and cost problems pre
viously associated with computer 
improvement The equipment was 
developed over a three-year period 
at a cost of $80,000. 

It functions primarily as a tool 
to simulate operations and oper
ating conditions of major, com
plex computing equipment Its 
array of specialized components 
makes it more flexible and gives it 
wider capability than any other 
single device for measuring the 
voltages and currents which are a 
computer's lifeblood. 

Engineers and scientists working 
on increasingly complex problems 
require computing equipment with 
ever-greater capabilities. The new 
machine bas been effective in meet
ing this need, the firm said. 

Wet Wind Tunnel Yields 
Valuable Data 

A wet wind tunnel is being used 
in aerospace research to refine the 
single-stage compressors used in 
its gas turbine engines. 

Shock waves are carved in water 
on the table instead of in a ir as in 
a wind tunnel. Water flows over 
the table 1,000 times slower than 
the air it is simulating, thereby 
makin g it easy for researchers to 
experiment and observe. 

The research tool is called " free
surface water table analog of com
pres ible source vor tex flow." 

The new water table already has 
yielded information of consider
able value. Further experiments 
are in progress. 

The table consists of a circle of 
heavy glass about eight feet in 
diameter. I t slopes slightly down
ward from the center. Water is 
spewed from the pipe in the center 
a t a rate up to 150 gallons per min
ute. Depth and speed of the water 
can be varied. 

Near the cen ter of the table, the 
water flow simulates the super
sonic flow of air. Farther out, it 
decelerates to the equivalent of 
transonic air speed nnd at the end 
to low subsonic. 

DECADE OF GAIN 

PASSENGERS: 

EMPLOYEES: 

PAYROLL: 

TRANSPORT SPEEDS: 

~ ¥ / 300m 

58.4 
million 

1961 

1961 

$1.2 
billion 

Clean Room Dust Total 
Equals Size of Period 

'Housewives should live so long 
as to have their rooms as clean as 
lhe "clean room" of an aerospace 
company. 

Tf aU the dust in the "d ean 
room" werP- swept in to a pile, it 
would be about 400 times smaller 
Lhan the period at th end of this 
sentence. 

'Lazy Susan' Principle Is Used 
For Component Assembly 

The principle of the lazy susan 
has been borrowed from the dining 
room to speed up operations and 
boost reliability in assembly of 
electronic components at one aero
space company. 

A turning table which permits 
work on five units at a time has 
been designed to replace the stand
ard type of fixtures which can hold 
only one unit at a time. 

Now the girls doing the assem
bling can whirl the wheels to put 
the same components, relays, trans· 
formers , transistors, jumper wires, 
plugs, etc., on all five units simul
taneously instead of laboriously 
going through as many as 150 

Audio-Visual Method 
Instructs W~orkers 

Employees of an aerospace firm 
soon may be following a television 
script rather than a blueprint in 
assembling certain aircraft parts. 

The audio-visual technique, ap
plied through a machine not much 
larger than a portable typewriter, 
has been used to reduce assembly 
time of some parts by more than a 
third. 

The machine is a self-contained 
apparatus with a magnetic tape, 
slides and a small television screen. 
The audio unit gives step-by-step 
details of how to assemble the part 
while color slides show the steps 
on the screen. 

Officials say the machine shows 
great potential in the assembling 
of complex parts. It encourages 
uniformity and eliminates human 
error in interpreting blueprints, 
process standards, technical orders 
and other instructions. 

The audio is relayed to the oper
a tor through earphones so that he 
is able to concentrate fully on his 
immediate chore without being dis
rupted by machines of other oper
ators around him. 

Plastic Bag Protects 
Sensitive Missile Parts 

Incr eased protecti on d u ring 
shipping and h andling of missile 
components is now insured with 
a new packaging method perfected 
by an aeros}lace company. 

Through use of a trea ted plastic 
bag, sensitive miss.ile par ts are now 
protected against corrosion and 
surfa e damage. Since the bags 
a re t ransp arent, they provide a 
visual inspection lo determine the 
condition of the packaged part. 

lt cuts down on labor and ma
terials, since it eliminates detailed 
a nd costl y h and wrapping of ach 
component and a t the same time 
im proves p r otecti on. 

opera tions on one assembly, then 
starting all over again on another. 

Under the new system, five units 
can be assembled in the time it 
used to take to complete two. The 
firm reports that quality and ~ni
formity of assembly also have Im
proved " beyond all expectations." 

Huge Camera Utiliz-es 
40-inch Negative 

For anyone who wants to see 
the " big" picture, one aerospa~e 
company has a camera to take It. 

The firm has a camera so huge 
that it occupies two room~. I~ is 
used to reproduce engmeermg 
master drawings of aircraft and 
aerospace systems. One of th_e 
drawinrrs may take several engi-

b f . neers six months o contmuous 
work to complete, y_et. the . big 
camera can reproduce It m vanous 
sizes in a matter of minutes. 

The camera which is set up 
only to photog'raph line drawings 
on a flat plane, can reprod':ce, en
larae or reduce the chawmgs so 

b ' accurately that they meet contract 
specifications which leave no mar
gin for error. 

The giant camera has a 30-i~ch 
lens with a 40-inch back, which 
allows it to make . negatives up to 
40 inches square. 

Workincr in two shifts, photo lab 
b k as personnel may rna e _as many 

200 engineering drawmgs a day. 

Suits Of Tomorrow 
May Dial Temperatures 

While it may be too soon to give 
away your overcoat, it may not .be 
lona before that cumbersome ·ww
ter item will be excess baggage. 

An aerospace company suggests 
that tomorrow's best-dressed man 
will be able to dial the tempera· 
ture in his suit to satisfy his own 
comfort. The same will go for 
the ladies. 

A portable power supply, with 
a thermostat which might be stuck 
like a boutonniere in the lapel, 
could switch the clothing to warrn 
for winter and cool for summer. 

This development could well be 
the outgrowth of a new thermo
electric "weave" developed by the 
firm as a thermal generator for 
use in space sa tellites. Plastered 
to the side of a sa tellite, the 
" weave" wo uld form a generntor 
no thicker than a piece of card
board but, using the hea t of the 
sun, powerful enough to supplY 
electric power enabling the satel
lite to radio signals to earth from 
as far away as Mars or Jupiter. 
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Tech Manual Printing Rule Slows Defense Projects 

400 mph 

17,000 mph 

Instructions Lag 
Behind Weapons 
The military technique of con

currency-the simultaneous readi
ness of equipment, trained men 
and bases-has cut months and 
even years from operational sched
ules for weapon systems. 

Aerospace Exports Qain 23 o/o Over 1961; 
AIA Supports Trade Expansion Act 

This efficiency is being serious
ly eroded by regulations govern
ing the publication of technical 
manuals for the operation and 
maintenance of today's complex 
systems. The manuals cover sub
jects ranging from the repair of 
an aircraft engine to the method 
of loading nuclear weapons. UTJ
to-date manuals and handbooks 
are completely essential, being the 
instTUctional literature for safe 
accomplishment of repair, over
haul, modification and / or opera
tion. 

Operating units prefer to re
ceive technical manuals before de
livery of the weapon system in or
der to familiarize personnel with 
the system before actual opera
tion. The early delivery of manu
als also permits preparation of 
work cards, inspection procedures. 
and changes in general instruc· 
tions to make the operation more· 
effi cient. 

Aerospace exports, which have 
been a major factor in helping 
America's balance of payments 
problem in recent years, increased 
23 per cent during the firs~ quar
ter of 1962 as compared With the 
same period last year. 

Exports for the first three 
months of the year totalled $376,-
997,000, a figure 37.5 per cent 
higher than the same period in 
1960, a record peacetime year in 
which $1.3 billion worth of aero
space products was exported. 

The big increase was in com
mercial and civil aircraft 30,000 
pounds and ove r, predominately 
turbine-powered transports. In 
that ca tegory American aerospace 
firm s exported 117 per cent m?re 
units than during the same pen od 
last year, and 92 per cenl rnore in 
terms of value. 

Exports of all commercial and 
civil aircr aft were down 6.8 per 
cent in units but: up 61 per cent 
in value. Exports of ah cra f ~ , C0~11 -
ponents, parts and ac?esson es, m
cludin cr militar y an·cra [t and 0 . . 

part , were up 17.3 per _ ?ent _in 
value, but expor ts of utJh ty a l!·
craft were down ] 1 per cent in 
terms of units a nd 8.5 per cent in 
value. Exporls of he_licopt_ers in
creased 250 per ~ent 111 untl's and 
160 per cent in valw-l. 

In the past two years, the aero
space industry has exported an
nually products valued in excess 
of one billion dollars to markets 
t hrou o· hout the world. This 

0 
achievement contributed substan-
tiall y to the correction of the na
tion's imbalance of international 
payments, which for ye~rs has 
seen more dollars leavmg the 
country than corning back. 

In the interests of still more in
ternational trade, the Aerospace 
Industri es Association has sup
ported the Administrati on's Trade 

Shape Of Flight 
Sets New Styles 

Space scienti sts, abso rLed _pr i
mar il y with the shape of thm_gs 
to come. have inadvertently m
flu enced , the shape of female 
st rles. 

noted fashion des_igner h u,~ 
intr ocluced the " missile sJlhouelt.r, 
a style clearly sim~bti ~1g the style 

f a rocket. Fabn 1nclucle sat
ins, metallic brocades a n~ other 
mater ials ' h.ich give milad y a 
Ill is. ilish look. 

Onl y the hard)' in sp irit dare 
· 1 th · ·nay end contemplate w 1 re l S. 1 . 

- p r haps in a Polans Plunge 
neckline. or u Hollywood. style 
termed the Titun II Tor 0 · 

Expansion Act of 1962, which 
would give it greater flexibility in 
tariff negotiations. · 

In a let~er of Sen. Harry F. 
Byrd, Chanman of the Senate 
Finance Committee, George Han
naum, . Vice President and Chief 
Executi ve Officer of AlA sa 'd 
"'l' h . ' l ' . e econom:c growth of the 
Umted State~ ~ s clepe ~1dent in part 
upon the abi~Jty of tts industries 
to compete 111 rapidly evolvino· 
world markets." 0 

However , he added that t ·· ff 
I . 1 . h au 
.egis allon s ould " ver )' deli ' t l 

k . · 1111 e y 
ta e mto a count the COI' l t ' . 

d. 'pe ttwe 
export tsadvanta rres of P .. d 

. d o t o ucts 
pt o uced under the free el t· . . . , 1.erpu e 
system, as oppo ed to f . . · · . Ol et rrn 
competitors whose opet·at · o 

b · 1· 1 
10ns are su SlC 1zec by their 0 .0 . 

ve1.n ments. 
In another ]Ptter to 

B r ·d J\11". II enator 
}1 ' 'l l. - ~nnaum pointed out 

that one sectH n o f the Ad . . 
Ll·a t· o ' t · . · l111111S· 

I 11 ax l'CV.I l Oll bu·l .j.[ · 1 , W I dam-age m e u try s ab ility t 
more products ·1 . o . export 
· ' t 1 reby lmprov-
mg the halance o f · · . 
further. p ayll1ent tJll 

. He "~lid the srction of the tax 
b_Jl l_ W~11 ch wou l~ ta x foreign -ub-
, ldm n e Oil lltttt· " . 
..1 t es a enou 
1 'e erren t to tl' . f . , ~ expansiOn o · 
Amencan t 1• ] · f . ace ll1 · orewn couno 

(See AEROSPACE Paae 7 ) ' ~ 

The present problem s tem~ fr~m 
a printing re~ulati on and 1ts 1n· 
terpretations which sharply cur· 
tail the nublication and distribu· 
tion of the manuals by the prime 
contractors responsible for pro· 
ducin o· the system. Under the new 
trend 

0 
a co;1tractor deliver t·he 

neoative used in printing to the 
fi d . . 

military customer ·for a m~m~tra· 
ti on of the printing and dl stnbu· 
ti on. Thus the timely delivery of 
·the manuals is eriousl . ham
pered. The m o num e n ta ~ ta_ k 
placed up n the using serv1c ll1 

han lling th proce -ing an~ pub
li shin o· of the huo· quantJty of 

<::> 1:' d f 
manual produ ed by the e eJ: e 
indu trie involves delays and 111· 

terruption . 
It ha not been unu ual for gov

ernment printing and di lribution 
o{ Ia ro· or small handbooks to 

0 

take ix months or a ·ea r or more. 
Obvi ous!~- th are out of date 

(See HANDLING, Page 7) 



Plan~ Vi~ws 

Transport airframe and engine manufacturers de
sign "growth" into their products. Today's model of 
a turbojet transport that first flew four years ago 
shows these performance gains over the first aircraft: 

· · =-··~:'!> 
• Range increased 68 per cent. 

• Payload up 15 per cent. 

Ae rospace Quote 
"In today's world we cannot 

afford to lose sight of the inti
mate relationship between tech
nical advancement and na tional 
security. Our op p onen t s in 
world affairs seem clearly con
vinced that science and tech
nology will be decisive factors 
in the contest between their 
system and ours. 

" If the Soviets should attain 
a rea lly sig nifi ca nt break
through in space technology, 
they may be able to deny other 
nations access to space-even 
for purposes of scientific re
search. Soviet attainment of 
this capability would pose a 
grave threat to our national se
curity. 

"In the face of the possibil
ity that the Soviets might try 
to pre-empt the use of space, 
our military capabilities in this 
realm are of utmost impor
tance. We must have the nec
essary strength to insure that 
space is free to be used for 
peaceful purposes." - Gen. B. 
A. Schriever, Commander, Air 
Force Systems Command. 

• Speed boosted nearly 
40 mph. 

Quick-Heat Method 
Speeds Jet Parts 

A qui ck-heat method of form
ing jet transport parts is being 
tried at an aerospace firm. 

The heat is being applied by 
quar tz lamps which can hea t a 
sheet of such tough material as 
titanium, positioned on a hammer 
?ed, to 1,200 degrees F ahrenheit 
m 7-30 seconds derJendin cr upon 
- ' b Its thickness. 

With the conven tional method, 
?oth die an d part must be hea ted 
m an oven for an hour to bring 
them ~o the same temperature. By 
the t1me they are assembled , 
placed in the impact of the drop 
hammer and formed, the temper
ature. has dropped below the best 
forming temperature needed. 

The quartz lamp method per
mits heating of the sheets for 
forming right in the drop ham
mer. A b~nk of 24. lamps capable 
of generatmg 62,500 watts of heat 
over a l0x25~inch area is extend
e~ ave~ the material located on the 
die. 1 he power is automatically 
controlled. As the heat bank is 
retracted, safety guards are re
leased allowing the hammer to 
come down and form the part. 
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The dramatic technological charac ter of the aerospace industry has 
thrust man out of his life-sustaining shell of atmosphere around the 
earth , and in this decade will put him on the moon. This ·will be the 
definitive step of man's explorati on of the universe. 

The man-on-the-moon project is only a part of the aerospace indus
try's huge technological efforts. The sum of its thousands of research 
projects and products forms an incredibly varied mosaic of technology. 

The aerospace industry has responded vigor ously to unprecedented 
challenges. In World War II , aerospace firms that had produced a 
total of 5,856 aircraft in 1939, fi ve years later produced 95,272 planes. 
In recent years they have accepted responsibilities to design, devel_op 
and produce products that only a few years ago were the exclusiVe 
province of science ficti on writers. Today the companies making up the 
U. S. aerospace industry represent the largest and m ost effective assem
bly of scientific and engineering talent in the free world. They are 
specialists in the impossible. 

The aerospace indu_stry, basically, sells technical capability. It signs 
contracts for the deh very of an end p roduct whose dimensions and 
properti es are kno_wn only in general terms. Frequently projects are 
undertake~ for w~lCh the materials have not been perfected, which, in 
turn , reqmre toohng not yet developed. 

The mission goal and performance requirements, h owever , are clearly 
stated. 

F or example, the aerospace industry's ooal- whi ch comes closer to 
achievement ea c~ day- is 100 ~er cent refiability of product. There is 
simply no margm for malfunctiOn or equipment failure in a manned 
moon m ission , where return to earth depends completely on the relia· 
b ility of a spacecraft . 

The reliability pro~len;s for_ all ?f its wide variety of complex products 
a re being a ttacked With JmagmatJOn. A fun ctioning system has a back-up 
system to take over in the event ~£ failure. Both are exhaustively tested. 
Today, in many ae~·ospace opera t_JO ns, there are more personnel engaged 
in testing and q u aht~ con tro l dutJes than in actual assembly tasks. 

This capabili ty dJ~ no t evolve. overnight. The wellspr ing for this 
etence is the pnvate en terpn se system that has oenerated indus-

camp M h b b 
trial creativity. anagement as rought together the talent and the 
facilities to solve the great problem~ ?f modern weapon systems and 

exploration. The ~rms compn smg the aerospace industry h ave 
spa~:ssively pursued proJects, financed with their own funds, to build 
:g~chnologica l ba~e of unequalled versatility in industrial_ hi s to ~·~ · 

The aerospace mdustry has ~bun?ant~y demonstrated 1ts ab1hty to 
Odate sudden and drastic sh1fts m prod uct requi rement. Man-

accomm fl 'b' ]' d b' l ' 
t is keyed to ex1 1 Jty, to a apta 1 1ty, to not only take on 

agemen · 1 l l d · defense or space a~s1gnments, mt a so to move a 1ea on 1ts own to 
anticipate these assignb~l~nts. 1 . I d ' 

Technological capa 1 1ty, w n c 1 oes~ t appe~r on a single balance 
sheet, today represents the aerospace mdustry s- and the nation's-
greatest asset. 



MANAGING TECHNOLOGY 

George F. Hannaum is Vice 
President and Assistant Gen
eral Manager of the Aerospace 
Industries Association. A na
tive of Indiana, Mr. Hannaum 
has a broad background in the 
field of procurement and ad
ministration. Before JOtnmg 

AlA he served as a contract administrator with 
the 'Bell Aircraft Corp. of Buffalo, New York. His 
other previous affiliations included service in the 
Foreign Banking Department of the National City 
Bank of New York, and as a buyer for the Beth
lehem Steel Corp. of Bethlehem, Pa. In 1945, 
Mr. Hannaum assisted in the reorganixation of 
AlA from the Aircraft War Production Council. 

h b e AlA's Director of Industry Plan-
He t en ecam 

. . The AlA Board of Governors named 
nang Servtce. . of 19.59 
him a Vice President tn May · 

By George F. Haunaum 
Pice President 

Aerospace lmlustries Association 

T HE development and prod uction of _a mod. 
ern weapons sys tem demands a WJde va

riety of skills. In this technological age, the 
highest possible degree of competence is re
quired of all those who play a part in wea
pons development-production workers, tech
nicians, engineers, scientists. A great deal has 
been said publicly about the high order of 
skills needed in these categories, but the public 
is little aware of the role of another extreme
ly important talent, the art of management, 
or direction of a weapons system program 
from its inception to i_ts introduction to op
erational service. 

"In systems acquisition today, management 
is the pacing factor," said General B. A. 
Schriever, Commander of the Air Force Sys· 

tems Command, in a recent speech. " Increased 
scien tifi c and engineering comeptence willuot 
speed up the rate of our technical progress, 
unless we learn to manage our resources more 
wisely and efficiently." 

An essential aspect of management, Gen
eral Schriever continued, is the process of 
making decisions on a timely basis, a prob
lem which has become very complicated in 
today's environment. For one thing, the num
ber of different ways of performing a specific 
mission has increased many fold in the last 
10 or 15 years. Where once there were half 
a dozen approaches, today there may be more 
than a hundred, and some of the proposed 
systems for a given mission may be only in 
the conceptual stage. 



"Modern techn iques can help us cope with 
some of these diffic ulties," said General 
Schriever , " and we are making increased use 
of computers and electronic data processing 
as management tools. But this does not auto
matically solve our problems. In the fi rs t 
place, managemen t techniques do not pro
duce certainty ; they only giv~ varying de
grees of probability. And the outcome of 
any techn ique, no matter how advanced, can 
never be more accurate than the input. 

"A second source of diffi cul ty is that de
cision-making cannot be delegated to a set of 
machines. The hard choices have to be made 
by men. The choices are not made any 
easier by the fact that our decisions may 
have a direct bearing on national survival. 
Where such far -reaching consequences are 
involved, we must decide solely on the basis 
of the best in terests of the na tion " 

These remarks point up both the import
ance of effecti ve management and the heavy 
responsibiliti es which devolve on th ose who 
are concerned with managing the na tion's 
weapons producti on programs. There are 
three major levels of management concerned 
with defense- production. There is the top 
management of the Department of Defense 
which makes the key decisions regarding t b ~ 
conduct of the defense program. Then there 
are the Navy Bureaus, Army Technical Serv
ices and Air Force Com mands charged with 
weapons systems acquisition . Finally, there 
is industry, the private contractors who as
sume responsibility for the successful com
pletion of a specific weapons system and who 
coordinate the efforts of all the supplie rs 
invo lved irJ the program. 

EARNINGS RATIOS 
(After Taxes) 

AND DEVELOPMENT 
(Department of Defense Obligations) 

FY 1953 FY 1963 

Sharp increase in research and development contracts has caused great changes 
in the Aerospace industry. More than one-third of industry's business is R & D. 



T he contractu 1 h t . a approac whereby a priv-
a· ~· ~~om~an y Is assigned man agement respon
SWI I Jty or a defense program is called Lhe 

eapon System c Tl . oncept. 1e purpose of 
th1s manao-ement . l . . 

II f h o appi oac 1 IS to msure that 
a o t e complex comp onents of the com-
plete weapon systtl · . . . em meet a performance 
and rehabJhty requirements at . . 

l 
a glVen t1me 

at owest possible cost throu o-11 . d' 
. 0 p1 oper u ec-

twn of the program fr om start to fini sh. 
There are two maj or approaches to the 

~eapon System Concept: the Single Prime 
\X eap~n System Contractor approach and the 
Associate Contractor approach. 

In the ~rime W eapon System procure
ment techmque, the military service issues a 
contract to a single maj or manufacturer to 
develop the maj or p orti ons of a weap on 
system . In additi on, the contractor is as
signed the r esponsibi li ty for monitoring the 
performan ce of all the subsystems and com
ponents of th e weapon system and for inte
grating them into the complete system. The 
prime contractor negotiates and administers 
the subcontracts, relieving the mi litary serv
ice of the huge burden of coordinatin o· with 

0 

literally thousands-and some times tens of 
thousands-of subcontractors and sup pliers. 
Thus, under this approach, the prime co n-
racting compan y accepts responsibility n ot 
nly for its own work, but also for that of its 

11 any assisting companies, and for the r e
iability and time! y producti on of the end 
roduct. 
The Associate Contractor approach is 

similar. Under this contra ctual meth od, the 
military service selects one contractor with 
special capabiliti es to serve as manager ot 
-v tems engineering and technical d~rec ti on. 

The service then contracts directly with other 
companies for maj or systems. These co n
tractors are called associate contractors. Th e 
serv ice itself retains overall responsibility fo r 
the development of the weapon system. The 
management task under thi s approach fall s to 
a mi litar y-industrial-scientific team. 

The Weapon System Concept came into 
being as a result of the growin g co mplexity 
of maj or weaponry in the years following 
World War II. Taking aircraft as an example 
of weapons systems, it will be recalled tha l 
during and prior to World War II , compon
ents and equipment were semi -standardized, 
nd the designe r simply added or " accomm o
ated" them to the basic airfra me. After the 
ar, experts took stock of German weapon 
evelopment and were amazed at the progr ess 
lade bv the Germans in integrating systems 
nd co~nponents into the complete weapon 
\' tem . T o quote a ranking Air Force offi cer , 
peaKing of German integration meth ods, 
''Equipments were part of the structure, n ot 
appendao-es added as if b y second thought. 

0 " 'they saved weight and space and money. 
The Air F or ce introduced the Weapon 

Sy tern Concept as a result of problems con
nected with the post-war development of the 
huge B-36 bomber. Although relatively sim
ple by today 's standards, the B-36 was a 
far more complicated weapon system than its 
Predecessor aircraft. It also required new 
unways and hangars and entirely new types 
£ support equipment. There was also the 

question of the time required to develop the 
many B-36 equipments; some of the sub-
ystems required considerably greater devel

opmental time spans than did the basic air
plane. This brought up the problem of " con
currency," the timing of subsystem develop
ment and production for orderly integration 
into the complete weapon system, a task re
quiring a new degree of managerial effort. 

In succeeding years, with technology ad
vancing rapidly on a broad front, the de
mands for weapon system performance in
creased sharply and weapon systems became 
increasingly more complex. Emphasis was 
placed on maximum performance of sub
systems, integrati on of these systems into the 
total' weapon system, and on reducing the 
developmenta l time span for the weapon sys
tem. This placed a premium on managerial 
talent for effi cient direction of these complex 
programs, and, to utilize the existing talent 
in industry, the Department of Defense 
brought forth the Weapon System Concept. 

In recent Congressional testimony, Maj or 
General W. A. Davis, Commander of the Air 
Force's Aerona utical Systems Division, had 
this to say on the subj ect of the Weapon 
System Concept: 

" We believe (our ) obj ective to be as 
follows : 

" 'To procure weapons systems and related 
equipment which meet all technical require
ments and operational schedules at a reason-

able price to the United States Government. ' 
"With this as our stated goal, what are our 

alternatives ? 
"First, we cou ld enter into the Weapon 

System business ourselves-developing and 
manufacturing these systems solely with in
house ski ll This has been referred to in the 
past as the arsenal concept. We thus wo uld 
have direct control over 01perations and 
could theoretically insure that costs are kept 
at a minimum. It is our feeling that this 
method , on the massive scale required in 
today's aerospace procurement, would be 
largely incompatib le with the principles and 
practices of our free enterprise system. 

"Secondly, we can develop a contractual 
arrangement which will insure that the de
fense industry will be motivated to strive 
toward our obj ective of minimum cost in its 
operations. This means that we must work 
with in the · fram ework of the free enterpri se 
system, attempting to identify the incentives 
which will truly give desired goals to our 
contractors. In our opinion, one of the most 
important incentives that stands as the com
mon denominator for all free enterprise is the 
opportunity to realize a profit. " 

One of the management responsibilities of 
the mi litary services is to insure that weapons 
systems are produced at the lowest rea,sonable 
cost to the Government, bearing in mind that 
the contractor must also realize reasonable 
-arning , since Lhe health of industry, the 

Complex systems for space exploration place great demands on manaf!ement 
to insure success. Aerospace industry management has met the challenge. 
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defense arsenal, is also of concern to the 
military. The Air F orce, for instance, em 
ploys what is called the " team concep t" for 
contract negotiations. A group of sp ecialists 
-engineers, auditors, price analysts, attor
neys, contracts specialists , etc.-stationed at 
or near the contractor's plant maintain day-to
day surveillance of the contractor 's cost ex
perience, accounting methods and operations 
as a whole. Inform ation supplied by thi s 
tea m is used in evaluating the contractor's 
proposaL In negotiating the p rofit on a 
contract, Air Force officials weigh a grea t 
many factors, among which are the r isk to 
the contractor , the nature and complexity of 
the work to be performed, the extent and 
complexity of subcontr acting, the contractor 's 
investment, the Government's inves tment, 
current and potential vo lume of the program, 
possible commercial application, the con
tractor 's cost reduction experience, the con
tractor's h istory of performance and the con 
tractor's total volume of Government b usiness. 

"In the final analysis," said General Davis 
in his Congressional testimony, " the target 
cost and profit we nego tia te is the p roduct of 
a bilateral agreement between two parties
the Air Force and the contractor. And , un der 
such a system, it is impossib le for on e of the 
participants to un ila terally impose terms and 
conditions which are totally unacceptable to 
the other." 

The question has r isen, with respect to the 
Weapon System Concept, as to whether a 
prime contractor should be allowed a profit 

on work perform ed b y a subcontractor. On 
that subj ect, General Dav is had thi s to sa y : 

" It is our opinion, after consid erable re
search and experi ence, tha t the p rime con
tractor is enti tled to a profit on subcontracted 
effort. 

"We would n ot expec t necessa ril y to pay a 
contractor the sam e profit on hi s subco n
tracted effort as on his in-house po rti on. 
Whether we procure directly or approve sub
contracting b y the p r im e co ntractor, the de
cision is based on our analys is that the prime 
contractor can perform thi s fun cti on more 
efficiently than we can ourselves. Thi s eiTi 
c iency, of course, is evaluated . . . .in the 
light of total integrated systems req ui re
ments. Thus, since the p rime cont ractor is 
perform ing a function which we cann ot our 
selves dupli ca te, it m ust he reasonabl y co n
cluded that h e is entitled to a r e wa rd or 
profit fo r his services 

" The suggestion h as been vo iced on occa
sion that the prime contractor makes no 
sign ificant contr ibution to justify hi s fee on 
subcontracted work. I do not believe su.ch a 
conclusion can he properly dra wn. No t onl y 
does the co ntractor accept the respo nsib ility 
for the nego tia tion a nd ad minist ration of 
subcontracts, which entails cons iderable effo rt 
and inves tment of working capital, but he 
also accep ts the resp onsibility th a t the items 
p roduced will fun cti on properly when inte
gra ted into the overall system. F ailure on the 
part of a s ubcontractor res ults in penalti es 
to the prime. There have been cases in which 

EARNINGS REINVESTED 
(1961) 

44% 

All Manufacturing 

subcontrac tors have enco untered serious 
techni ca l diffi culti es, in some ins tances to the 
ex tent that their contracts have been te rmin
ated and othe r uurces established. In those 
cases where fa ilure has resulted in consider
able loss to the prim e, neither hi s contract 
nor hi s p ro fit has been adjus ted to offset the 
loss. Such a n eventual ity sta nds as strong 
moti va tion for the prime co ntractor to ex
ercise close urve illa nce and o-ffer required 
assista nce in dea ling with hi s s uppli ers." 

It must be po inted o ut that m anagement r e
sponsibilities fo r weap on system develop
ment a re n ot ass ig ned to industry o~ all 
maj or prog ra ms. In a g rea t man y cases the 
direct p rocurement m ethod is employed , with 
the cont racting milita r y ser vice . r eta ining 
di rect ma nagement 11·here it has the capability 
to do so. A lso, in cases where a pr ime con
tractor or sy tems manager is assig ned man
agement res ponsibility, the contracting ser v
ice does not r elinqui sh i ts authority to direct 
the p rogra m a nd p a rticipa te in the decision
m aking process. But r egardless of whether 
the responsibi lity li es with Government or 
industry, man agem ent h as become one of the 
most impo rta nt factors in m odern weap ons 
system development. 

Da n A. Kim b all, Chairman of the Board 
of Govern ors of the Aer osp ace Industries 
Associa tion, has described U. S . aer ospace 
firm s as "speciali sts in the im possible." The 
pivo t th at turns the " impossible" to " possi
ble" is ma nagement. 

57% 

erospace 

~erospace industry reinvests the highest proportion of its earn ings of any rna· 
Jor manufacturing industry. New facilities are required for advanced projects. 
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·Handling By Prime 
Speeds Process 
(Continued from Page 1) 

before receipt b y the users for 
90-day revisions are require~] on 
most technical orders. Some nu
mercial indices of parts must even 
be r evised on a 30-day basis. 

The grea t techn olo o·ica l oains . h 0 0 
111 t e past ten years have placed 
a ~ery heavy respo nsibility on the 
pnn;e cont_ractor in manu al prep
ara t_IOn. 1he complexity of the 
equipment and the large numbers 
of components and systems within 
a weapon call for experi ence in 
the preparation of cl ear and con
cise instructi ons. The eventual 
printing and di stribution is the 
smallest part of the task. Yet, un
less handled properly, it requires 
the largest amount of time. 

The prime contractor is in th e 
best position to exercise close con
trol over the entire operation. The 
firm is geared to be r esponsive to 
all kinds of changed situati ons, 
design changes, maintenance pol
icy changes and changes caused 
by manufacturing and procure
ment decisions. Th e company is 
able to work very closely with the 
printer, planning his work so that 
quick service can be obtained. If 
important changes must IJe made 
after the negatives have been de
livered to the printer, his close 
liaison will permit, and frequently 
does involve, insertin g last minute 
changes. Through distribution by 
the printer, using government
supplied labels, the user rece1ves 
the manuals direct and with no 
third party delays. Assignment 
of the r esponsibility fo.r adminis
tering the entire task t o the prime 
eliminates split responsibility for 
the task and it permits direct liai
son with the printer. 

It is beli eved that the small cost 
of administration b y the contrac
tor is no gr eater than the adminis
trative cost by the government and 
the additional handling and trans
portation charges. The ability to 
make emergency changes and cor
rections is an added di vidend. 
More importantly, vital time is 
saved. 

The prime contractors do not 
do the publishing in-house. Print
ing contracts are let on a com
petitive basis to independent firms , 
many of which are small busi
nesses. 

The technical manual is a vital 
part of the total reliability of the 
Weapon system. It should be de
livered with or prior to the equip
ment just as an instructi on book
let is included with every house
hold appliance and equipment 
bought in the normal commercial 
channels. The manual is the com
munication link between the de-

Elephant's Foot, Beer Barrel and Bird Cage 
Combine To Make Turbojet Engine 

If, during a tour of an aero
space company plant, someone 
tells yo u to "watch out for that 
elephant's foot ," don 't worr y 
about being trampled to death. 
You are merely being addressed 
in a new medium of communica
ti on which labels complicated 
aerospace parts by readily-recog
nizable names. 

An "elephant's foo t" is really a 
case weldment-turbine nozzle, out
ter, but wh o in the world is going 
to call it that. So they call it an 
elephant's foot because it looks 
like ·an elephant's foot. 

By the same token, if yo u ask 
for a jet engine main bearing oil 
tube support, yo u' ll draw a puz-

signer-manufacturer and the ulti
mate user. Without the manuals 
opera ti on, repair and ove-rhauling 
of complex items like supersonic 
aircraft and intercontinental bal
l is ti c missiles would be hazardous. 
Reliability designed and manufac
tured into a weapons system at 
great cost can be completely ne
gated by faulty operation or re
pair because of the lack of up-to
date manuals. 

The management of manual 
publication by the prime contrac
tor will realize the twin goals of 
the weapon system concept: 

• Cost reduction. 
• Time reduction. 

zled stare. But mention a bazooka 
and you'll get-and quickly-a 
main bearing oil tube support. 

The shape of the part usuall y 
prompts its label. Thus a heavy 
press section produces birdcages, 
beer barrels, space hats and Uban
gis. Elsewhere you find chimney 
pipes, di shpans, banana hinges, 
trombones, kidney beans, suitcase 
handles, toenails, shower heads, 
and even a Taj Mahal-a delica te
ly formed exhaust plug used on 
turbojet engines. 

I t sounds like a game, but it is 
just another technique adapted by 
aerospace companies to increase 
the efficiency of producing the 
hardware for the national defense 
effort. 

Aerospace Exports 
(Conti.nued from Page I) 

tries and thereby the economic 
stability of the United States." 

In connection with the develop. 
ment of the European Common 
Market and increasing competi
tion which the United States faces 
generally from abroad, he wrote : 
"It is paramount to our economic 
well-being that any international 
taxing provisions contained in 
proposed legislation be established 
with reason and equity, and not 
discriminate against American 
industry." 

Novel Idea Solves 
Chip Problem 

Aerospace firms prove almost 
daily that necessity truly is the 
mother of invention. One of the 
latest examples is a new method 
of housecleaning developed to 
speed up the milling of large alum
inum skins of an all-weather fight. 
er and the Saturn rocket. 

The company has been pro
ducing these skins on an auto
mated skin mill which had to be 
stopped frequently for house
cleaning purposes as metal chips 
piled up ankle deep on the floor 
surrounding the machine. A jan
itor then had to sweep up and 
cart off the metal, a process which 
took several hours. 

The problem has been solved 
by adoption of the principle of 
everyday vacuum cleaners, cir
cular brushes and suction. Two
foot circular nylon brushes are 
mounted around each cutter to 
contain the chips. Suction is then 
produced by a paddle-wheel type 
blower. · 

The chips are sucked up as soon 
as they leave the cutter and are 
deposited in a gondola cart and 
hauled away periodically. Water 
soluble coolant used to spray the 
cutters also is sucked up by the 
vacuum. It is then drained off 
and used again. 

Company officials said the vacu
um-cleaner principle is adaptable 
to most cutting machines in the 
plant, and several can be hooked 
up to a centralized hopper for 
speedier collection. 

They estimate the technique 
sayes the company thousands of 
dollars a year in clean-up time 

Fusion Welder Handles 
Delicate Task 

A unique inert gas travelincr 
chamber, linked to a fully automa~ 
tic fusion welder, is enabling an 
aerospace company to accomplish 
accurate sine wave welding of air
craft ribs at high speeds. 

The machine handles what 
would be an impossible job of 
welding thin titanium corrugated 
sheets at right angles to lid stiff
eners on both ends. 

a Because of the difficulty in fol
lowing the long continuous series 
of ridges and grooves in extreme
ly thin members, manual control 
of the weld torch would be im
possible. 

The two stabilizers on the bom
ber contain more than half a mile 
of the special corrugated titaninm 
ribs. 



United States Space B·ooster Rockets 
HGT. 

THRUST LESS PAYLOAD (LBS.l 
l ,OOO'S MAX. SPACE- 345 

OF DIA. CRAFT MILE EARTH 
ROCKET STAGES POUNDS (FEET) (FE En ORBIT ESCAPE 

Scout Four stages 98, 48, 3.3 
13.6, 2.8 

Delta Thor 150 8.8 
Able 7.5 
Altair 2.8 

Thor-Ablestar Thor 150 8.8 
Ablestar 7.8 

Thor-Agena B Thor 150 8.8 
Agena B 16 

A tlas-Agena B A tlas D 367 10 
A tlas D Sus ta iner 80 
Agena B 16 

Titan II LR-87 430 10 
LR-91 100 

Centaur A tlas D 367 lO 
A tlas D Sustainer 80 

<=· Centaur (2 A-3 engines) 30 
Saturn S-I (8 H-1 engines) 1,500 22 

<=-s-IV ( 6 A-3 engines) 
· S-IB (5 F-1 eng ines) Advanced Satm·n 7,500 33 

S-II (5 J-2 eng ines) 1,000 
"·S-IVB (One J-2 ) 200 

No va -I (8 F -1 eng in es) 12,000 50 
" --II ( 4 M -1 engines) 4,800 
"N-III !One J-2 ) 200 

*USES HIGH-ENERGY LIQUID HYDROGEN-LIQUID OXYGEN. 
PROPELLANTS: ALL LIQUID EXCEPT SCOUT AND DELTA ALTAIR STAGE-SOLIDS. 

Molecular Circuits Form 
New Electronic took 
Tran istors, coils and wi~es dis

appear in the new look in elec
tronics . 

An aerospace fi rm instead is 
fa shion ing tin y molecular circuit 
to accomplish ampl ification , fre
quency conversion and electronic 
switching . The circuits are ti!ly 
crystals, no larger than an infant's 
fingerna il, which combine an of 
the functions of ind ividual com
ponents . 

These molecular ci rcuits a re 
designed to meet the demands for 
greater accu racy and improved. 
reliability in sys tems and com. 
ponents, and a t a lo wer cost. 
Maintenance and support efforts 
also are lower. Possibili ty of 
trouble is reduced since many 
circuit inte rconnections are elim
inated. 

Processing of al l transistors, 
r esis tors a nd. interconnecti ons a t 
one time in one cry ta l under the 
same environment aho impr oves 
reliabili ty. 

The com pany's a im is to reduce 
s ize, weight, power consumption 
and produ ·Lion costs of compo
nents and systems. while greatly 
improving relial;i lity and main
La inabi lity. 

Kit System Speeds 
Electronic Assemblies 

A new system for "kitting" parts 
to be used in the assembly of 
elec tronic circuit b oards has been 
put into opera ti on by a n aerospace 
compa ny. 

K its conta ining all shop-made 
pa rts a nd outside purchased parts 
required for 20 board assemblies 
are now bein g deliver ed directly to 
work sta ti o ns. The ki ts a re pack
aged in compa rtmented plas tic 
trays, placed in metal ca rryin g 
racks. 

Officials say th e system has sim 
plified the prod uction worker 's 
task. 

1 

Aerospace High l ights ~ 
Publis hed By NA EC 

A fund of fascinati ng facts 
abo ut the aerospace wo rld are 
presented. in a new hooklet ca lled 
J! erospace Highlights recently pub
lish d b the N ational Aviation 
E ducati on Council. 

The prof u ely ill ustrated , 54-
page hooklet contains a broad 
r~oge of in fo rma tion on aerona u
hcs and. astronautics. missiles and 
ro~k.ets. It may he , obtained by 
wntmp;_ to t h t~ ' a tional Avia tion 
Educarwn Co uJicil 1025 C f t A , . onnec-
Jcu .veJ;u ~, . · W., W ashington 

G. D. C. 1 l'lC'e 1s 50 eents. 

65 150 

77 500 60 

83 800 

80 1,600 

98 5,000 750 

90 

105 8,500 2,300 

125 20,000 

275 200,000 85,000 

280 350,000 150,000 

Space Communications 
May Be Jam-Proof 

Three small electronic tubes 
could be the heart of a future 
spaceship-to-spaceship radar-com. 
m unication sys tem which would 
be immune to detecti on from 
earth , according to an aer ospace 
company . 

T wo bf the devices, called trav. 
elin g wave tube , wo uld operate 
in tandem to amplify the sig nal of 
a space tran s mitt~r to a_ frequency 
a nd power ten t1me h1gher than 
tha t p oss ible with existing tubes. 
Th e thi rd device, called a travel
i n()' wave m ixer, would combine 
th ~ functions of more th an 80 per
cent of th e sys tem's complete re
ceiver inside a single enve lope 
only eight in ches long . 

1~he tubes are be ing desig ned 
to ope rate at a fre4uency of 55 
trilli on ·ycle per second, com
Jared to commercia l television 
}requencies of 50 to 200 11 1ill ion 

c r les. 
The super -hi p;h frequency would 

<Yive the security to the sys tem . A 
~ignal beamed f rom th e ear th at 
this " m illi meter " wave length in 
an a ttempt to monitor, _ja~ o r in-
1. rfere with ·o mmumcatwn 1 e
tween space veh icles . wou ld he 
sLopped by the density of the 
~arth's a l mosphere. 

Powerful Beam 
Fuses Metals 

-

A portable electron beam welder 
that can fu se materials which 
co uld never be welded before has 
been developed by an aerospace 
company. 

The welder operates under the 
same principle as a telev is ion 
picture tube, but its electron beam 
is 2000 times more powerful than 
the beam in an o rdina ry TV i:ube. 

The welder literall y fuses metal 
parts together witho ut the u~e of 
a fill er material , thus producm g a 
narrow weld with little shrinkage 
or distortion- a necessary factor 
in triplesonic aircraft. 

Since, unlike a TV . tube, the 
welder focuses its beam to a tiny 
po int, developing power dens ities 
of 25 million watts pe r square 
inch. 

The company sa ys the re is noth . 
in a the new unit cannot weld, 
wi~h the exception of materials 
whi ch vaporize or liquify a t rela
tively low temperatu res. 

F or example, tungs ten, which 
has never before been welded , has 
been used to demonstrate the 
capability of electron beam weld. 
m g. 

The technique's advantages are 
not limited to use with new m etals, 
since it produces finer, stronger 
welds on all materials, its develop
ers say. 

The principle of electron beam 
weldin <Y has been kno wn for some 
time bbut because it m ust be done 
. ' "h d" m an extremely ar vacuum 
it had never been used on a large 
scale. Welds with th e present unit 
are limited to about two feet in 
length, but in the planning stage 
is a unit to accomplish welds from 
five to eight feet long . 

Shaker Design Advances 
Vibration Testing Art 

A r adi cally new shaker design, 
r epresenting the first rna j or change 
in the rela ti vely hort histor y of 
electrod ynami c shakers, has been 
deve loped by a n ae ro pace com
pan y. 

The shaker is capabl e of vibrat
ing a 100-po und packao·e to 100 

. 0 

tnn es the fo r ce of gr av ity and has 
advan ed. the sta te of the vib ra
tion te ti ng a rt to a llow testi ng 
levels never befo re possible. lL is 
lhe first sh aker ca pable of trans
mitting such hig h G forces to so 
large a package. [t a lso takes Jn e
di u m s:izecl packages to hi gh G 
levels. 

The new shaker is ra ted a t 22. 
000 pound o [ force. 
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Cryogenics Research Delves Into Conductivity 
Of Metals At Very Low Temperatures 

The word "cold" conjures up 
thoughts of snow and ice for most 
of us, but we don't really know 
what cold is, compared with the 
scientists and engineers who are 
dealing in a new aerospace field 
called cryogenics. 

The coldest day ever recorded 
was 100 degrees below zero in 
the antarctic. While this isn't ex
actly warm, it is pretty mild com· 

· pared to temperatures of 200 to 
459 degrees below zero which are 
the extremes of the realm of cr yo· 
genies. 

This region of temperatures is 
giving birth to an exciting new 
technology which is makina an 
• • 0 
Impact m new types of military 
and scientific devices and impor
tant advancep in physical theory. 

What 10 years ago was a pure· 
ly scientific interest in cryogenic 
temperatures has now become a 

practical and diversified tech· 
nology. 

The most significant factor in 
this technology is the fact that be
low a minus 200 degrees Fahren
heit, the electrical resistance of 
certain metals and alloys disap· 
pears completely. The resulting 
condition, called "superconductiv
ity," means that revolutionary de
vices for military, commercial and 
space use can and are being built. 

As an example of the military 
application, a cryogenic infrar?d 
detector system cannot only d~s· 
criminate between types of au· 
craft, it might even track a ship 
across the ocean by sensing the 
minute temperature change made 
by passage of the ship through the 
water. 

For computers, tiny electronic 
switching devices called cryotrons, 

(See CRYOTONS, Page 7) 

DoD Says Proposal Of 'Great Value' 
In Coordinating Purchases Of Parts 

The Aerospace Industries Association has submitted to the Depart
ment of . Defense a plan for procurement of replenishment spare 
parts~ ~esigned to. keep gover.n~ent expenditures at a minimum without 
Impamng the rehable and timely support of military equipment. 

Air Freight Boom 
Is Predicted 

The long-distance haulina of 
household goods-once· the e~clu
sive province of the movina van 
-is becoming a steadily.ar~win..,. 
business for the nation's ai~ frei O'h~ 
lines. 0 

From a trickle of traffic the 
practice of shipping hous~hold 
goods by air has grown to a biO' 
business in the world of air frei O'h~ 
as more and more American c

0
or

porations fin<J that air shipment 
offers new economies and con
venience which they cannot O'et 
from traditional methods. In l~ss 
than two year's time, one airline 
reports, its household goods ship
ments have doubled. 

One aerospace company which 
bega~ shipping household' O'oods 
by air las.t year, is in the proc~ss of 
transfernng some 700 families 
acr?~s the country and is shipping 
t~en household goods partway by 
~Ir. The move involves 31f2 miJ. 
hon ~ounds of household goods. 
Here JS why the company decided 
to use air freight : 

1. The use of air enables the 
company to get personnel trans
fen ·ed and at work on new assiO'n. 
n~ents with a minimum of disr~p
twn and delav. 

. 2· The co-st: of extended per 
di en~ allm ances for meals and 
lodgm g while famili es a\vait their 
household goods in shortened by 
as I~1Uch as a month , represen ting 
an Important savings to tJ1e com
pany. 

3. Air freight in most instances 
costs less than van line shipments. 

Air freight lines can match van 
lines in all-risk insurance thanks 
to special airfreight c~ntainers 
now available. Air freiO'ht also 

- 0 

(See HOUSEHOLD, Page 7) 

Thomas D. Morris, Assistant 
Secretary of Defense for lnsta!la. 
tions and Logistics, indicated in 
receiving the proposal that some 
of its features would be "of great 
value" in achieving industry-gov
ernment coordination in the pro
curement of spare parts. He said 
he expects DOD representatives 
will be ready to discuss the pro· 
posal in detail with the AlA in the 
near future. 

In making the proposal, the AlA 
said " it is the industry's genuine 
desire that the government's stated 
objective to reduce costs through 
the application of competitive pro. 
curement for replenishment of 
spare parts, be fully attained and 
documented in the most satisfac
tory fashion through the coopera· 
tive efforts of both the suppliers 
and the customers." 

The AlA proposal is the result 
of the work of a study group \vhich 
developed and service-tested a 
comprehensive method of selecting 
items which are suitable for com· 
petitive reprocurement. The sys
tem assumes at the outset that all 
items are suitable unless specific 
limiting factors are encountered in 
their analysis. 

Limitations, if they are found to 
exist, are explained and justified. 
Items are then coded by the in· 
dustry as to recommended repro
curement action , with review and 
final decision to be made by the 
government. 

The AlA said the proposal is a 
realistic and workable way of 
achieving the Department of De
fense goals, which are maximum 
dollar savings through increased 
competition, but no compromise 
of quality, reliability or systems 
improvements, and no misuse of 
proprietary data. 

Pie principal objectives sought 
by the AlA plan are to : 

(See SPARES, P~e 7 



Plane Views 

Latest model of an intercontinental 
jet bomber has: 

Aerospace Quote 
"Statistics show that the role 

of small business is a significant 
one. For instance, a study of 
one Air Force major prime 
contractor for a six-month peri
od last year shows that 59% of 
their purchase orders and 23% 
of their dollars were awarded to 
small concerns. The company's 
first- tier subcontraotors award
ed 82% of their purchase orders 
and 53% of their dollars to 
small concerns. 

"The part played by small 
business in systems acquisition 
is determined not only by the 
amount of service you give, but 
by the lcind of service you give. 
Over the years many of our 
ideas and products have come 
from small concerns. As a new 
product fully proves its worth 
and is accepted widely, the small 
business may become big busi
ness. This has h a p p en e d 
throughout the history of Ameri
can industrial growth, and it 
is continuing to happen today." 
- Maj. Gen. Clyde H. Mitchell, 
Vice Cmdr., AF Systems Com· 
17i0nd. 

• A wing area of 4,000 
square feet, four times the 
floor space of a six-room 
house. 

• An electrical system 
generating sufficient pow
er to supply the needs of 
141 average houses. 

• Fuel capacity equal to 
nearly five railroad cars. 

AEROSPACE 

Tape-Testers Check 
Bomber Systems 

Automatic tape-testers have en
abled an aerospace firm to save 
valuable time in checking out sys
tems on a supersonic bomber. 

The company is now using tape 
testers to check out fire control, 
military navigation, bombing/ nav
igation, and flight-control systems. 

With the mobile tape testers, 
systems can be checked in a mat
ter of h ours when the operation 
would often r equire days under 
manual methods. An engineer 
said the fire control systems can 
he checked out in about 85 per 
cent less time than required for 
manual methods. 

One tape is used to detect "no 
p,o" conditions in the electronics 
'packages" of which a system is 
comprised. If such a condition is 
f~und? another tape is applied to 
pmpomt defects within the pack· 
age. 

Development of the automatic 
testing method is the outgrowth 
of research to provide a system 
capable of coping with increased 
comple1tity, 
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An I~npo•·tant Step 
Congress has completed action, and the President has signed into law 

an extension of the Renegotiation Act of 1961 with an amendment to 
the act which will measurably add to the equity of this legislation. 

This Congressional action makes the Renegotiation Act responsive to 
the requirement of due process of law. 

Defense contractors previously had to accept, without right of 
appeal, the rulings of the Tax Court even if points of law were wrong. 
Substantial sums of money are involved in the Tax Court cases. 

The majority report of the Senate Committee on Finance sums up the 
background and necessity for broadening the scope of appellate review 
of Tax Court decisions in renegotiation cases: 

"The provisions of present law relatina to appellate review of Tax 
Court decisions in renegotiation cases ha~e been sharply criticized by 
many within the past several years. Althouo-h the courts have interpreted 

• . b 
provisions of the Internal Revenue Code, which relate generally to ap-
pellate review of Tax Court decisions, as allowing some measure of 
appellate review of its decisions in reneo-otiation cases, the scope of re· 
view thus allowed by the courts has beeno quite limited, and considerably 
narrower than that accorded with respect to Tax Court decisions in 
tax ~a.ses . The problems and uncertainties presented by the present 
pro;I~Ion~ of law concerning scope of appellate review of Tax Court 
d_ecisions m renegotiation cases have been the subject of careful congres
siOnal. study for several years, and, on the basis of that study, your 
committee has concluded that the measure of appellate review now 
availa?le is un?uly restricted. With certain important exceptions, your 
committee beheves that Tax Court decisions in renegotiation cases 
should be subj ect to appellate review in the same manner and to 
the same extent as its deci·s1· 0 . t " ns m ax cases. 

Th: ~ommittee report further noted that the amendment contained 
certam _Im~ortant restrictions. First. in no case is there a question of the 
determmation of excessive profits ~ade by the Tax Court; findings of 
fact by. t~e Tax Court are bindina rovided they are not arbitrary 
or capncwus. to P 

The powers of the appellate court are limited to affirming the decision 
of the Tax Co ur~ or to reversing the decision on purely questions of 
law and remandmg the case for such further action as justice may 
require. 

This is an. importan t step in the history of renegotiation l~gislati?n. 
The Amen can Bar Association had earlier adopted a resolutiOn calhng 

{or_ the amendment. The re olution sta ted: " It is apparent . .. that just 
as m tax cases the Tax Cour t · t" 1 make serious errors of . h l I may unwit mg Y 
Ia'; whiC s lOUd be subject to judicial review. No important reason 
exist~ why _there should not be a right of appeal, and the Renegotiation 
~ct. ~s um~ue among Federal legislation in denying the right of 
JUdicial review of agency action." 

Sen. Talmadge, who did an outstanding job in presenting the leaisla-
tion to the Senate for debate, sta ted : 

0 

"If there ever was a proposition on the Senate fl oor which deserved 
the support of every Senator who believes in a constitutional free 
republic, this amendment does. It only aives the citizens of this c~untry 
the right of appeal on legal question~-someth in g that most of us 
thought was already guaranteed." 

Congress deserves the thanks of the public. 



VALUE 
SEEKERS 

This article is a con
densation of a report 
on the Air Force pro
gram designed to: 

• upgrade the qual
ity of procurement 

• reduce d e f e n s e 
costs 

• improve contractor performance 
We have clear indications that the Air 
Force program to reduce costs is pro
ducing substantial results. These re
ductions are evident at all levels, in 
overhead, in production lines, and at 
the operating activities. The Air Force 
means to continue this program with 
increased vigor. We must do so if we 
are to acquire the necessary aerospace 
systems of the future without placing 
an unreasonable cost burden on Ameri
can taxpayers.-Eugene M. Zuckert, 
Secretary of the Air Force. 

M any elements must be effectively com. 
bined in order to give this nation the 

best possible national defense and space ex
ploration program. Since the hardware and 
technology which go to make up these pro
grams today are tremendously complex and 
expensive, one of the most essential elements 
is the judicious and frugal use of our national 
resources. 

In order to get the fullest possible utilization 
from the resources at our disposal, the Air 
Force and its partner in national defense, the 
aerospace industry, assiduously pursue a con
tinuing program to get the utmost in value 
received from every dollar spent on various 
Air Force programs. The policy is based 
upon the overriding requirement to develop 
the products necessary for attainment of 
our national objectives at the lowest possible 
cost, in the least possible time. 

This ever-present emphasis upon cost-reduc
tion is paying tangible dividends to the na-
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tional defense budget and to the taxpayers 
who inevitably must pay the bill. It is re
corded in significant reductions in all levels 
of operations involving the Air Force-industry 
team, in overhead, in production lines and in 
operating activities. 

The acquisition of Air Force hardware is 
today proceeding more rapidly and effectively 
than at any previous time, but USAF and the 
industry which supplies it mean to continue 
their cost-reduction program with increased 
vigor so that they can construct the aerospace 
systems the nation will need without placing 
an unreasonable cost burden on American 
taxpayers. 

A recent report on aerospace research and 
production points up representative samples 
of the hundreds of documented cases in which 
significant cost reductions have been made. 
This report sets forth identifiable cost reduc
tions of more than $346 million by Air Force 
contractors. 



Aggressive promotion of employee suggestion programs by the aero
space industry produced identifiable cost reductions of nearly $11 mil
lion . As an incentive, employees receive a percentage of the savings. 

Many cost reductions are not susceptible to 
precise measurement, and therefore cannot 
be included in the above figure. Many must 
necessarily be expressed in terms of percent
ages, man-hour reductions or unit costs. Simi
larly missing from the report are many cost 
reduction programs which contractors and 
subcontractors are constantly required to fol
low in order to stay competitive. 

These cost reductions did not just happen. 
They were made to happen by planned pro
grams, developed and relentlessly pursued by 
top management in the aerospace industry 
and the Air Force. Not content to stop at 
reductions such as those recorded here, this 
joint economy effort will continue apace. 

One of the areas in which most sizeable 
savings have been made is in th~ area of 
contractor purchasing. Savings of $89,715,655 
have been identified in this area alone. 

The largest single cost area faced by con
tractors is in purchasing. Cost improvement 
is realized as competition increases, so th at 
as new sou rces of supply are developed and 
comp~titive bidding is used more extensively, 
the national defense program, and the tax
payer, reap the benefits. 

Here are some examples of reductions which 
have been made in the contractor purchasing 
area: 

Reductions of $1,900,000 by one division 
of one contractor, through procurement and 
cost analysis of its major subcontractor pro
posals. One of the major areas of reductions 
came as a result of elimination of one level in 
subcontracting procurement functions. The 
same contractor reported that another division 
produced savings of $2,940,000 on one pro
gram in 1961. . 

Another contractor reported savipgs of 

$257,000 after a cost-plus-fixed-fee contract 
for an extensive and complex program was 
changed to an incentive, fixed-price subcon
tract. 

One contractor says it cut costs by conven
ing top management from 100 of its sub
contractors and vendors at a seminar en
titled " Evaluation-An Exercise in American 
Ingenuity." 

Stimulation of competition among its sup
pliers allowed one contractor to reduce the 
cost of its raw materials $300,000. The same 
contractor reports that alternate sources have 
been established on approximately 35 per 
cent of previously single-sourced fabricated 
items, br inging about a savings of $200,000. 
Additional items under study are expected to 
yield even greater savings. 

One company has assigned qualified engi
neers to major subcontractors as Program 
Engineers to provide essenti~l tec~ical co
ordination on subcontractors mvolvmg broad 
work statements. Permanent representatives 
have been installed a t subcontractors' facili 
ties for quicker exchange of informatio~ , ~s
pecially in problem areas, a?d to a_ssist m 
subcontract negotiations. Th1s practice also 
provides a continuous review of the sub
contractor's systems p rocedures and progress. 

A "Market S urvey" program has been 
adopted by one company to minimize the use 
of sole sources. Activities are timed to pro
vide solicitation for competitive hardware 
items during preliminary design ~onsidera
tions, thus providing a wider selectiOn to the 
design engineer and demonstrating the poten
tial savings in its application. This contractor 
considers his procedure a significant break
through in the problem of sole source pro
curement. 

Effective use of manpower is one of the 
most important elements of cost reduction, 
and Air Force contractors reported identifi
able savings of $59,709,000 in this area. 

One contractor reduced indirect manpower 
eight per cent and expected a savings of 
$2,160,000 by the end of 1961. 

In another case, division-wide reduction of 
four per cent in indirect labor resulted in a 
savings of $15 million in overhead labor costs, 
with additional reductions of $1,100,000 an
ticipated by the end of the year. 

One major contractor is making detailed 
studies of the work of 10,400 employees to 
establish acceptable and reasonable work 
standards, while simplifying methods and 
measuring worker effectiveness. He estimates 
savings will total $11,970,000 by the end of 
the year. 

Another contractor decreased the ratio of 
expense employees to productive employees 
from a high of 56.8 per cent in December 
1958 to 32.3 per cent in the first nine months 
of 1961. Simultaneously, overtime was con
trolled to an average of less than four per cent 
of productive labor. Savings from this pro
gram through September 1961 totalled 
$4.,180,000 above the amount which wages 
and salaries climbed. 

Reduction of overhead costs have saved 
contractors, and subsequently the Air Force, 
$34,082,944. The principal means by which 
these costs have been reduced are: 

1. Use of tourist instead of first 
class air travel. 

2. Improved material handling pro-
cedures. 

3. Use of compact cars. 
4. Reduced recruiting costs. 
5. Miniaturization of engineering 

drawings. 
6. Analyses of telephone, utility and 

transportation services leading to 
reduced rates. 

7. Reduction of overtime. 
8. Control of expendable equip

ment. 
9. More effective control of plant 

rearrangement. 
10. Improved records and reports 

management. 

One company's overhead costs were reduced 
from a rate of $4.30 per hour in January 1961 
to $4 .. 15 per hour in September. During the 
same period, the ratio of indirect to direct 
workers was reduced from 36.4 per cent to 
34 .. 6 per cent with resultant savings of $4 
million. ' 

Still another contractor reported red uctions 
of $1,094,963 during the first eight months 
o_f 1961 , representing a seven per cent reduc
tiOn over the corresponding period in 1960. 
General admi11istrative costs were reduced 
$1 ,~48,732 during the same period and the 
rat1 o of indirect to direct workers was re
duced . 

Negotia tions with a public utility to in 
crease the length of available "off peak hours" 
resulted in substantial savings on one contrac
tor's testing development program. The cost 
of the electricity during the off-peak time is 
discounted at 60 per cent, wh ich amounts to 
an annual savings of $113,000. 



Use of air coach in lieu of first class saved 
one contractor more than $116,000 during 
1961 and another one over $100,000. 
~nother contractor reported success in re

d~cmg overhead dollars expended for the first 
nme m~nths of the year by $934,000, even 
though Its sales were up $3,500,000. 

Air Force contractors are placin o- more and 
h 0 0 

more e:np asis upon the highly significant cost 
reduction technique of value engineering. 
Value engineering is a scientific approach to 
the attainment of required function at mini
mum cost. It is accomplished through an 
objective appraisal of systems and products 
from the standpoint of specifications desi(Tn 

' 0 ' and manufacture, directed toward achieve-
ment of required performance, reliability and 
maintenance at the lowest overall cost. 

Effective value engineering results in the 
use of lower cost materials and better methods 
without impairing required utility of the 
product. It is also used in initial development 
work so that plans and designs will be baseo 
upon the lowest possible cost consistent with 
required performance. 

Identifiable cost reductions as a result of 
value engineering techniques totalled $32,362,-
767. 

One contractor estimated that value engi
neering contributes $12.50 to its cost reduc
tion program for every dollar invested in it. 
The same contractor says vendor participation 
in Value Seminars has resulted in savings 
of more than $1,000 on each one of a par
ticular type of aircraft. 

Here are some other examples of savings 
achieved by Value Engineering: 

Modification of reliability demonstration re
quirements for the Minuteman program, with 
no decrease in reliability, will save $195,000. 

Design changes recommended by a value 
analysis at one plant will result in cost re
ductions of $350,000. Thirty key employees 
who attended a value analysis seminar were 
instrumental in recommending design changes 
offering savings of approximately $500,000. 

Redesign of the Missile Guidance Align
ment Checkout Group of Titan II resulted in 
the reduction of a significant number of 
pa~ts and an estimated $300,000 in savings. 

A $4 saving per casting netted a $54,000 
cost reduction. Use of a new expendable 
container to replace a heavy metal cylinder 
for shipping J47 jet engine afterburners re
sulted in a savings of $31 ,800 per year. 

For another contractor, development of new 
sources permitted a savings of $35,000 while 
redesign of circuitry effected a savings of 
3130,366. 

A breach lock mechanism eliminated thread 
gauging and reduced costs by m?re t~an 
$80,000, and an engineering change mvolvmg 
printed wmng boards with plated-through 
holes saved $76,000. 

Increasing emphasis on suggestion award 
pro(Trams resulted in identifiable cost reduc-

0 0 0 

tions of $10,912,816. As an mcentlve, em-
ployees receive a percentage of demonstrated 
savings. 

One contractor reports that its plant-wide 
suggestion program, with. 6000 em,ployees 
participating has resulted m annual _savmgs 
of $310,900. Another reports that Its Em-

ployee Suggestion System and related super
visory Cost Improvement Program in three 
divisions alone indicate annual savings of 
$6,500,000. 

Another says that its suggestion program 
netted 332 suggestions averaging a savings 
of $247.41 each. Still another reports that, 
of the 23,000 suggestions it has received dur
ing the past 12 months, 20 per cent have been 
adopted and resulted in net savings of $3,580,-
000. 

By innovations and refined techniques in 
engineering, production, testing and clerical 
methods, the contractors report identifiable 
savings of $21,877, 592. 

One notable refinement is laboratory test
ing under simulate.d field conditions instead 
of costly field testing. Mass audio-visual com
munications for production workers is much 
more economical than individual or small
group instruction. Replacement of costly hand 
methods by automatic processes is another 
means of significant savings. 

In one mstance, advanced packaging tech
niques of a subcontract assembly were report
ed as expected to yield first year savings of 
more than $35,000, and $50,000 a year there
after. A change in drilling methods saved one 
contractor $142,350; an improvement in wir
ino- connections saved another $934,000; an 
au~omatic wire wrap machine was credited 
with a cost reduction of $87,720. 

Use of master test plans has brought about 
economies through maximum use of equip
ment and materials. Contractors reported 
savings of $4,622,000 in this category. 

This system enhances quality control reli
ability and qualification testing, screening of 
obsolete equipment and materials for possible 
further use, development of new applications 
for existing data processing systems, wide 
publication of equipment availability, and 
combining spare requirements with produc
tion orders. 

On an ICBM site activation project, one 
contractor saved $85,000 by reducing spare 

Standardization is responsible for substantial cost reductions. 
Aerospace Industries Association works closely with the military 
services and the Department of Defense in standardizing parts. 

0 
0 

0 
0 



requirements and leap-frogging the available 
spares from site to site. It is anticipated that 
a cost reduction of $878,000 will be realized 
from a careful analysis of test equipment re
quirements on the Minuteman program. An
other contractor saved $3 million during the 
first nine months of 1961 through re-use of 
test specimens and surplus equipment, through 
master plans and publication of equipment 
availability. 

Reorganization and consolidation have al
lowed contr actors to improve communications, 
centralize their services, reduce travel costs, 
eliminate low-volume, high-cost activities, and 
use personnel and facilities more economical
ly. Savings reported in that category totalled 
$3,935,000. 

Combining administrative positions and 
eliminating excess positions saved one contrac
tor $303,000. Merging of two administra
tive and engineering offices gave another con
tractor an increased labor base, brought about 
more efficient use of fl oor space and gave the 
Government potential savings of three to eight 
million dollars over a period of three years. 

Most contractors and subcontractors, as a 
matter of standard procedure, solicit and ex
ploit good ideas for reducing costs by improv
ing procedures, methods and designs. Their 
cost reduction programs bring in ideas which 
are evaluated, developed and used. These 
companies impress upon all individual em
ployees the awareness of savings possible 
through individual action . Individual savings 
may be small but combine to significant fig
ures. While the individual and the company 

benefit, the big payoff is in national security. 
Savings of this type, through general cost 

improvement programs, totalled $78,546,650, 
according to the contractors' reports. These 
savings are the result of such cost improve
ment programs as one contractor's "Double E 
Program for Security," and another's "Project 
Second Wind" to further acquaint its suppliers 
with proved techniques for cost control. 

Through consistent emphasis upon such 
programs, major contractors report savings 
of as much as $6 million during 1961. 

There are many other areas in which con
tractors are making vital savings. One is in 
the matter of plant modernization, in which 
three companies reported savings of $4,107,-
000. 

Personnel training is another area in which 
cost reductions are being made. Contractors 
reported $350,000 saved through institution 
of formal courses, on-the-job training pro
grams, house publications and company-spon
sored seminars. · In many instances cost im
provement projects are assigned as · part of 
the training program, and actual savings result 
from the training. 

One firm has instituted a management im
provement program designed to lower manu
fac turing prices, maintain delivery schedules 
and increase quality of its products. Every 
member of the manufacturing line organiza
tion must accept company training, and dur
in o- the course each supervisor must initiate 
a t least one cost reduction project. 

Improved contractor estimating procedures 
also are responsible for significant savings. 

One contractor alone says that under a new 
system, using significantly fewer people, it can 
identify savings of $1,800,000 a year. 

Some contractors use independent top roan- · 
agement g~roups to review their cost estimates. 
Others develop pricing reports which afford 
sound price analyses and provide documenta· 
tion. The use of automated data control 
systems also has resulted in more realistic 
proposals. 

Standardization is responsible for reported 
savings of $5 million. Intensive efforts have 
been made to reduce costs through standard· 
ization of component parts, expendable tools, 
drafting standards, test equipment, packing 
designs. Savings accrue from reduction of 
materials purchased, inventories, spare parts, 
designs and processes. 

It must be kept in mind that there are many, 
many savings which cannot be translated into 
terms of dollars. Many areas of management 
analysis and many types of control techniques 
net the contractor valuable and significant 
savings, but savings which are not readily 
measurable. 

Those savin o-s which are cited here, how-
o d . 

ever, are indicative of the intense an contmu-
ing effort which aerospace contractors and t_he 
Air Force are m aking throughout the entire 
contractual cycle to give the American peo_rle 
a better aerospace product at a lower pnce. 
These relentless effo r ts to extract the utmost 
from every national defense and space explor
ation dollar may in the final analysis be the 
difference between success and failure of the 
national program. 

Advanced packaging techniques for an important assembly yielded savings of $35,000 in 
the first year, and estimated savings of $50,000 for ~ubsequent years. The aerospace 
industry constantly seeks new, less costly methods m every phase of its operations. 



Spares Objectives 
Are Outlined 

(Continued f rom Page 1) 

l. Employ contractor 
kno wledge and experi
en ce accrued in the de
veloJ?ment, testing, pro
d uctiOn and quality con
tr ol of weapon systems 
and their components. 

2. Reserve to the gov
ernment the decision
making authority and re
sponsibility. 

3. Identify positively 
the procurement data re
quir~ments for parts de
termined to he suitable 
f or competitive repro
curentent. 

4 . . A void expensive 
and time-consumina ac-. . . ~ 

quisillon, maintenance 
and analysis of data with 
respect to parts which 
are not suitable for com
petitive reprocurement. 

Several groups of factors are 
analyzed before a final decision is 
made, under the proposed svstem 
r~garding the suitability o-f an; 
giVen part for competitive procure
ment. These are design stability 
fa~tor~ i manufacturing, quality, 
reliability and testing factors ; data 
factors, and tooling and facilities 
factors. 

Employing a team of personnel 
~rom the_ engineering, manufactur
mg, toolmg, procurement, quality 
c?~tro_l and reliability, supply pr o
VIswnmg and contract administra
tion areas, the contractor then 
considers the essential technical 
determinants of suitability for 
competition prior to assembly of 
the complete data package and iso
lates logical candidates for com
petition by applying the rule of 
exception . 

Limiting Factors 

When limiting factors indicate 
that a part is unsuitable for com
~etitive procurement, an explana
tion of the contractor's opinion is 
required. Analysis and documen
tation is then added to formulate 
a responsible recommendation 
based on limiting factors disclosed. 

The absence of such limiting 
factors suggests that the item is 
technically suitable for competitive 
procurement. 

The contractor then recommends 
whether the part should be pro
cured ( 1) from the contractor; 
(2) either from the contractor or 
from contractor-approved sources, 
( 3) competitively, or ( 4) from a 
single qualified source if estimated 
annual procurement value is $500 
or less. 

Documented contractor recom
mendations are submitted to the 
procuring agency for final deci
sion. · The . agency then would 

meet with the contractor to review 
the recommendations and make a 
final decision as to the appropriate 
procurement action. 

The proposed system can be util
ized in connection with all spare 
parts for a weapon system, system 
components, and equipment. The 
scope of the contractor's recom
mendations are limited to spare 
parts designed by the contractor 
and those designed by others which 
must be controlled by the contrac
tor in order to assure effective 
operation of the end article. 

Examples Used 

The AlA proposal was accom
panied by examples of parts which 
possessed factors limiting their 
competitive procurement. In the 
matter of design status, the pro
posal said the factor of unstable 
design is conclusive enough to 
rule out competitive procurement 
immediately. When modifications 
are being constantly made, the fac
tors of economy and reliability are 
served best by procurement from 
the prime contractor. 

Other factors which would limit 
competitive procurement, the pro
posal said, are expensive master 
tooling, parts with features located 
per master diagram; parts requir
ing major special test or inspec
tion facilities which have been 
developed to guarantee satisfac
tory quality for their individual 
function or system capability; in 
the Class IA castings category, 
those castings for which a sin
gle failure would cause loss of air
craft or one of its major compo
nents; special process or material, 
parts used in critical applications 
requiring special process or mate
rials in excess of the requirements 
published in applicable government 
specifications; parts which because 

259% 

52.8% 

Seat Miles 

of the development state of ma
terials or manufacturing state-of
the-art are subject to an excessive
ly high quality rejection rate. 

When considering the procure
ment of optional parts in order to 
achieve competition, the AlA said, 
it is necessary to also consider the 
costs related to revising or replac
ing existing handbooks used for 
operation or maintenance of the 
end article, and to further investi 
gate the modifications which might 
be necessary to maintenance tools, 
overhaul equipment, or test fix
tures in order to accommodate the 
item being introduced into the 
supply system for a new support 
role. To consider only the hard
ware costs where other factors are 
present, could almost certainly 
lead to a procurement decision not 
in the best interests of the govern
ment. 

Cryoton Switching 
Speeds Computers 

(Continued from Page 1) 

a product of the technology, have 
a switching time so short that it 
has never been successfully meas
ured. Used in computer memory 
circuits and switches, they not 
only speed up the operation of the 
computer, but are inexpensive to 
produce and reduce a roomful of 
equipment to the space of a few 
square yards. 

Cyrogenic temperatures are 
achieved by liquefying various 
gases which have extremely low 
boiling points: gases such as oxy
gen, nitrogen, neon, hydrogen and 
helium. For example, where wa
ter boils at 212 degrees above 
zero, helium boils at 452 degrees 
below zero. 

Household Shipments 
Spark Increase 

(Continued from Page I) 

permits a certain latitude in de
livery schedules without penalty. 
The shipper can select preferred 
delivery dates consistent with de
ferred air freight release schedules 
and up to 15 days delay may be 
incurred without storage-in-transit 
charges, thus giving the employee 
additional time in which to find a 
new home. 

Domestic shipments of house
hold goods by air freight are be
coming standard procedure for 
many large companies. Shipments 
to points outside the continental 
United States are also going cheap
er and faster by air freight, as one 
company recently discovered. 

The armed forces al so are mak
ing extensive use of air freight for 
trans-oceanic shipments, and have 
flown the household goods of 
thousands of military personnel. 

The increase in household goods 
shipments by air is attributed to 
a large extent to the cooperative 
efforts of the Aerospace Industries 
Association Traffic Committees 
and the airlines. These groups 
have been working for the past 
two years on means of facilitatin cr 
such shipments. 
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Jet Trainer Operable 
On Single Engine 

The Air Force says that a jet 
trainer aircraft, operating on only 
one of its twin jet engines, can 
take off, climb at the rate of 6,800 
feet per minute, accelerate to 
Mach .95, maneuver at 40,000 
feet and then land. 



Photo Technique 
Etches Metal 

Thousands of dollars in time 
and material are being saved 
through a new photographic proc
ess which etches metal stencils for 
permanent marking of electronic 
assemblies. 

The requirement for extensive 
markings on electronic packages 
started an aerospace company's 
search for a stencil material that 
would hold its shape indefinitely. 
The search quickly led to metal 
but cutting small symbols in met
al was not feasible since no tool 
could trace the tiny characters ac
curately or sharply enough for 
clear legibility. 

. Then the company came up 
Wit~ th~ idea of photographing 
engmeenng drawings on small 
brass sheets. The process is ac
complished in such- a way that ex
posed parts are acid resistant and 
unexposed parts are open so that 
they can he etched out with acid. 
. The final step comes in the etch
I~g ~achine where paddles mix 
au With acid to form a catalytic 
action etching away the exposed 
brass. 

' Donut' Holes Are Now 
Salvaged, Utilized 

. It to_ok the aerospace industry's 
mgenmty to do it- but at last 
they have found a way to use the 
hole in the doughnut. 

One aerospace company was 
concerned about the punched-out 
holes which had to he scrapped 
after they were cut from electrical 
connector shells. It was discovered 
that the slugs could be used in 
making still other, smaller electri
cal connector shells. 

The saving thus accomplished 
has been estimated at more than 
$1,000 on the first 42,000 pieces 
manufactured. 

Tiny Television Set 
To Have Many Uses 

For those who always thought 
it would he nice to have "second 
sight," an aerospace company has 
come up with the answer. 

The product is called "Electro-
} " . cu ar, an mstrument no larger 

than a flashlight which projects a 
smali, semi-transparent mirror in 
front .of the wearer's right eye, 
refleotmg the image presented by 
its self-contained TV picture tube. 

The instrument may be used 
for presentation of land, sea and 
air battle conditions, viewing space 
exploration, extended vision for 
pilots, remotely controlled indus
trial directions, and in surgical 
operations. 

The 1962 edition of Aerospace 
Facts and Figures, a statistical 
and descriptive handbook cover
ing the varied facets of the aero
space industry, is available for 
$3.00 from American Aviation 
Publications, 1001 Vermont Ave., 
N.W., Washington 5, D. C. Over 150 

pages of charts, graphs, illustra
tions, and statistics cover a broad 
range of topics including: Air
craft in Production, Missiles, 
Space Programs, R & D, Man
power, Finan~, Military (includ
ing federal appropriations and ex
penditures, Airlines, and Exports. 

Problems Of Living In Space To Be Tested 
In Trainer Composed Of Gemini And Lab 

A scientist for an aerospace 
company has de;;cribed a proposed 
"space t rainer," a combined Gemi
ni space vehicle and one-room 
space laboratory which would en
able scientists to find out how 
well astronauts can live in a weight
less environment for extended 
per iods of time. 

He said the space trainer also 
would enable engineers to test 
various space fl ight subsystems 
and techniques which might be 
used in later lunar and interplane
tary spacecraft. 

While the Mercury flights dem
~nstrated that for short periods of 
time man can act and react effec
tively! the same ability to operate 
effectively over an extended peri 
od as required by the Apollo lunar 
trip is still unsettled, he added . 

The Gemini space vehicle is not 
large enough to allow the astro
nauts to leave their seats, but the 
space trainer concept would pro
vide living space in orbit. It would 
he combined with the Gemini ve
hicle in an orbital rendezvous. 

As proposed, the labora tory 
would be a cylindrical chamber, 
eight feet in diameter and 10 feet 
in length. It would be inj ected 
into orbit by the same Titan boost 
system planned for Gemini space
craft. 

After completing the rendezvous 
and docking maneuver, the astro
naut could enter the space labora· 
tory and go through a variety of 
conditioning experiments to de
termie his ability to cope with 
the weightless environment. 

Drilling Costs 
Cut Sharply 

Time and cost of drilling holes 
in aircraft components have been 
dr asti ca ll y reduced through a 
unique machining method devel
oped by an aerospace company. 

The new process involves the 
use of a multi-electrode tool at
tached to an electro-discharge ma
chine. The equipment ca~ drill in 
one operation a quantity number 
of air bleed holes in anti-icing 
tubes for transport aircraft, elimi
nating conventional, one-at-atime 
dr illing. 

The company made electrode 
tools to fit each tube length and 
hole requirement. Th_e dozens _of 
anti-icino- tubes used m each au·
craft ra~o-e from a few inches to 
6 feet in lemrth with 6 to 28 holes 
to the tube. b A~tually the machine 
could drill 100 at a time, if neces
sary. 

Gold 'Toaster' Tests 
Missile Components 

d " " They're getting rea y to toast 
missile components. 

I d " " A special gold-p ate toaster 
has been assembled by the com
pany in order to test components 
composed of fiber glass and met
als to be sure they can withstand 
hi~h temperatures without bub
bling. 

The toaster consists of a gleam
in a circular bank of quartz infra
red lamps capable of radiating a 
million watts of power. The re
flectors are coated with white 
o-old to direct the heat from the 
0 h . inside structure onto t e specJ · 
men being tested. 

It will take 10 seconds for the 
" toaster" to heat missile compo
nents to a temperature of 715 de· 
<>rees Fahrenheit from inside the 
b 

component. 

Aircraft Parts Formed 
By Electrical Method 

An aerospace company has op· 
ened the way for savings of thou · 
sands of dollars in its tool and 
production program by develop· 
ment of a simplified and econo~
ical method of forming certa l~1 

types of aircraft parts by el ectrl· 
cal arcing. 

The technique, called electrical 
discharge forming, is the result of 
a two-year search for unique, un 
conventional equipment and en· 
ergy sources as a substitute for the 
more hazardous chemical explo· 
sive methods formerly used. 

The new method may save a ~ 
much as 90 per cent of produr · 
ti on cost on certain parts. 
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Industry Proposes Guides For R & D Contracting 

Substantial Savings Are Realized 
Through Value Engineering 

Ideas developed during a 40-
hour "brainstorming" session at 
an aerospace company may result 
in savings of as much as one and 
a quarter million dollars. 

Those taking part in the session 
were 30 senior design and staff 
engineers who were selected to at
tend a Value Engineering Semi
nar. The course was conducted 
four hours a day for two weeks, 
and the engineers spent the re
mainder of the two-week period 
developing six projects on a team 
basis. ' 

The savings were effected main
ly through elimination of unneces
sary functions heir g built into 
and performed by various missile 
components. Such duplication in
creased the cost and time sched
ule without contributing to the 
basic function of the components 
or the system. 

Value engineeri ng, which is 
coming into wider use by aero
space firms as a means of tr im
ming costs and improving per
formance, is described as ''a func
tion-oriented technique for a hiev
ing maximum product value.' ' It 
seeks to acquire minimum cost 

without compromising quality, re
liability or schedule. 

The technique is hailed as one 
which industry, and especially the 
aerospace industry, cannot he 
without. Some aerospace firms are 
training growing numbers of men 
and women in the technique, to 
insure that every product is treated 
to its cost- reducing benefits. 

Micro-Welder Faster, 
Far More Reliable 

An aerospace company has de
veloped a "micro-welder" that 
makes previous welders seem like 
mechanical antiquities. 

The new device will make a 
reliable weld in the time it takes 
you to dot an " i" but the dot on 
the "i" would he 30 times bigger 
than the size of the remarkable 
w·eld. 

The device will weld to glass, 
ceramic materials, gold, silver, 
alumin um, and almost any p res
ently known material , even if the 
material is in thicknesses of less 
than tissue. It is portable and 
O)JeraLes from a l'egular electrical 
outlet. 

The technique is a valued wea
pon against the production buga
boos of t radition and time. It 
shatters meaningless traditions by 
subjecting them to concentrated 
clear thinking. By the same means 
it reduces time involved by reject: 
ing established methods in favor of 
shorter , more direct approaches to 
the end result. 

There are thousands of exam
ples of savings instituted by the 
value engineering rnethod. The 
savings appear not only in produc
tion .but in purchasing, in records 
departments, in tool warehousing 
and other departments. They are 
savings which are another step in 
the aerospace industry's constant 
effor t to give the nation better 
aerospaoe products at a lower 
price. 

Value engineering is described 
as the systematic application of 
~oncerted t~ought-by everyone 
concer~ed With a particular proj
ect- with the goal of producing 
the essential product at the lowest 
cost. 

The Department of Defense has 
put its full support behind the val
ue engineering technique. 

Time, Benefits, 
Costs Cited 

The Administration has recently 
completed a study of the govern
ment's research and development 
resources, both public and private, 
and the policies it feels should be 
pursued in dealing with, supervis
ing and reimbursing private con
tractors. 

The report has been passed on 
to the Military Operations Sub
committee of the House Commit
tee on Government Operations, 
which is listening to views on gov
ernment R&D procedures. 

Experience demonstrates that 
the effectiveness of R&D, advisory, 
managerial, supervisory and oper. 
ating services now obtained by the 
government from both inside and 
outside sources will be enhanced 
by adherence to the following four 
principles : 

1. The needs of government 
R&D, advisory, managerial and 
operating services are so varied, 
their urgency so great, and their 
problems so difficult, that it is in 
the nation's interest to use the very · · 
best available resources, with pri
mary attention to the effectiveness 
of the effort rather than concern 
for whether the work is performed 
in-house or by contract with out. 
side organizations. 

2. As government problems re
quire mor~ and more of the na
tion's talent, resources and tax 
revenues, it is desirable for the 
government to employ those serv. 
ices which will quickly and effec
tively translate as many aspects of 
the service as possible to wide
spread general public benefit, and 
to the enhancement of the general 
economy and standard of living. 

3. In _obtaining the perform
ance of its functions, and espe
cially in the use of scarce resources 
of creative talent and effective 
manao-ement, it is desirable for the 
gover~ment to cause as little dis
turbance as po sible to th basic 
institutions and fundamental prin
ciples of the na tion's free enter
pr ise system, but rather where 
possible to enhance the system and 
foster those institutions upon 

(See R&D, Page7) 



Plane Viewvs 
Air transport manufacturers and the airlines are 
spending substantial sums to control the 
level of jet transport operations. For example: 

Manufacturers so far have spent $50 million to 
develop in-flight sound suppressors. 

Airlines have spent $49 million to equip turbojets 
with the suppressors. 

Use of these sound suppressors cost the airlines 
about $25 million last year. 

Aerospace Quote 
"But the advance of space 

technology depends on more 
than facilities. Basically, it de
pends on people-educated, re
sourceful,Jand highly motivated. 
As long as our nation is con
fronted by the Soviet military 
threat. our armed forces will 
need the very best scientific and 
engineering talent in the coun
try. In the Space Age, scientifi c 
strength is indispensable to mili 
tary strength. 

" It is essential to build and 
maintain that strength today. It 
is equally essential that we use 
our strength with wisdom. 
These two requirements post the 
basic· challenge to the engineer. 
His skill, his kn owledge, and his 
imagination are all sorely need
ed to help build the nation's 
strength. But the defense of 
freedom demands more than 
technical know-how ; it demands 
dedicated men and women who 
will place their country's inter
est above their personal ad
vantage."-CPn. B. A . Schriev
er, Commander, Air Force Sys
tems Command. 

AEROSPACE 

Unique Gadget Aids 
Quality of Forgings 
Technicians have designed a 

unique gadget to facilitate quality· 
control on incoming fo rgings. 

Hundreds of forgings for aero· 
space products, mostly of high· 
strength steel or aluminum, are 
delivered to the company every 
year. The quality control depart· 
ment must inspect them for flaws. 

Forgings traditi ona ll y have 
been inspected by placing them 
on specially constructed flat -sur
face tables where height aauaes 
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measure Istances from the tables 
to s:lected pairs of points on the 
forgmgs. If the poin ts in a pair 
?re ~ot w_ithin tolerance, the forg
Ing IS mismatched and un accept
able. 

In order to save time techni 
cians have now develop~d what 
they call a "mismatch gauae." 
The device consists of two 
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pieces of metal held together but 
free to slide over each other. Both 
have calibrated scales. When the 
~dges are placed against a forg
n~g, any misalignment causes one 
piece to he higher than the other. 
and the difference may be meas: 
ured by the scales. 
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Approa~h To P rogress 

The a ston ish in~ly progressive technology evolved by the aerospace 
ind ustry dur ing the past decade has wrought vast changes in the na
tional defense environment. 

Many of the changes are readily apparent-the advent of the missile 
as a weapon-in-being, perfection of faster, more reliable supersonic 
aircraft, and manned space flight. 

Other changes are not so apparent to those not intimately connected 
with the national defense effort. These more subtle chan!!es involve 
the many-faceted relationships between the parties involved in the total 
defense effort, specifically between the planners at the governmental 
level and the implementers at the industrial level. 

Most of the policies, procedures and regulati ons- and even the philoso' 
phies governing this relationship- are based upon an assembly-line 
concept of military weapons procurement. They were developed to 
meet the exigencies of World War II , and they did the job as long as 
the pr imary object of procurement was quanti ty. 

But in the modern concept of military technology, the assembly line 
has become obsolete. The premium is now placed squarely upon re
search and development, the unremitting and highly competitive search 
for greater aerospace performance, greater reliability, faster timetables, 
lower costs. 

Most close observers agree that the time has come for a cloEe, ob· 
jective look at the relationship and the degree of success which g«;>vern 
ment and industrv are having in carrying out this unprecedented 
research and development effort under a philosophy developed man)' 
years ago. 

In an effort to provide this obj ective look, the Aerospace Industries 
Association has contracted with the Stanford Research Institution for a 
comprehensive, obj ective study to determine the factual basis for the 
development of public and private policies most conducive to a vigorous, 
creative and efficient government-industry relationship in the develop· 
ment of modern weapons systems. 

The study will include the economic, financial and tecl~n ical char· 
acteristics of the aerospace industry, and the impact of legislative. 
investigative and regulatory factors upon the industry. 

The problem are~s in the government-industry relationship are eas_v 
to identify, but their causes and cures are much less obvious. It JS 

hoped that the latt~r will emerge in sharp focus from a better under· 
standing of the umq ue roles, requ irements and contr ibutions of each 
member of the na tional defense team. 

The industry is encouraged by the response of top government offi 
cials to this proposed study and their assurances of support and co· 
operation in its p~eparat~on . If the study can develop a sound basis 
for appraising the mc~easmg complexity of procurement procedures and 
practices, and can pomt th_e way to improvement in the weapons pro
CUI'ement system, an endurmg contribution will have been made to the 
defense capability of this country and its nati onal securi ty. 



As Director of the God
dard Space Flight Cen
ter at Greenbelt, Md., 
Dr. Harry J. Goett is 
responsible for the un
manned explorat ion of 
space between the earth 
and the moon . He as
sumed his present posi-
tion in 1959 after an 

extensive 25-year career in the field of 
aeronautical engineering and astronomical 
research. In this article, Dr. Goett com
ments on where the United States is in the 
scientific exploration of space, and what 
challenges lie ahead. 

ByDR.HARRYJ.GOETT 

Director, Cotldard Space Flight Center 

A t this point, when the United States is 
marshalling its resources for the challenging 
goals it has set for itself during the coming 
decade of the Space Age, it is useful to do 
some stock-taking on past accomplishments. 
The most significant sign of progress is the 
fact that these accomplishments are no longer 
new. An operating satellite in orbit rates no 
more comment in the public press than did the 
Andre Doria during its many uneventful trans
Atlantic trips. The satellites, as the Andre 
Doria, rate c~mment only when they suffer 
a failure or a disaster. This indeed does signi
fy progress. 

At least the Space Age is now out of its 

infancy. When the launch of a man to the 
Moon causes no more of a news flurry than 
does the launch of a TIROS weather satellite 
today, the Age will be able to claim maturity. 
At that time, the news story will center around 
the prospective trip of a man to Mars. 

The particular part of the space program 
that has reached its goal of being "common· 
place" the fastest, is that phase concerned with 
unmanned scientific and meterological satel
lites. This is largely because available boosters 
were adequate for the initial needs of these 
satellites. Other parts of the program- the 
unmanned lunar and planetary probes, and 
manned satellites-have had to be paced in 



accordance ·with necessarily slower develop
ment of the larger boosters which they re
quire. 

In one sense the unmanned scientific and 
meterological satellite program has benefited 
by the weight-lifting limi.tation of the boosters. 
This has imposed on the program an approach 
in which relatively single-purpose, specialized 
satellites have been launched into orbits 
uniquely suited to the particular set of ex
periments which they carry. This is in con
trast to what seems to be the Russian ap
proach of launching fewer but larger-and 
thus more general purpose-satellites, which 
imposes a handicap in matching the orbit to 
the experimental requirements. Thus the 
weight-lifting disadvantage under which our 
lunar, planetary and manned space program 
has labored, seems to have worked to the ad
vantage of the scientific earth-satellite pro
gram. 

Two Characteristics ExJJlored 

To fully understand the foregoing point 
one must appreciate two characteristics of 
the space environment being explored. This 
environment varies significantly as to place 
(e.g. distance from the Earth) and time. Thus, 
a cross-section of the energetic particle popu
lation of the Van Allen radiation belt obtained 
in a 300-mile orbit will no more resemble that 
obtained in a 2,000-mile orbit than will a 
sample of Washington weather tell us any
thing about San Francisco conditions. To 
continue the simile, the conditions at 100,000 
miles before a solar event will differ from those 
at the peak of an event more than does Wash
ington summer and winter weather. Thus, to 
get an understanding of the space environ
ment variations there is a virtue in launching 

many small satellites at different times into 
different orbits rather than fewer large satel
lites. This virtue has been full exploited in 
the portion of the NASA space program de
voted to scientific and meteorological research. 

This portion of the NASA program, which 
has been the primary responsibility of the 
Goddard Space Flight •Center, has been ac
complished by means of 18 satellites and 
space probes during the past three years. 
s_ome 70 experiments have been carried into 
selected orbits. The bits and pieces of data 
they have trans~itted back to Earth are being 
.fit_ted _together hke a giant jig-saw puzzle by 
scientists throughout the nation and the 
world. Already a pattern is appearina and 
~ere is emerging an understanding ~f the 
mfluence of the Sun on the radiation belt 
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surroun mg the Earth, the ionosphere, and 
our upper atmosphere. 

Our first data on the Sun-Earth relationsh. 
was obta~ned from a detailed study of t~~ 
~erturbatwns of the orbits of various satel
htes. One. can compute what the orbits of 
these satellites would be in a perfect vacuum 
and ~nder the gravitational attraction of a 
sphencal Earth and Moon Vari·ati·o f . . . · · ns rom 
thi~ I~eahzed orbit can then be traced to 
vanatwns from this model In th. · Is manner 
Van guard I led to the deduction of th " 
h d" E h e pear-

s ape art . There was detected I·n .t b. . . I s or It 
a vanatwn which could be traced to · a vana-
tio~ i~ gra:itational attraction due to a 50-foot 
deviatiOn ~n _a 4,000:mile radius spherical 
Earth. This mformatwn has been of con
~iderable interest to the geologist who is try
mg to understand the characteristics of the 
Earth's surface and its interior. From these 
data he can deduce the bending strength of 
the Earth's crust and its resistance to known 
distorting forces. One interesting inference 
has been drawn by the geologist- that this 

ORBITING ASTRONOMICAL OBSERVATORY 

shape was set some 50-million years ago when 
the day was 23 hours and 30 minutes in length. 

Echo I A Sensitive M easrtre 

In a somewhat similar manner information 
about the density and temperature of the up
per atmosphere has been derived from Echo 
I. This balloon-satellite is very large in pro
portion to its weight. This makes it most 
responsive to small changes in resistance in 
orbit, and its orbital variations have served 
as a very sensitive measure of the density 
variations it encounters. For instance, there 
was a marked change in its orbital period at 
the same time that a Class 3 solar flare was 
observed from the Earth. From information 
of this type, the upper atmosphere physicist 
was able to deduce that this flare heated up 
the atmosphere, causing it to expand and in
crease in density at the altitudes of the Echo 
I orbit. 

Trajectory data from Vanguard I, Echo I, 
and other early satellites thus hinted at the 
interrelation existing between the Sun and 
what goes on in the Earth's upper atmosphere. 
It has been from the later "direct measure
ment" satellites that more detailed informa
tion has been obtained. Before describing 
these results, a discussion of the phenemona 
involved will be useful. In this regard "space" 
can be divided into three general areas. 

The first is the Sun itself. Prior to the 
satellite it 'Was necessary to study the Sun as 
if throuah a translucent blindfold because the 
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Earth's atmosphere cuts out a high percentage 
of the Sun's radiation which tells us what is 
going on up there. By observing sun-spots 
and solar flares from above the Earth's atmos
phere, we will learn more about the ·basic 
cause of other phenemona in space. The 
Orbiting Solar Observatory I is the satellite 
from which the bulk of our solar observa
tions have been made to date. This satellite, 
from its orbit 350 miles above the Earth, has 
enabled us to look at the birth and growth 
of more than 100 solar flares. 

The second region of interest is inter
planetary space. It is distinguished from the 
near-Earth region because the phenomena 
here are dominated by the Sun and relativel_Y 
uninfluenced by the Earth. In this region Jt 
is possible to observe electromagnetic radia· 
lions and particle emissions coming from the 
Sun, essentially uninfluenced by the Earth's 
magnetic field. Three United States satellite<! 
have been launched to study this regiull 
They were Pioneer V which continued trans· 
mittii1g until it was about 22.5-million miles 
out from the Ea rth ; Explorer X which went 
ou t some 14..5.,000 miles and Explorer XII 
which had a n apogee of some 4.8,000 miles. 

Rlldiation Belts Studied 

Th thi rd region i the near-Ea rth area 
ca lled the mngnetoi3phere. Here, the magnetic 
fi eld of the Earth exer ts a major influ ence, 



capturing particle emissiOns from the Sun. 
F ortunately, the magnetosphere and the atmos
sphere prevent most of these harmful radia
tions from impinging on the Earth. At the 
equator , this magnetosphere or shelf extends 
up some six Ear th radii- 24,000 miles. At 
the magnetic poles the shield is much thinner 
and solar effects such as the aurora occur at 
much lower altit-udes. 

Explorer VI and XII, and Injun were satel
lites which had orbits enabling them to 
traverse repeatedly the radiat ion belts in this 
magnetosphere region . It is from these satel
lites, plus some supplementary Russian data, 
that the bulk of our information on the 
energetic par ticle population of these belts 
has been derived. 

Vanguard III , Explorer VII , the P-21 space 
pr obes, the recently launched United States
Br itish Ariel, and TJROS satellites were put 
in relatively lower orbits and it is from these 
satellites that we have been able to derive 
our info rma tion on near-Earth magnetic fi eld , 
the ionosphere, the density and constituents 
of the upper atmosphere, and the dynamics 
of cloud fo rmations. 

ExplorP-r X GivP.~ l11si[!hl 

Consider fi r st the resul ts fr om Explorer X 
which have given us our best insigh t into 
what happens in in terplanetary space on the 
occasion of a solar fl are. This, in par t, was 
the result of a for tuna te coincidence. The 
primary p urpose o.f Explorer X was to meas
ure the magnitude of the in terplanetary mag
netic fi eld and the accompanying plasma fl ow 
in its quiescent sta te. All th at was required 
to accompli sh this was to get the sensitive 
magnetometer and plasma probe carried by 
the satellite out beyond the magnetosphere 
for a short in terval, so the li fe of the satellite 
as limited by its battery weigh t was above 
55 hours. Ri gh t in the middl of its fl ight it 
happened lha t a solar fl are occurred, th us 
making it P' sible to obser ve the ontrast 
het WI'BU the q uie oen t stnt anrl the co nditi ons 
jnduced by the J1 n1'e. 

ORBITING GEOPHYSICAL LABORATORY 

I 

The conditions observed generally fit a 
" solar wind hypothesis" advocated by some 
theoreticians. They postulate that during 
quiet periods, the sun's magnetic fi eld is in 
the range of one to five gammas. Explor er 
X showed a slightly higher level than this. 
However, there are intervals when the Sun 
sends out a "solar breeze" or "wind" stretch
ing the Sun 's magnetic fi eld millions of miles 
into space. Explorer X gave us detailed in , 
formation on the increased magnetic fi eld 
levels and their fluctuating character during 
a solar event, and the plasma fl ow that ac
companies this field. Explorer XII, which did 
not have as sensitive magnetometer on board 
but was equipped with much more extensivP 
energetic particle instrumentation, provided 
additional information on some five solar 
events during the 112 days of i ts active life. 

Magneti.c Bottle Formed 

The picture that can be put together from 
these experimental results with the aid of 
hypothetical models supplied by theoreticians 
is as follows : Generally, it is now believed 
that when an eruption occurs on the Sun, a 
huge tong.ue of magnetic fi eld lines is sent 

out into space. According to one hypothesis, 
these lines form- in effect- a magnetic bo t

tle. Cosmic r ays from outer space are ex

cluded by this bo ttle and are bounced o:ff it, 
and the " wind" or plasma which erupts fr om 

the Sun is confined within the bottle. The 
plasma, basica lly a gas cloud composed of low 

energy charged patricles, creates a magnetic 
fi eld which moves along wi th it. Higher ener

gy par ticles sp iral aro und and are carried 
along b these magnetic fi eld lines. It remains 

unclea r and is subject to debate as to whethe r 

the particles s tart out ·wi th high ener gies or 

acquire most of th is energ b y being acceler
a ted to hi gh velocities when the are pushed 
along b y this magnetic fi eld. When the da ta 

from OSO are more thor oughl y analyz d we 

may kn o ~ m ore about thi s ince OSO's m eas
urem n ls are fo ·u ed on the conditions exi t· 
in<r ut the poin t of o rig in of th flare. In ith r 

case, by the time these particles- electrons, 
protons, and neutrons-reached Pioneer V, 
Explorer X, and Explorer XII, there was a 
spectrum of energy all the way fr om relativis
tic, i .e,. traveling with the speed of light, on 
down. 

The solar tongue continues to expand, and 
eventually envelops the Earth's magnetosphere, 
distorting it. It is thought that the Earth's fi eld 
is compressed toward the Earth on the sunlit 
side, but assumes a tear-drop shape on the 
opposite side of the Earth. We know that the 
particles are deflected by the magnetosphere 
and few reach the Earth except at the polar 
cap . But whether these particles then become 
the primary source of the particle population 
of the r adiatioi1 belt, is a subj ect on which 
there are diverse views. 

Eruptions Of Major Concern 

Needless to say, these solar eruptions are of 
maj or concern to the people planning manned 
space fli ght missions, and . further measure
ments are necessary in order to design ~he pr o
tection which a man will need f rom exposure 
to these particles. It appears that at least fo r 
a lunar trip a man can be adequately protected 
from all but the most extreme solar event. 
One objective of our solar studies is to devise 
a way of predicting when a major event will 
occur. If this succeeds, manned space shots 
will he timed to avoid these events, just as a 
ship avoids a hurricane area at sea. 

Th is demonstrates a close relationship be
tween our scientific effor ts and the manned 
space program. T he distrib ution of . harmful 
radiations in space, the times of then o cur 
r enee and the influence of magnetic fi Ids are 
all important problems which spac , cience 
investin-ations mu t sol e befor one an safely 
proceed to end men out into space. rn r~turn , 
putting a man into space will furth r atd us 
in the sci ntific xplor ation of th olar ys-

tem . 

Consider in o• next the magn to pher region. 

h · d too·e·t}tol- d r i ed a picture can now e p1 ne o ' ' ~ 
pt:imaril f rom the combined re ult ot Ex· 



Orbiting Solar Observatory, in 
orbit 350 miles above the 
Earth, has produced data from 
more than 100 solar flares. 

S-3 satellite, Explorer XII , is 
shown coasting here, and in a 
despin stage before the solar 
paddles are released. 

...,. 

plorer VI and XII , and Injun. We know that 
the Earth's magnetic field controls the distri
bution of the particles surrounding this planet 
and that these particles ride along magnetic 
field lines, converge at the magnetic poles, re
verse and wander back to the opposite pole. 
This region in which the particles are cap
tured forms the radiation belt first detected by 
Van Allen on Explorer I. The particles come 
down closest to the Earth at the poles, and 
some investigators think they have an impor
tant heating effect on the upper atmosphere, 
which in turn has a potential influence on the 
weather. 

Source Is Debatabl~ 

One can stir up a violent argument among 
scientists over the so urce of the particles. One 
school of thought suggests they are injected 
into the magnetosphere by the solar flare mech
anism. Others claim an important source is 
from neutron decay in the upper atmsophere; 
cosmic rays from outer space or high energy 
particles impinge in the upper atmosphere, and 
produce charged electrons and protons, which 
then are captured by the magnetic lines in the 
belt. Before this argument is settled we are 
going to have to know a lot more about the 
lifetime of particles in the belt. If it is equiva
len t to a slowly leaking bucket, the neutron 
decay mechanism will be suffi cient to keep it 
pop ulated. If the bucket gets kicked over and 
emptied occasionally, for instance, at the time 
of the previously discussed distortion of the 
magnetosphere by a solar wind, the more 
plentiful source of injection from the Sun 
looks likely . 

We know the particle population fluctuate , 
and this fluctuation bears some relation to 
variable solar conditions. It may be necessary 
to go through an eleven-year solar cycle once 
or twice before these fluctuations are com
pletely understood. 

It is now considered that the radiation 
"belts" are one huge belt with the character
istics of its particle population varying from 
the inner to the outer edge. The quantitative 
information obtained from the previously 
mentioned satellites will be of considerable 
importance in planning future communica
tions and weather satellites. These energetic 
particles not only have a deteriorating effect 
on a man, but they also cut down the lifetim"e. 
of solar cells, transistors, and other electronic 
components. 

lon.o3ph.-e Studied 

There is still another region of the magneto
sphere that has been looked at in considerable 
detail. The P-21 probe, Explorer VIII and 
Ariel were launched into the ionosphere to de
termine its characteristics. The ionosphere is 
a region extending roughly from some 40 
miles to several thousand miles above the 
Earth where radio waves can be bounced to 
obtain long distance transmissions. Previ
ously, we thought that at upper altitudes, be
ginning at about 700 miles, the main iono
sphere constituent was atomic hydrogen. How
ever, satellites and probes have shown a heli
um layer at this altitude which extends up to 
about 2,000 miles, where hydrogen takes over 
as the prime constituent. 

Another type of test has been conducted, · 
primarily because it was a means by which it 
is possible to reach out and obtain a sample 
of the Sun. This was done from upper-alti tude 
sounding rockets, fired from Fort Churchill, 
Canada. Fort Churchill was chosen because 
it is far north where the magnetosphere is the 
thinnes t, thus afford ing the opportunity to 
sample what goes on outside this shield. A 
method called the nuclear emulsion technique 
was used. These emulsions are .blocks of the 
same photo-sensitive emulsion used to coat 
photographic plates. They were sent up to 
altitudes of about 90 miles on rockets and 
recovered. Particles penetrating these emul
sions have ha ra<.;terUjc tra ks from which 
the type and energy of the particle can be 
deduced. 

Some el11 ulsions were launched durin a 
0 

quiet Sun conditions, and were relatively un-
exposed. One was launched right into the 
middle of a ma jor auroral display, which coin
cided with a Class 3 solar flare. When devel
oped we saw tracks of impinging particles, 

which some 30 minutes before had be n on 
the Sun. 

TIROS A Highlight 

No story of our past three years in space 
would be complete without menti on of TIRO . 
It is one of the highlights of ou r space accom
plishments to date. The extent to which even 
this exper imental satellite is able to provide a 
global prospective of the weather is highly 
significant. A cloud analys is resulting from a 
single day's pass of TIROS last fall spotted 
Hurricane Esther before it was detected by 
any other means, and se~ved to alert the hurri
cane patrol by normal means. 

It is hoped that by close examination of the 
convective cells which grew into Hurricane 
Esther, more can be learned as to what con
ditions cause hurricanes. Cloud analyses from 
TIROS are distributed over a world-wide 
weather Bureau Net and are already serving 
a useful operational purpose. We are all look
ing forward to the more complete cloud cover
age which will be furnished when TIROS' 
successor, Nimbus, comes into general use. 

TIROS is the space accomplishment that has 
resulted in an end product with the most obvi
ous pertinence to the life of the man in the 
street. However, there already is the hope or 
the promise (depending on one's optimism ) 
of even greater long-term gains. There is the 
possibility that the heating of the upper at
mosphere by the Sun controls the Earth's 
weather cycles; if so, an understanding of this 
mechanism and its relationship to the solar 
cycle could lead to long-term weather predic
tion of considerable economic value to the 
farmer. The ionosphere has a major influence 
on present day long distance radio communi
cations; an understanding of its variations 
gained from satellites could lead to much 
more reliable communication. The better un
derstanding of the nature of the Earth's crust, 
such as gained from Vanguard I , might well 
lead in due course to a way of probing this 
crust to obtain new sources of energy. These 
examples are obviously speculations. at this 
time. One cannot claim the foresight of 
Michael Farraday when he responded to the 
inquiry of a member of Parliament as to the 
earthly use of his new invention, the electric 
motor, with the reply: "Someday you will 
tax this." However, this has been the history 
of science in the past and there is no reason 
to believe it will not apply to "Science in 

S " pace. 

]n conclusion it must be stated that this re
view is deri ved from the results not only of 
many men, but many _DTgan_izations: Th_e 
characteri stic of space sc1ence 1s such that It 
spreads across many dis~ipli_nes, and a. ve? 
broad seament of the scientd1c fratermty Is 

helping u~navel the meaning of the new sci
entific data brought back from outer space. 
The meteorologist, geologist, geodesist, astron
omer, astrophysicist, and solarphysicist-each 
has found a new frontier . The prospect of 
things to come is indeed an exciting one. 
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which it rests and from which the 
support of the nation and the gov
ernment is obtained. 

4. The managerial, technical, 
professional and other resources of 
the nation are spread throughout 
the governmental and private in
stitutions, and can be most effec
tively utilized if employed in co
operation with one another rather 
than by creation of new agencies 
of government to perform services 
which can be provided by existing 
governmental or private agencies. 

Consistent with those basic prin
ciples, it is apparent that the fol
lowing practices should receive 
primary consideration in serving 
the government's interests, de
pending upon the nature of the 
services desired and the character 
of the agency performing them: 

The government should look to 
its in-house organizations to per
form the required continuina 

• 0 
serviCes, not normally a part of the 
economy, to maintain state-of-the
art knowledge and to train and 
provide government personnel for 
governmental operating functions. 

Governmental in-house oro-ani-
. h 0 zatwns s ould not engage in pro-

duction or provision of services in 
fields provided by the general 
economy except under very special 
circumstances. 

Governmental organizations, pri
vately managed and operated, 
should, like regular in-house go~
ernmental entities confine theu 
operations to sp~cialized fields 
needed by the aovernment and not 
generally a p~rt of the civilian 
economy. 

In determinino- whether to per
form a service o:' function through 
a contractor or by direct federal 
operations, the government's de
cision should be based primarily 
upon the likelihood of obtaining 
the most desirable results at the 
optimum time at the most favor· 
able over-all cost to the govern
ment, and secondarily by consid
eration of securing maximum 
public benefit from the work. In 
evaluating the likelihood of ob
taining the most desirable results, 
the inherent nature and functions 
of the organization and its regular 
sphere of operation should be 
considered. 

In contracting with " threshold" 
or specially-created non-profit en
tities established to perform spe· 
cialized functions of a public char· 
acter, the government should re
quire such contractors to adhere 
to their public policy fw10tion and 
avoid conflicts of interests and 
competition with other agencies in 
the private or government sectors. 

Organizations created to serve 
through data gathering, evalua
tion, or broad system conceptual
izing should not engage in produc
tion or in other work which can 
be equally well performed by other 
types of organizations. 

In contracting with educational 
institutions and their affiliated op
erations, the crovernment should 
restrict the sco~e of work request
ed to the development of basic 
knowledge, the evolution of fun
?amental principles, or the train
mg of personnel in new fields, with 
a minimum of elaboration in the 
form of applied hardware. 

Recognizing that it is necessary 
to conserve talented manpower 
and specialized facilities, to draw 
upon existing technologies wher
ever possible, and to provide max
imum opportunity for two-way 
feedback of benefits from and to 
the civilian economy, the govern
ment should make every reason
able effort to utilize existing pri
vate organizations for the conduct 
of work for the government. 

In utilizing private organiza
tions for governmnetal work, the 
government should deal with them 
in such a way as to recognize and 
to preserve the integrity, creativ
ity, enterprise and responsibility 
of such organizations. 

In evaluating private organiza
tions for the award of contracts, 
and in administering their per
formance of work, the government 
should exercise its supervision on 
the basis of over-all results and 

total costs, but not by exercise of 
detailed control or over-manage
ment in personnel policies or spe
cific concern with details of costs 
as to fees, overhead or otherwise. 

In all of its efforts, the govern
ment should seek to deal with 
proven, trustworthy individuals 
and organizations, and should do 
so on the basis of trust and re
liance upon the individual's or or
ganization's initiative, judgment 
and good faith , rather than by in1-
posing procedures based on the 
assumption of lack of these essen
tial characteristics. 

Gases, Odors Verified 
By Unusual Sniffer 
One of the world's most sensi

tive noses has joined the staff of 
an aerospace company. 

It is a ~echanical s.niffer capa
ble of smffing out mmute traces 
of gases or odors to the tune of 
one part in a million. 

The devi?~·. called the "vapor 
fractometer, 1s actually two metal 
boxes packed with tubes, dials, 
electrical relays, motors and valves. 
One box does the actual smelling 
and the other evaluates the find 
in~ and make a permanent rec
ord. 

The machine is used primarily 
for analysis of complex mixtures 
of vola tile liquids and gases. 

'Probe' Measures 
Coat of Paint 

An instrument which will meas
ure the thickness of a coat of wet 
paint without touching it, or the 
thickness of metal removed from 
an axle while it still is spinning in 
a lathe, has been devised by aero
space engineers. 

The device is called an optical 
probe. It will measure thicknesses 
as great as several feet and as 
small as .0001 inch, with ex"treme 
accuracy. 

To measure the thickness of a 
coat of paint, the probe first would 
be set up to throw two spots of 
light on an unpainted surface. 
Each of the light spots is divided 
by a hairline. By adjusting a 
knob, the two lines would be 
joined, . establishing a base point 
on a dial of the instrument. 

After the paint was applied the 
process would be repeated on the 
paint surface. The dial would 
give a new reading; the differ
ence between it and the first read
ing would be the paint thickness. 

Since the part being measured 
is not touched, the optical probe 
can measure a number of objects 
not normally measurable, such as 
surfaces too hot to touch. It also 
could measure hard-to-reach ob
jects from a distance of as much 
as 30 feet. It might be used as 
well in the measurement of radio-
active materials. ,. 

Aerospace Development 
Aids Heart Study __ 

Development of an unique elec
tronic instrument which · can iso- 
late any portion of the acoustic 
human heart cycle for immediate 
analysis or later study is reported 
by an aerospace firm. 

The electronic stethoscope en
ables the physician for the first 
time to eliminate by advanced 
electronic techniques all unwanted 
portions of the heart beat cycle 
and bring into focus only the 
heart sounds he wants to hear. 

The development is expected t? 
be of exceptional value to ca~dt
ologists in detecting and studymg 
abnormal heart sounds. 

Output from the device can be 
fed into conventional earphones 
or a loudspeaker for audio analy
sis; it can be connected to an 
oscilloscope for visual display, or 
it can be recorded on an electro· 
cardiograph to provide a perma· 
nent record of the heart sounds. 

The instrument has been sub
jected to clinical tests for the paet 
year. 



25 Weight Engineers Maintain 
Meticulous Diet For Bomber 

If employees at an aerospace 
company have a weight problem, 
they also have experts right on 
the spot to tell them what to do 
about it. 

They can call on the services of 
25 weight engineers who are ex
perts at keeping weights down and 
in the right places. These 25 
helped conceive the weight of a 
bomber at its birth and have kept 
close tabs on it ever since. 

The weight must be kept in the 
right location so that the plane 
can keep the right center of grav
ity at all times, thus staying 
balanced. An example of the 
problems involved for these 25 
weight specialists is the replace
ment of seats with heavier escape 
capsules. Installation of the cap
sules shifted the weight slightly 
forward, and the weight-shift had 
to be counter-balanced by a dif
ferent usage of fu el. 

The weight specialists meticu
lously count the metallic ounces 
added to or subtracted from the 
bomber, and are constantly on the 
lookout for new ways of cutti no
weight as well. "' 

Two avenues most commonly 

Onion-like Antenna 
Improves Tracking 

Those hemispherical delic~cies 
being turned out by an aerospace 
company may look like onions. 
but if you bit into one you would 
promptly ruin a new precise an
tenna which can either receive or 
transmit radio wave signals. 

The onion-like objects are low
cost electronic lenses which focus 
microwaves in much the same 
manner as a magnifying glass 
bends light waves. By bendino
and focusing these waves. they r: 
ceive or send out signals in paral
lel lines. 

This results in a larger image 
on a radar screen because it re
turns more of the signal, which 
otherwise would be widely scatter
ed and lost. When the lens is 
used as a transmitting antenna, 
the parallel lines feature permits 
more precise focusing on a target. 

The lens has great potential in 
aircraft and missiles, as ground or 
air marker beacons, and on buoys 
marking water lanes. Because it 
can increase the image of an air
·raft on a tracking radar screen, 

it also could be used in military 
and commercial planes to enahlo 
airpor~ tower operators to pin
point ail'craft in holding, ap
proach and landing patterns. 

explored are lighter metals and 
smaller components. Microminia
turization has greatly reduced the 
weight of electronic packages, and 
the micro-units are more rugged 
and in many cases withstand a 
greater temperature. 

As an example of the savings 
involved in micro-miniaturization. 
the size of the short-range com
munication system has been cut 
from 45 to 21 pounds. Some units 
have been reduced more drastic
all y in weight. 

New Volume Describes 
Astronautic Careers 
"Careers and Opportunities in 

Astronautics," by Lewis Zarem, a 
public information officer at 
Wright-Patterson Air Force Base, 
Ohio, gives a thorough and en
grossing account of the work 
being done in countless exciting 
and challenging jobs, the qualifi
cations and educational back
ground needed. 

Mr. Zarem discusses salaries in 
various positions ; points to look 
for in choosing a company for a 
career in private industry ; how ~o 
plan in high school to prepare for 
college training for astronautics ; 
and how to tell whether you are 
more inclined toward pure science 
or engineering. 

" Careers and Opportunities in 
Astronautics" sells for $3.95 per 
copy. Order from E. P. Dutton 
and Company, 201 Park Avenue 
South, New York 3, New York. 

'Tipsy' Chair Simulates 
Weightlessness 

Some of the unanswered ques
tions about man's behavior in a 
state of weightlessness are being 
solved these days by a " tipsy 
topsy" chair which effectively 
simulates that state. 

The contraption is called, tech
nically, an an thropometric ergo
metric facility. It consists of a 
specially designed seat and an 
adjustable panel of force-meas
uring devices. The seat balances 
delicately on ball bearings so as 
to rotate effortlessly. It is sus· 
pended so that imaginary l ines 
dra~n . through its horizontal and 
vertrcal axes meet at the subject's 
center of gravity when Lh e sub
ject is at rest. 

The r_esult. is that during tests 
Lh~ subject 1~ almost completely 
wrthout t~act1on, as though he 
were gravity-free in space. 

Search For Aerospace Product Quality Aided 
By Temperature, Humidity, Fog Chamber 

The never-ending search for 
quality among aerospace com
panies is constantly leading to the 
development of highly-advanced 
testing devices. 

One such device developed by 
one of the companies- as a means 
of testing under changing tern-

Stress Points Found 
By Color Process 

Rainbow colors are helping 
aerospaee engineers determine 
points of stress in components that 
go to make up Little Joe II launch 
vehicles. 

As models of components, coat
ed with a thin layer of special 
plastic, are subjected to va rious 
tresses, patterns form in various 

colors indicating areas of strain. 
When viewed through a photo
stress meter, the stress po ints can 
be charted. 

The method allows engineers Lo 
simulate stiffness and configura
tion of a component without 
building an actual par t and is . il 
qu ic~ and accurate method of 
analysis in terms of strain and 
load for use by design engineers. 

peratures-is a series of 18 cli
matic temperature chambers rang· 
ing in size from a cube, one and 
a half feet large, to one of six feet 
in width and length and eight feet 
in height. The t emperatur e 
changes provided by these · cham· 
hers range from minus 100 de· 
grees Fahrenheit to plus 500 de· 
grees. 

Humidity conditions range from 
five per cent relative to satura· 
tion, with dew points from 35 
degrees Fahrenheit to 180 degrees 
Fahrenheit. A salt fog chamber 
is used to determine the effect on 
a component or system when it 
has a prolonged exposure to sea 
atmosphere. 

Flashy Technique 

Now they are building air· 
planes with man -made lightning. 

An aerospace company forms a 
part for a transport by setting ofl 
an underwater electrical Aash. The 
bolt creates intense water p~·essure 
which presses a plain piece of 
aluminum into a . teel pattern, 
bending· ·the aluminum into the 
desired form. 
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AEROSPACE R & D GAINS 50% IN 5 YEARS 
PAYING FOR PROGRESS 

26 
Million 

Single Company Earnings 
Investment (After 
in Facilities Taxes> 

1961 

Single Company 
Investment 
in Facilities 

1962 

New Technique Aids Data Exchange 

Between Military And Industry 
The long-sought obj ective of im

proved exchange of data between 
aerospace manufacturers and the 
military activities they support 
appears to be a step closer-due 
to a system called IDI, Improved 
Data Interchange. 

IDI, a product of joint military
aerospace industry initiative in 
trying to find better logistic com
munication systems with each 
other , has been under develop
ment for several years. Service 
testing-now more than 50 per 
cent complete- is being conducted 
by the Army, Air F orce and in 
dustry in the areas of initial pro
visioning, due-in assets accounting, 
design change notices, manage
ment of government contracts, 
packaging, preserva ti on and t rans
porta tion data. 

IDI is a unique method of com
munica ting between the military 
services and the numerous con
tractors who supply them with 

weapons, equipment and spare 
parts. Through the use of stand 
ardized terminology , word length 
and documentation format, IDI 

Photomicrography Spots 
Missile Imperfections 

A technique called photomicrog
raphy is being used by an aero
space firm to locate microscopic 
imperfecti ons in missile compo
nents. 

The technique involves photo
graphing subj ects thro ugh a micro
scope-type lens. Finished prints 
of the greatly-magnified subject 
are then made fo r analysis, docu
mentation and study. 

The firm says prints augment 
many of its reliability control test 
reports, eliminating the need for 
lengthy written reports, reducing 
report prepa1·ation time and fur
nishing a handy reference for fu 
ture testing. 

provides a means fo r rapid ex
change of information between 
data sources and users of various 
types of automatic data handling 
devices. Data may be exchanged 
on manually p repared data ac
cumulation sheets, with punch
ca rd and magneti tapes. 

The system offers hope of COll -

iderablc impro ement over pres
en t methods. Curr ntl ' the De
partment of Defen e establishes a 
framework ' ithin which th e serv
ices operate, but: different int rpre
tations and implem ntation of the 
poll i s oft n r sult in a la k o{ 
compatabilit in pro edural areas 
such as terminolog , do umenta
ti on formats and operational in 
stru tions. 

Since the industrial contractm· 
must design his internal operations 
to satisfy his military customer's 
method of doing business, the in
dUt'ltry must operate with as many 

(See DATA., Page8) 

Change Creates 
Many Effects 

Research and development ac
tivities in the aerospace industry 
have increased approximately 50 
per cent during the past five years. 

This shift in industry emphasis 
has had a far-reaching effect on 
the entire spectrum of U. S. in
dustry. The majority of mean
ingful advances in technology h ave 
been based on the research and 
development efforts of the aero
space industry or developed by 
other segments of industry for use 
in aerospace projects. 

The aerospace industry has 
served as a trailblazer in the nu
~erous facets of technology, rang
mg from new materials to circui
try designs that have compressed 
electronic units into fractions of 
their former sizes. 

Many of these new develop
ments are now used in commercial 
products. The May '62 issue of 
Aerospace described the numerous 
civil benefits from sp ace programs. 
These benefits did not include such 
r:1aj or gains as global communica
tions, navigation and weather sat
ellites. 
~owever , the te chn ol ogic a l 

gam s made by the aerospace in
dustry that can be applied to civil 
uses. can be logically compared to 
an tceb erg: only a few of the 
benefits are visible; the bulk of the 
technological advances are still to 
appear in the commercial market. 

In materials, for example, the 
aerospace industry bas p~one~red 
notably in the use of titan_IUnl. 
This metal , with h igh-strength and 
low-weight characteristic , toda?' 
would still be a laboratory un
osity without the impetus o~ aer. · 
space requirement . Ber lhum 1 

another metal that the aerospace 
industr i u ing. Thi m.etal , 
strono·er than m t ste 1 and h ght
er · th~n aluminum, is being util
ized more and more in aero pa I?' 

produ ts. Aluminum 1· ei ed its 
bigg st boo t from its u ~ a11 
air raft metal. In fact, practically 
every non-ferrous metal owes .it.E 
general usag to the aerospac m-
dustry. . 

M n scientist believe that the 
(See BASIC, Page 1) 



A solid-fuel rocket now in advanced de
velopment stage by an aerospace firm 
will-

Consume more than 
of fuel at the rate 

Use an igniter to start the rocket 
that produces 50,000 pounds of 
thrust-more than the power of 
a turbojet airliner. 

Produce an exhaust flame hot 
enough to melt steel. 

Aerospace Quote 
" I am convinced that our 

aerospace power advantage has 
not only deterred the general 
war threat, but that it also has 
proved itself to be the key to 
deterrence of lesser aggressions . 

" In other words, an aero
space power advantage found ed 
u pon a clear-cut margin of 
s uperiority at the highest level 
of confli ct is fundamental to 
deterrence of aggression at any 
level of conflict and , th erefore 
m ust have first call on our re: 
sources a nd resourcefulness. 

"In 1948, this aerospace 
advantage was the umbrella un
der which airlift power was util
ized to break the Berlin block
ade. In 1950-51, aerospace pow
er permitted gro und forces to 
move under the cover of friend
ly air superiority in Korea. 

"Today, in South Vietnam, 
the functions of jungle mobility, 
reconnaissance, communications 
and application of firepower 
are being accomplished by our 
allies through the air."-Gen. 
William F. Mr:;Kee , Vice Chie f 
of Stwff, USAF. 

AUOSPAC£ 

Work Simplification 
Saves $1 Million 

Intensive emphasis upon "work 
simplification" concepts is cJ'edited 
with saving one aerospace com· 
pany more than $1 million during 
1961. 

Work simplifi ca tion , the organ
ized use of common sens~ to find 
an easier and better way of doing 
work, h as become the firm's key
note and is brought into touch 
with operations through a series 
of specia l Work Simplification 
Conferences. 

Graduates of these seminal's ag
gressively following through' on 
th e theme in their day. t(l . day 
operation s, brou"'ht abou t al:l. esti
mated sav ings of more than $450,-
000 in one department alo:ne last 
year . 
. Exa.mp[es of the work simplifica
~Jon 1111prov.emen ts include sach 
1tems as ~ev1si ng a new method of 
reproducmg photo copies bich 
saved. $16,000, and a rne~h~d of 
s peedmg up t.he multilith ma~hifle . 

Better routmg for mach;~ ols 
1. · t' f - •ueto ' 

e tmm.a ton ° unnecessary trllflS· 
portatwn and getting too] ·- ·' de· 
livered faster are other inst' -Jices 
which brought about savingn~ 
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Ct•iti~ism. and Goals 
This issue of Aerospace carries an article entitled " Defense Bonus

Aerospace Ingenuity" by Col. Richard H. Curtis, Director of the Guided 

Missile and Space Council of the Aerospace lndus~ries Association . 

Colonel Curtis develops, tlu;ough an interesting insight into the future 

and cogent examples from the present, a truth which is clearly evident 

lo many who are associated with the national space and defense efforts 

but, at the same time, is too little understood by many others. His article 

discusses the savings which accrue to the space and defense efforts-a 

defense bonus-through the initiative and ingenuity of aerospace con

tractors, whose search for economy of time and costs, and greater 

performance and reliability finds its reward in high-performance missile 

and space hardware. 

The technological capabilities of the aerospace industry are certainly 

the most important asset which this nation possesses in its space and 

defense competition with Russia. These are a bonus for taxpayers, 

crea ted because the incenti ves of our free enterprise system stimulate 

the industry to research and defense efforts beyond the call of duty in 

hope of financial gain .. The key to advancement is initiative and the 

success of United States efforts in a comparatively short span of time 

rests squarely upon the fact that aerospace companies have been en

couraged to use their initiative with the promise that exceptional 

initiative can be rewarded . Because the Federal government relies 

principally upon industry to provide . tlie research and the hardware 

for its missions in space, the vas t: sums of money spent on defense and 

space each year go primarily to industry-the aerospace industr y. 

Naturally, where such large sums of money and such a high degree of 

ublic interest are in volved , those responsible for the hand ling of the 

~on e)' are open to criti cism. This is historica ll y true of governments 

I ].,. i no less true of the modern aerospace companies . anc · 

Constructi ve criti cism is good. It is healthy whether the subj ect be 

the government or the aerospace ind ustry. Valid criticism serves the 

purpose of keepi ng the subj ect responsive to new ideas and requirements. 

Sometimes, however, criticism is mo re noted for its zeal than for it: 

I ·c Whatever its origi n, however well -inten ti oned it may be, negn-ogi . u 

ti ve crit icism serves primarily Lo distort and confuse logical obj ectives. 

'I he aerospace industry has accepted the challenge posed by the era. 

It has accepted it willingly and its performance has been a so urce of 

national pride. The goal, with public support and understauding, is an 

ever-increasing degree of improvement. 



Col. 'Richard H. Curtis 
(i is Director of the Missile 
~ and Space Council of the 

Aerospace Industries As· 
sociation. A retired Air 
Force officer with wide 
experience in research 
and development activi
ties, he was in charge of 

the preparation and publication of the USAF 
Long-Term R&D objectives for several years. His 
final Air Force assignment before he joined AlA 
earlier this year was that of Chief, Development 
Objectives Division, Directorate of Development 
Planning for Air Force headquarters. Col. Curtis 
holds a civil engineering degree from the Virginia 
Military Institute and occupied a number of in
dustrial positions before joining the military 
servce in 1941 . 

By Col. Richard H. Curtis 
nirector of the Missile and Space Council 

A eras pace I ndnstriPs Association 

A .MONG the diverse segments of the Ameri -
1"\. can economy, the aerospace industry oc
cupies a unique position. Its distinguishing 
characteristics have been shaped largely by 
two factors-its principal customer is the Fed
eral government, and while constantly im
proving management and production tech
niques, the industry has had to respond rapid
ly in the development of the technology re
quired for tomorrow. 

A principal mark of distinction is the very 
high degree of personal risk which aerospace 
industries must undertake to maintain a state 
of economic health and at the same time pro
vide the nation with an effective aerospace 
program. The calculated risk js the rule 
rather than the exception in the industry to-

day. Veterans of the Las Vegas tables would 
pale at the stakes involved, but the ultimate 
payoff is measured in terms of the nation ' 
safety and well-being derived from an ad
vanced, well balanced and progressive aero
space program. 

Intensive produ~t resea rch and development 
must be conducted continuously in this era 
of rapid ly exploding technology to remain 
abreast of and push the "state of the art" in 
the highest levels of scientific investigation 
which hold the key to future advances. Further, 
the industry must maintain an adequate reser· 
voir of skilled human resources and techno
logical facilities for continuity in advanced 
research, development and production, and 
the vigor and industrial creativity to produce 



UMBILICALS 
Reduced: 

VALVES AND REGULATORS 
Reduced: 83% 
RELAYS 

Reduced: 87%, 

Simplic ity is a mark of aerospace 
research progress. It does not come 
easily, but is achieved only by hard 
work and long experimentation.How
ever, the effort is rewarded in im
proved reliability of the product 
For instance, one second-generation 
missile has one-seventh as many 
re lays as its first-generation pred
ecessor, one-eighth as many um
bilicals and about one-sixth as 
many valves and regulators. Its 
"in-the-field" cost is about 40 per 
cent less than equivalent costs 
for the first-generation missi_le. 

the hardware necessary to preserve our civil
ian and mili tary leadership in aerospace. 
Th~s_e resou_rces are available on a highly com
petitiVe basis to the aerospace customer often 

. h ' w1t out an initial significant investment oh 
his ~art. M~a~em_ent, therefore, to -preserve 
the rndustry s Vltahty, must be experienced. 
flexible and imaginative. ' 

The urgency and tremendous costs of the 
nation's aerospace ·program, and the risks in
volved, place a heavy responsibility on indus
try. The responsibility is particularly great 
because of the very newness of the aerospace 
industry and the knowledge that the achieve
ment of significant cost reductions compatible 
with maximum mission performance may well 
he the key to the attainment of our national 
goals in aerospace. Despite the staggering 
technical and scientific advancements it has 
already generated-many of which have valu
able non-aerospace applications as well-.:;.the 
industry is only in its infancy. We have only 
begun to learn about space, how to live in it 
and how to reap its benefits for the welfar; 
of the nation and all mankind . 

We are now, at the end of a decade of aero
space progress, only gearing up for ·future pay
offs in savings and performance. As we learn, 

we will find better ways in which to accom
plish our objectives. Our technicians and 
scientists will find more and more short-cuts 
which will save valuable tax dollars, and con
tinued technoloo-ical achievements will sim-o 
plify and reduce the investment in space hard-
ware. 

It is important to remember that in such a 
long-range program involving the complexities 
which confront us, amongst the greatest co~ · 
tributions to the program's advancement IS 

the imagination, creativity and initiative .of 
the aerospace industry coupled with the Will

ingness of its leaders to invest valuable time 
and funds in the perpetual search for greater 
performance at less cost. 

TI1e hallmarks of aerospace progress-sim
plicity. reliability, flexibility, economy, speed 

-are not easily achieved, especiall y when so 
many of these qualities must be sought simul
tan eously. To grasp the scope of only the 
management problems involved in the devel
opment of a complex modern weapons system. 
one has only to consider that 10,000 individu
al firms and organizations participated in the 
rlevelopment of one of the systems cunently 
in operational use. 

Industry's initiative in aerospace progress 

is not limited solely to technological and scien
tific developments. The search for better and 
cheaper ways of accomplishing the obj ective 
extends to management techniques. Simplici
ty of design, value engineering, program 
evaluation and review techniques, and pro
gressive programs for the procurement of 
parts are only a few of the areas in which the 
industry is assiduously pursuing the utmost 
value for each aerospace dollar spent. 

The aerospace industry believes that the 
contractor on any given project has an in
herent responsibili ty to exercise whatever 
management and technical controls are n~ces
sa ry to bring about every possible direct sa~
ings in the cost of the project. His responsi
bility for cost reduction is an all-encompassing 
effo r t. It begins at the inception of the pro
gram and continues throughout its life. 

One of the most important techniques at · 
the contractor's disposal is that of value engi· 
neering. This is nothing more than a search
ing, item-by-item examination of procedures, 
materials and designs to achieve every possi
ble means of reducing costs without compro
misino- mission performance. Tha savings 
sometimes are small, but they add up quickly. 
A saving of $2.28 on a missile component. 
realized by one company recently, seems 
rather insignificant until it is multiplied by 
the thousands of missiles involved. Other 
individual savin O's are lar00'er . The replace· 

0 • 

ment by the same contractor of a hydro-stattr 
test of missile tanks by the helium leak test 
method resulted in a savings of $241 ,000, and 
- m addition- the test performance was im
proved. 

Daily cost reductions also are realized 
through sound "make-or-buy" decisions, based 
upon the experience of the contractor, and 
investigation of work load, tool availability, 
tooling costs, and other pertinent factors. 
Savings may _be realized in both directions. 
Sometimes it will be more economical to man
ufacture certain items in-plant. At other 
times effective procurement action by an ex
perienced buyer who knows his field intimate
ly can result in signifi cant cost reductions. 

One aerospace company reports that a vigor
ous and coordinated cost reduction effort was 
responsible for reducing costs involved last 
year in a certain weapons system by $16.5 
million below programmed costs. The go~l 
for the same program, this year, is $40 rntl · 
lion and the firm says it is over halfway to· 
ward achieving it. T n the case of yet another 
weapons system, the contractor says the per 
missile cost has been reduced by more than 
70 per cent since prod uction began in 1958-
Meallwhile there has been no impairment of 
the missile's performance. 

Also hearing heavily on aerospace costs is 
the matter of system reli ability-nothing i ~ 
more expens·ive than an operation that fails. 
The matter of reliability is directly related to 
s implici ty. Cotuplex ity inherently lowers sys· 
tern reliabili ty beca use there are more things 
tha t. cau go wrong alld probability of failure 
increases geometrically with the number of 
components. While reliability therefore des 
pends upon a thorough testing program at 
every stage of development, the design con· 



cept is equally, if not more, important. Inten
sive engineering ingenuity and resourceful
ness hold the key to effective system perform
ance. 

Simplicity does not come easily . It must 
be achieved by experience and hard work, 
but the rewards are gratifying. For instance 
one second-generation weapons system has 
one-seventh as many relays as its first-gener
ation counterpart, one-eighth as many um
bilicals and about one-sixth as many valves 
and regulators. There also have been similar 
significant reductions in ground support and 
ancillary equipment. The "in-the-field" cost 
of the second-generation missile is approxi
mately 40 per cent less than the equivalent • 
cost for its predecessor. 

Reliability and economy of operation are 
being achieved by industry through emphasis 
on and increased use of standardized parts 
and components in the development of space 
systems. The variety of components which 
must be developed and thoroughly tested is 
reduced and the larger quantity production 
of more refined items results in lower per 
unit cost. The aerospace industry, acutely 
cognizant of potential savings in the field of 
parts procurement, has taken the initiative 
in assisting the Department of Defense in the 
design of an over-all parts procurement pro
gram to provide greater reliability and savings 
in tlre purchase of aerospace products. 

Simplicity of design , component standard
ization , and thorough system testing produce 
results other than increased reliability and 

~ lower costs. Substantial corollary savings in 

tramrng, maintenance, and base costs are 
achieved through the emphasis which the aero
space industry is giving to these basic funda
mentals. 

Turning to technical and operational con
cepts which will in future years provide sig
nificant results per space dollar spent, one of 
the techniques which offers great hope is that 
of the reusable or recoverable booster. It is 
estimated that the expense of launching a 
satellite today varies from $1,000 to $2,000 
per pound of payload in an orbit 300 miles 
high. Considering these costs in even the 
relatively light one-man Mercury capsule, the 
impact of the over-all national space program 
on the nation's economy is clear. New boosters 
give hopes of shortly reducing the launch costs 
to about $300 or $400 per pound in orbit, and 
other concepts now under discussion may re
duce the figure to less than $100 per pound. 
While the latter figure means 10 to 20 times 
the performance value in comparison to cur
rent prices, it is apparent that the cost of 
launching satellites will still be very e:x.llensive. 

The greatest hope for really dramatic sav
i.ngs therefore hinges on the recovery and re
use of launching vehicles. By using the same 
vehicle for a great number of launchings, it is 
estimated that the per pound cost of placing 
a payload in orbit may drop as low as $25.00. 
A number of conceptual studies are currently 
underway. One concept studied envisions the 
use of large, unmanned, recoverable boost
ers; another the use of a manned, fully recov
erable, single-stage-to-orbit system. Research 
on the unmanned recoverable booster is cen-

tered around the technique of launching from 
open water rather than dry land. Proponents 
of the system contend that the conditions 
which inhibit the size of land-launched boost
ers--transportation problems and expensive 
support installations, for instance-will not be 
present under a sea-launching concept. 

Sea-launch boosters can be towed empty 
with none of the land transportation limita
tions. In fact, if the booster is treated as a 
ship, its size can approach that of medium
sized ocean vessels, giving it a capability of 
putting more than one-million pounds in orbit. 
Construction and assembly of the booster in 
ship-type dry docks would simplify its move
ment by water. Further, by utilizing available 
fabrication facilities costs could be reduced. 
Using existing land-based tracking facilities, 
the boosters could be launched from sea plat
forms , recovered in the open sea and towed 
back to a rehabilitation area to be put in 
shape for another launch. The concepts em
phasized in such a system include size-to 
make the booster as large as practicable-and 
simplicity, ru-ggedness of design and operation 
to improve reliability and reduce over-all 
costs. 

It is estimated that the system, when refined, 
might cut launching costs by a factor of ten. 
Present boosters have not been designed for 
such an operation-nor are those that are 
expected to be available during the rest of this 
decade-but it is believed that this concept 
may be another of the keys to economical 
space exploration in the 1970's. 

The manned single-stage-to-orbit recover-

Even at best, the nation's aerospace program is tremendously expensive. It is estimated that 
it costs $1,000 to $2,000 today to place one pound of payload in an orbit 300 miles high. How
ever, continued study by aerospace companies is providing significant reductions. New boosters 
will cut launch costs to about $300 to $400 per pound in orbit, and the concept of re
coverable boosters offers the potential of launching costs as low as $25 per pound in orbit. 



One of the cost-reduction techniques being pursued by aerospace companies is 
the recoverable booster which would be launched from the sea. The empty 
booster stage then would fall back into the water and float while awai.ting !OW· 
ing to the refurbishment location. Sea launch and reco~ery make the fmal lm~s 
to a booster suitable for the nation 's space transportation needs of the 1970 s. 

able booster system concept is envisioned as 
being land-based with vertical take-off and 
horizontal landing. Having been placed in 
orbit, the booster is allowed to remain in 
orbit until its mission is completed- it is then 
returned to the gro und near the point of 
launch . It is expected that there would be 
little depreciation of the vehicle in this 
~rocess and, with a minimum of refurbishing, 
Jt would he ready for the next mission. 

Constant consideration of concepts for 
achieving greater reliability and savings in
evitably leads to the question of manned 
versus unmanned recoverable boosters. While 
it is easier and more inexpensive to develop a 
system without the man on hoard, greater 
reliability and versatility are possible with 
a man in the system. While certain systems 
no doubt will always serve specific purposes 
better than others, it seems to be generally 
agreed that manned operation and in-flight 
maintenance of space vehicles will lead to 
long-range economies in the national space 
program and should be given the highest 
priority. One of the most practical arguments 
for manned missions is the great number of 
successful missions which would be possible 
by manning the controls. One company in its 
studies of reliability factors very closely has 
calculated that 12 times as many manned as 
unmanned vehicles would he recovered suc
cessfully. 

Still another technical concept which may 

minimize the space costs of the future is that 
of orbital basing, the placement in spac~ of 
manned stations capable of serving as scien
tific laboratories and as mission support and 
control bases for both manned and unmanned 
operations. 

For missions requiring sustaine~ patrol, 
frequent repetition , recurrent samphng, ~nd 
acquisition of scientific data under varymg 
conditions, it is believed that significant sav
ings can result from the establishment of 
semi-permanent mission support stations in 
orbit. The concept would employ a re-usable 
launch vehicle as a scheduied cargo carrier. 
This vehicle would boost small mission vehi
cles into orbit to resupply the "mother" sta· 
tion and to shuttle crews back and forth. 
Mission vehicles would rendezvous with the 
space station for refueling, repair and ex
change of pilots. Such a system would pro
vide great flexibility and an excellent point of 
departure for missions into deep space. 

Technical requirements for reliable orbital 
bases include: the development of effective 
life support systems, modular station struc
tures, precision delivery and de-orbit capa
bilities, rendezvous and docking of payloads, 
orbital refueling systems, interchangeable 
mission modules, and flight data integration 
display systems. The achievement of these 
requirements will enable us to derive maxi
mum utilization and service life from pay
loads which must be launched at considerable 

expense. 
Anyone who is even superficially familiar 

with the nation 's aerospace program realizes 
that in both the technical and managerial 
areas, we are dealina with extremely complex 

b • 
problems. The scope of the nation's effort 1s 

increasing at a rapid pace and the economic 
aspects of the program are concerned not 
only with current operations but with the re· 
quirements of future years. With each addi 
tional factor which must be considered, the 
variables of cost are increased and place a 
still greater premium upon astute manage
ment and timely, sound technical decisions at 
all levels of both government and industry. 

Amount the greatest impediments to sav
ings in the program is the time factor . Virtu· 
ally every aerospace program is working 
against the clock. This means that many in
nova ti ons which hold promise of reducing 
costs, but whi ch thr.eaten to consume va luable 
time, must be withheld until later. There 
must be a constant tradeoff of dollars for time. 

Through repetitive operations, inn ovation >< 
at all levels, and the never-ending search for 
greater r eliability anrl short-cut with out com
promising quality , the industry is successfully 
whittling down the cost of space exploration. 
Even more importantly, it is assiduously build
in g a sound program in which present and 
fut-ure savings will be utilized for a more ad 
vanced and more effective space program of 
the future. 

Acro• pace lnrlu"ru" lfuocf4tlon o/ Amerlr.a, 610 Sloorehom 8,./lrl/ng, Woahlngton 5, D. C. 



Basic Research 
Base Broadens 
(Continued from Page 1) 

next decade will be remembered 
principally for advances in new 
mat~rials . Already visible on the 
honzon are means to create new 
materia ls by linking molecules to
gether to form laraer molecules 
that can be tailored 

0
to a wide va

riety of characteristics. 
The base of basic research has 

broadened so rapidly in the past 
few years that application of this 
formidable body of knowledge can 
be foreseen with only partial ac
curacy. 

The acceptance of technological 
challenge is a hallmark of the 
aerospac~ industry. In the re
search aircraft proaram the in-
d 0 ' U!:? try assumed responsibility in 
1952 for the construction of an 
aircraft capable of Mach 6 speeds, 
and operating altitudes of 250,000 
feet. 

This assignment is roughly. com
parable to tellin a the railroad in
dustry to build 

0 

a trackless train 
that would run on an air cushion 
and travel at 400 miles per hour. 
It meant reachina out for a whole 

0 

~ew set of technological facts. 
The X-15 was built-and ex

ceeded its original performance 
specifications. The technical fall
out has been considerable. For 
example, the reaction controls for 
controlling flight in the very thin 
upper atmosphere were adapted 
for use on the Mercury space cap
sule. The metal used on the ex· 
terior skin will probably be used 
on the supersonic transport. More 
than hardware resulted from the 
X-15. The simulator built to train 
pilots for various X-15 missions 
may someday be the forerun"ner 
of simulators for supersonic com
mercial fli ghts. A pilot on a New 
York-Canberra supersonic flight 
may " fly" the route on a simula
tor several times before taking off 
with his passengers. Today I:e
search aircraft desianers are dis
cussing an aircraf~ capable of 
twice the performance of the X-15. 

Electronics will probably pr?
duce the most exotic results m 
technology. Solid state physics 
has advanced to a point where a 
pocket size computer will perform 
the same function as a computer 
th at today occupies a large room. 
It will also be considerably more 
versatile, and able to detect its 
own shor tcomings and produce 
olutions. This could lead to sue-. ' . ,, · ' cess1ve 'genera t1ons of comput-

ers, each succeeding one possess
ing grea ter " intelligence" 

The aerospace industry's re
search and development in the fu
ture is difficult to assess. One 
noted scientist put it this way: "I 
have been wrong many times. And 
most frequently wheri'I sa id some
~hing couldn'' t be done." 

Navigation Of Spacecraft :From Earth To Moon 
Involves Computer Tracking Of Moon's Center 

Solutions of the mathematical 
problems of automatic moon track
ing have been proposed by scien
ti sts of an aerospace company. 

One can get a layman's idea of 
the problem of navigating a space
craft from earth to moon, if he 
considers the problems involved in 
hitting a target on one merry-go
round with a rifle mounted on 
another. 

Chances of hitting the moon, 
however, are vastly improved when 
mid-course corrections are made. 
But to track and correct automat-

Bat-like Radar 'Sees' 
Way Around Objects 
An aerospace company has de

veloped a r adar. device which may 
allow the blind to discard th~h
canes. 

In its preliminary form, it en
ables a blindfolded person to de
tect and make his way around such 
objects as filin g cabinets, cars, 
trees, and other people. He c< n 
walk toward a wall, locate an open 
door and pass throuo-h it without 

. h' 0 seemg or touc mg the doorway. 
When refined, the firm's scien

tists say, the instrument will locate 
chairs, curbs, steps on a stairway. 

Modeled after a bat's "radar" 
mechani m, it probably will never 
he as sensitive, but the firm says 
it nevertheless is expected to have 
broad applications. 

Bats and their uncanny ability 
to navigate in the dark h ave been 
tudiecl for many years. It has 

f1nally been ascertained that the 
detect obj ects through the bounce
back of their own cry, which is 
often supersonic, completely be
yond the range of the human ear. 
Development of this knowledge 
has led to construction of the bat 
radar system which can be worn 
by a man. 

ically, which is necessary for un
manned spacecraft, requires aim
ing at the very center of the moon, 
and that isn't visible long enough 
for the kind of precision needed 
for navigation in space. 

The moon is in its full disk only 
for an instant each month, and 
most of the other time is flattened 
on one side or is a crescent. 

The basic technique presented 
by the aerospace scientists uses 
simplifying approximations of a 
mathematical formula for track
ing the center of the moon, regard
less of its phases, waxes and wanes. 
~nder their theory, once the m?on 
Is centered all necessary naviga
tional data would be fed into com
puters to determine the amount 
and direction of rocket thrust for 
automatic mid-course correction. 

The scientists proved their 
theory with the aid of a compu~er, 
and in addition to confirmmg 
mathematical techniques, checked 
all the major features of the de
sian of an experimental lunar 
tr;cker the firm is building for 
the Air Force. 

Animated Cartoons Show 
Takeoff~, Landings_ 

One aerospace compB:ny is using 
the animated cartoon technique to 
help unlocl the myster that so~e
times surrounds problems of au
craft takeoffs and landings. 

The technique involves making 
sequen e drawings of the takeoff 
or landing from film made b r spe
cial cameras at either end of the 
runwa . While da light fi lms show 
all the action clearl , only the 
plane's exterior lights and exhaust 
appear as tiny specks of light at 
night. 

With the animated technique, 
engineering illustrators identif 
the li ghts and reconstruct takeoffs 
and landings. 

Pivot Bearing Takes 
Million-pound Load 

A pivot bearing being tested by 
one aerospace company has with. 
stood a load of more than one-mil
lion pounds, one of the largest 
cot;centrated loads ever applied at 
a single loading point. . 

The bearing, 51;2 inches in di
ameter and 3 inches thick, took a 
test load of 1.140,000 pounds. The 
hydraulic cylinder ~sed for load
ina is one of the few m the country 
ca~able of applying a pressure of 
one-million pounds. 

Fluid Injection Used 
To Guide Missiles 

An aerospace company has de
scribed the technique of steering 
a missile by secondary fluid injec
tion-squirting liquid into the noz
zles of the mi5sile. 

The company says the missile 
henceforth will be set on course 
by a thrust vector control sy~te~1 , 
which inj ects a stream of hqmd 
freon into one side or the other of 
the nozzle, as the solid fuel burns. 

Freon a refrigerant, is injected 
into the four nozzles of the missile, 
with the amount of .fluid being 
controlled by varying the diame
ter of the hole . Th injected 
freon produces a shock wave 
which in turn creates a high pres
sure area on on ide of the nozzle 
causing a deflection of the main 
ro ket , haust. 

Th use of this relati ely simp
! r and mor ffici nt fluid vectol' 
ontrol s stem ha se eral a-dvan

tag , . It is light r in weight, 
, hi .h m ans i crca eel rang for 
the missile. Equall ' important i 
the fact that the fluid inj ction will 
permit u , e of prop llaut which 
have more thrust and onsequentl ' 
higher t mperatur s. 
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Data Concept Originated By ,AlA Task Group 
To Improve Movement Of Information 

( Continued from Page 1) 

methods as the military depart
ments have. In the area of initial 
provisioning, the Army has nine 
methods of doing procurement 
husine!s, and the Air Force and 
Navy have four each. Operation 
and maintenance of conversion 
processes for all of these systems 
are time-consuming and costly im
pediments to logistics support. 

The new concept was originated 
in 1958 by a task group of the 
Military-Industry Logistics study 
group which had been organized 
earlier by the Aerospace Industries 
Association at the suggestion of 
the Air Force in an effort to seek 
better means of movement of 
logistics data. 

Following the receipt of the 
task group's proposal, the Depart
ment of the Army and the Air 
Force were selected by the Depart
ment of Defense during the middle 
of 1961 to conduct a service test 
of it. 

These tests indicate that sub
stantial benefits can he gained by 
the military departments and in
dustry. These benefits involve : 

• Reduction of the provision
ing processing time-cycle and the 
elimination of data product sub
missions by contractors, i.e., pro
duction list, preliminary group as
sembly parts list, vendors item 
list ; 

• Early entry of logistics data 
to military supply management 
systems for source code analysis 
and decision-making processes; 

• Mechanization of due-in asset 
accounting to result in compatabil· 
ity of due-in asset records with 

contact management records ; 
• Mechanized updating of de

sign change records to insure cur
rent configuration data at the con
tractor and the military agency 
involved ; 

• Reduction of manual file 
maintenance in contracts manage
ment with the early establishment 
of on-order files by line item and 
related cost data ; 

• Tighter controls over funds 
ear-marked for materiel buys and 
the greater flexibility in repro
gramming of fund allocations. 

The obj ective of these service 
tests is to determine if such an in
novation as IDI can he adopted 
by military departments with a 
subsequent improvement in the 
exchange of data. 

Instrument Identifies 
3-Dimensional Shapes 

An aerospace company has dem
onstrated a compact electronic de
vice which has the unique ability 
to " see" and identify three-dimen
sional objects. 

The device, which promises a · 
variety of exciting space applica
tions, is called an optical desision 
filter. It classifies objects into 
four shapes - cubes, ellipsoids, 
spheres and pyramids. 

The decision filter is said to he 
capable of pinpointing storm cen
ters as they develop, or in distin
guishing live missile warheads 
from decoys, or separating the 
echoes of fish from those of a 
submarine in sonar analysis. 

Huge X-ray Machine Checks Defects 
In Solid Propellant Rockets 

One of the largest industrial 
X-ray machines in existence is now 
in use by an aerospace company. 

It is a new 25-million electron 
volt betatron. Housed in a mas
sive new building, the machine 
gives the company an unsurpassed 

Industry 'Mines' Silver 
:From Photo Plates 
Continued improvements in the 

silver recovery program started 
by an aerospace company four 
years ago are yielding increasing 
"takes" through the sale of re
claimed silver. 

The silver being "mined" is the 
basic ingredient that makes photo
graphic processes possible. The 
silver residue created by .the proc
ess is 91.9 per cent pure silver. 

The "mine" resembles an upend
ed steamer trunk with electric 
motors on top. It is actually a 
catch-tank, connected to the hypo 
tanks in the lab's darkroom with 
a recirculating pipe system. 

After washing the silver from 
unexposed areas of film, the hypo 
is routed through the reclaiming 
tank where the microscopic silver 
particles are removed electrolytic
ally. The hypo then flows hack to 
the darkroom tank to perform its 
silver-removing function again. 

Milking Machine Aids 
Circuit Card Output 
At first glance, it is hard to see a 

connection between cows and mis
siles, hut an ae~ospac~ coml?any
acting with the mgenmty whiCh has 
become the trademark of the in
dustry-has found one. 

It is now using a vacuum pump 
which formerly milked cows ~s an 
aid in the fabrication of prmted 
electronic circuit cards. 

When available laboratory vacu
um pumps fa iled to ~eet speed and 
load requirements m the plate
makin" processes, an employee 
came ~p with the adaptat~on of the 
milking machine to provtde be.tter 
and faster circuit card productiOn . 

Quartz Lamp Produces 
2,000 Degree Heat 

Fused quartz flash discharge 
lamps, capable of hitting tempera
tures of 2000 degrees in milli
seconds, are now being Jab-tested 
by an aerospace company. The 
heat is equivalent to being a few 
hundred yards away from an 
atomic explosion. 

tool for locating potential trouble 
spots in huge solid propellant 
rocket motors. 

The machine operates at nearly 
100 times the power used for a 
human chest X-ray, detecting flaws 
deep inside the giant space boost
ers which, like hidden diseases in 
man's body, can sap their strength 
and destroy them. 

The betatron can X-ray through 
eight inches of steel with only a 
90-second exposure. Older tech
niques would require a two-day 
exposure. 

Its ability to penetrate 20-inch 
thicknesses of steel and mu!!h 
o-reater thicknesses of other dense 
~aterials equips it to inspect a wide 
variety of industrial materials 
ranging from huge weldments to 
castings, forgings, and nuclear re
actor components . . 

Computers Now' Select' 
Exotic Materials 

While exotic metals and com
plex alloys are admirably meeting 
the never-ending demands of su
personic aircraft, missiles and 
space vehicles, the proces~ of se
lectin o· the proper matenals for 

t:> • h critical components IS ecome a 
more and more tedious operation. 

An aerospace company sees a 
speed-up in the offing in the sel~c
tion process, however. It says 1ts 
desi ()'n engineers now look to elec-

n • 
tronic computers for an assist. 

Engineers in the stress research 
and development group recognized 
the value of the computer to the 
design engineers and a system has 
been developed which has enabled 
the computer to emerge as a going 
engineering service. 

The computer's memory tape 
covers some 100 metals and alloys, 
and when the engineers ask their 
questions about the capabilities of 
each or combinations of each, the 
machine will be able to give the 
answer in short order. 

Ingenuity Pays Off With 
Sh ipping Container 

The aerospace industry's initia
tive in perfecting the handling and 
shipping of delicate parts has paid 
another bonus in development of 
a new type of wooden crate for 
shipping windshield glass. 

The newly-designed crate weighs 
only 155 pounds, yet it protects 
more than 1,000 pounds of curved 
windshield glass during shipment. 
I t is capable of being d isassembled 
in minutes and stored fla t or re
~urned flat, and being re-used. 



MISSILES SPACECRAFT HELICOPTERS 

OFFICIAL PDILICATIOI OF THE AEROSPACE I NOUSTRIES USO CIAJIOI OF All ERICA. II C. 

POW.RPLANTS 

VOL 18, NO. 12 DECEMBER. 1962 

AlA Outlines Plan To Aid Labor Surplus Areas 

R & D LEADER 

Research and development activities of the aerospace 
industry accounted for more than one-third of the total 
R & D carried out in the U. S. last year, according to the 
National Science Foundation. The aerospace industry was 
responsible.for $3,964,000,000 of R & D out of a total of 
$10,891,000,000 for all U. S. industry. Technological capa
bility of the aerospace industry is a prime national asset. 

INDUSTRY 

Navy Official Describes Problem Areas 
To AlA Spare Parts Committee 

A Navy official has told the 
Spare Parts Committee of the 
Aerospace Industries Association 
that the primary areas of concern 
in spare parts procurement are the 
cost of parts, the long lead-times 
necessary, the lack of interchange
ability, and quality controL 

Rear Admiral Emerson E. 
Fa-wkes, Assistant Chief of the Bu
reau of Naval Weapons for Fleet 
Readiness and Training, pin
pointed these targets for future 
study and improvement. 

In the matter of costs, he said 
he is aware that costs represent 
advances in new technology which 
he favors, but that " both industry 
and the military have failed to ad
vance our logistic planning and 
management techniques and pro
cedures commensurate with tech
nological progress." 

He said the Navy must maintain 
as many as 500,000 line items of 
su pply, worth as much as $3 bil
lion. 

He called for a reduction in lead 
time in the fabri cation of hard
ware and for additional quality 
control, especially in the engine 
area. 

"Lack of interchangeability is 
another area which raises havoc 
with our dollars," he added. "Fail
ure to insure interchangeability 
forces the Navy into dual stock of 
parts for the supposedly same type 
system, often at the same location. 
This is extremely wasteful of sup
port dollars." 

He said it i " the bits and pieces, 
components as well as systems, 
that give us maintenance head
aches and cause us to buy more 
and more support." 

As an example, he said one item 
with a procurement cost of $22,-
000 can be repaired only to the 
extent of two $1.50 knobs and a 
30-cent indica tor glass. If any
thing else in the system fails, the 
$22,000 investment is lost. 

He said maintenance and up
keep considerations are serious! y 
compromised in new design coJ~
cepts. 

" In our eagerness to build so
phisticated hardware and expand 
our technology, we tend to o er
look one of the basic ingredients 
of the entire program- the indi· 
vidual ," he added. 

16-inch Battleship 
Gun Fires Again 
On Aerospace Front 

Although ingenuity is a trade
mark of the aerospace industry, 
it stretches the imagination to see 
how a 16-inch gun from a United 
States battleship contributes to the 
production of Air Force hardware. 

This, nevertheless, is the case; an 
aerospace company is using the 
breech of a 16-inch gun formerly 
on the battleship USS West Vir
ginia. for the fabricatien of cer
amic nose cones and radomes for 
space vehicles and missiles. 

Fabricating the parts requires 
high-pressure· packing of ceramic 
powders. The gun's massive firing 
chamber, able to withstand forces 
; f more than 30,000 pounds per 
square i11ch, makes an ideal pres
sure vehicle. 

The gun, manufactured in 1932, 
was obtained from an iron and 
steel company. The barrel was cut 
off about 10 feet ahead of the 
breech, the rifling removed and the 
barrel plugged. The breech then 
was installed vextically with a 
hand Tane to open and close it. 

DoD and Industry 
Coord·inate Plan 
The Aerospace Industries Asso

ciation has undertaken a compre
hensive program designed to chan
nel aerospace subcontracts into 
geographical areas which have a 
labor surplus. 

Eighteen members of AlA have 
volunteered to begin a program 
which, if successful, will be ex
panded and maintained as a per
manent effort by the industry. 

The program is designed to 
provide avenues by which the in
dustry can assist economically de
pressed areas through the more 
effective use of qualified sources 
in those areas. 

It is being coordinated by a 
task force from AlA's Small Busi
ness Subcommittee of the Mate
rials Procurement Committee. 
Chairman of the Subcommittee is 
J. W. Hinchliffe, Corporate Co
ordinator of Materiel Activities 
for the Northrop Corporation. 

Department of Defense officials 
have expressed entl1Usiasm for the 
program. Ron M. Linton, Direc
tor of Economic Utilization for 
DOD, has praised the ~ffort as a 
"voluntary attempt by mdustry to 
do somethinu about the labor sur-

. 0 d " plus in depresse areas. 
He said the program is "a dem

onstration of the aerospace indus
try's understanding and concern 
for the problem of unemploy
ment." 

In the beginning the program 
will be limited to depressed areas 
which are specifically de ignated 
by DOD. Pxogress of the effoxt 
will be r viewed every six months 
by th I task force and Mr. 
Linton's office. 

In its initial stages, the search 
for sour es in depressed areas will 
be limited to fi e categories of 
subcontracting. Th categories 
were car full elected on th ba
sis of their applicability to k.'110WJl 

and planned aerospace contra t
ing, and the wide ran ge of talent 
involve l in these pruticular fields. 

The fi ve cate"'ori s: 
1. Electronics devices of a re-
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An Air Force supersonic bomber has: 

1----------------------~~------~······· ... 
• Flown over one million miles in two 
operational years at speeds faster than 
sound-the equivalent of two round trips 
to the moon. 

• Set SAC bomber-scramble rec
ord of 2 minutes, 6 seconds from 
alert to wheels rolling. 

Aerospace Quote 

"It is true that the history 
of the world during the past 
50 years would have been quite 
different if American industry 
had not been the arsenal of 
democracy. Its enormous pro
duction and assembl y facilities, 
its pool of competent managers, 
and its system of supplier re
lationships provided the weap
ons that were needed to turn 
the tide- both in World War I 
and World War IT. 

"Industry's outstanding en
gineering and manufacturing 
capabilities, however, are not 
in themselves enough to meet 
the needs of today' s defense 
establishment. Our industrial 
organizations must possess the 
scientific and technological ca
pacity to create new ideas and 
new designs as well as the man
agement skills needed to bring 
them into being."-Gen. Mark 
E. Bradley, Jr. , Cmdr. , Air 
Force Logistics Command. 

Pilot Display Permits 
All-Weather Landings 
An aerospace company has de

veloped a w,indshield display which 
opens the way to all-weather land
ings by allowing a pilot to "see" 
in zero visibility. 

The displa y consists of symbols 
as on a road map proj ected before 
the pilot's eyes. They give the 
pilot the exact pictorial informa
tion on his heading, air speed and 
attitude, as well as representing 
the runway and horizon. The dis
play then grows in size as the pi
lot's own vision wo uld as he ap
proaches the r unway. 

Actual test flights of the system 
reveal that military and commer
cial pilots fl ying with the display 
for the firs t time were able to rely 
on it completely at altitudes down 
to 50 feet. 

In addition to 1naking all-weath 
er la~dings and take-offs possible, 
~he display .can play a major role 
~ .automat!? landing systems by 
g1vmg the p1lot a method to check 
his automatic approach and land
ing. 
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Aerospa~e Goes Q••a•·tei·Iy 
After 18 years, Aerospace-the offic ial publication of The Aerospace 

Industries Association- ceases monthly publication with this issue. This 
marks the last number of the publication, which was first circulated in 
September 1944. as Planes , the publication of the Aeronautical Chamber 
of Commerce. 

Beginning early in 1963, the monthly publication will be replaced by a 
quarterly magazine, also entitled Aerospace. The 24.-page magazine will 
present a series of full-length articles, reported in detail, on significant 
developments in the aerospace field. 

As a monthly publication, Aerospace has chronicled the growth and 
development of the industry since the days of World War II. The first 
issue under the masthead Planes, reported on a blueprint for demobili
zation and postwar adjustment which was presented to Congress by the 
industry. 

In 1959-reflecting the changing nature of the industry and the 
change of The Aircraft Industries Association to the Aerospace Indus
tries Association-the monthly Planes became A erospace. 

Early issues of the paper give evidence of the vast changes which have 
taken place in the industry since World War II . The first edition re
ported that more than 2,000,000 workers were employed in the aircraft 
industry- an increase of 24.00 per cent over the 85,000 which had been 
employed in 1940. 

The assembly-line concept of aircraft production was at its height 
then, but it soon gave way to emphasis upon research and production as 
the industry delved deeper into space. Today the assembly line is declin
ing as is witnessed by the fact that the industry today hires about one
fourth as many workers as it did in 1944 . 

The circ ula tion of Aerospace meanwhile has risen from a few thou
sand copies of the first issue of Planes, to a current number of approxi
mately 48,000, reflecting the in creased effect which the industry has had 
on the na tion's economy. 

Aerospace deeply appreciates the support and interest which it has re
ceived from its readership through the yea rs. It has endeavored to pre
sent industry's story of its aerospace efforts, achievements and problems 
in an obj ective and readable ma nner. The response received througl] 
the years ind icates it has been successful. 

It is the aim of the Association to maintain the same objecti ve report
ing in the Aerospace quarterly. The firs t issue will be ma iled to all who 
are now on the Aerospace mailing list. 
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Aerospace lndnstries Assocwtwn 

NOTWITHSTAN DI NG the retna,rka~J~ achie\:e· 
ments which have been made 111 the. am o

space field in recent years, 1962 may .stll! a~; 
propriately be called "only the begmmng. 
The decade ahead will see intensive develop· 
ment of high-speed atmospheric flight, broad
er exploration of space, and the landing of 
men on the moon. 

The focal point of tJ1is technological surge 
between now and 1972 will be the develop
ment of vehicles which can transport men to 
the moon and back at speeds of 25,000 miles 
an hour, and ustain them duri11g their time 
in space. 

Simultaneously, a rospace technology will 
pursue the development of radically new air-

craft, with higher speed and with ve rti a! 
take-off and landing capabilitie . 

These elements of national policy will re
quire an acceleration of technological progre 
even beyond that which already taagers the 
imagination. Successful operation of pace 
vehicles requi re improvement in ro ·k t en· 
gines, guidance and communi ation equip· 
ment, light, heat-resi tant con truction mAteri
als, life support units and th r stems 
needed for manned travel mote than 200 000 
miles from the earth. Increa eel airCJ·aft pel'
formance require improved en()'in te hnol
ogy. 

The frontier of aeronauti al tccru10logy al
ready has been pushed into th hypersotlic 



speed range, as experimental aircraft have 
operated above Mach 6. Winged reentry vehi
cles have been designed and are scheduled for 
flight testing in less than five years. Winged, 
recoverable boosters for launching large pay
loads into orbit, and for cruising at hyper
sonic speeds, also are being designed. The 
capability of supersonic transport and other 
high-speed vehicle structures to sustain high 
temperature operation is technically feasible. 
Missile development has progressed into the 
second and third generations for most types, 
and major improvements have been achieved 
in payload capacity, simplicity and ease of 
maintenance. 

The principal target in all technical fields is 
improved reliability-virtually 100 per cent 
requirement, according to leaders of the 
United States space effort. Long duration 
manned space operations and high tempera
ture fli ght in the atmosphere set reliability 
standards which exceed any yet achieved with 
mechanical or electrical devices. 

Achievement of this reliability goal in less 
than ten years involves the largest organized, 
analytical and experimental research effort 
ever undertaken. The effort must provide a 
greatly improved understanding of the physi
cal phenomenon governing the behavior of 
materials at very high and very low tempera
tures, when under the influence of various 
forces. It also must yield more trustworthy 
principles of design, and new methods of pre
vision manufacture. 

While long-term predictions of the precise 
directions in which technology and industry 
will develop under the impetus of space travel 
and high-speed fli ght are an obvious impossi
bility, the broad trends in technical develop
ment and a general outline of the technology 
which will be required by 1972 can be pre
sented. 

This information forms the basis for a pub
lication recently released by the Aerospace In
dustries Association . The report is the Aero-
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1962 1967 1972 

Progression from unmanned and minimally manned earth-orbital 
and deep space vehicles to more manned missions and larger 
crews will create increasing requirements for space simulators. 

space Technical Forecast 1962-72, an outline 
of trends and requirements in the aerospace 
field, for use by the Department of Defense, 
and other government agencies and industrial 
groups concerned with aerospace technology. 

The Fa recast is divided into eight sections. 
The first section , designed to establish a back
ground for the requirements discussed in later 

sections, is a discussion of environmental 
trends. The primary objective of space ex
ploration is to define space environment. We 
must know much more about cosmic radia· 
tion, solar storms, meteroid showers, the dust 
cloud around the sun, and other mysterious 
phenomena before man can venture with con
fidence to altitudes of 300 miles or more, and 

ELECTRONIC SYSTEM RELIABILITY 

1967 
New electronic equipment with much greater reliabil ity than current 
systems must be developed to meet stringent future requirements. 

1972 
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1962 1967 1972 
Memory capacity for ground based data processing equipment is expected to increase one 
million times. This is primarily due to the size of military operations theaters, increase 
in destructive power and variety of weapons, and the decrease in time for action. 

eventually to the moon. 
I dd ' · n a ItiOn to the natural space environ-

me~t, an aerospace system is influenced by the 
envnonment it crea tes for itself. throuah such 
things as rocket engine vibrati ~n and 

0

bound
ary layer noise. It is often difficult to distin
~uish between the effects of natural and in
duced enviro nments, but together they deter
mine the form and operating characteristi cs 
of aerospace vehicles. 

The other sections and a summary of the 
trends which they discuss a re: 

System Trend~-There will be a require
ment for at least ten times as many major 
training systems, and training si~ulators 
which provide combined environmental 
~tresses will become more important. Elec
tronic equipment will be required for presen
tation of stimuli and analysis of the pilot's re
sponse, as well as the pilot's physiological 
status. 

The most critical requirement of aerospace 
equipment, as mentioned earlier, will be an 
increasingly higher order of reliability. The 
Forecast predicts an improvement in reliabil
ity of electronic systems as much as 100 times 
,zreater than today. An entirely new method
ology must be develop to obtain the necessary 
reliability of space missions. It is virtually 
certain that redundant systems incorporating 
self-checking, fault-locating-and-indicating , 
self-organizing and adaptive features will have 
to be devised. 

Cooling system requirements in both heat 
load and temperature range have expanded 
tremendously during the past decade, and this 
expansion is expected to continue during the 
next ten vears. Cooling systems must be cap
able not only of maintaining satisfactory en
vironments during extended space flights, but 
also during the tremendously high heating of 
atmospheric re-entry . The primary change 
foreseen is that cooling systems will operate 
in small , well-defined areas, as contrasted to 
cooling for overall environmental control. 

Electronic systems and subsystems also 
must be infused with much greater reliability. 
Very few have adequate reliability today. New 

demands will be placed on guidance and navi
gation computers carried aboard vehicles. Re
duction in size, weight and power consump
tion by a factor of 10 will be needed for most 
systems and for a few the reduction factor 
will have to be 100. Use of data processors 
also will be increased, and emphasis will be 
upon automatic programming to remove the 
serious bottleneck which programming now 
creates. 

Propulsion Trends and Requirements-The 
Fore cast predicts that development will start 
in the next decade on a single chamber rocket 
engine producing 6-9 million pounds of thrust. 
This means that by clustering this engine, 
booster power in the range of 25-60 million 
pounds of first-stage thrust can be produced. 
The Nova cluster booster is currenti'y. aimed 
at 12-15 million pound.s of thrust. 

Engine life of rockets also will increase 
sharply from the prese~t 5,000 seconds to 
more than 60,000 seconds. This predicted 
growth is based on the need for more strin
gent, repetitive testing to develop ultra-high 
reliability engines for all types of manned 
space flight such as ferry, exploration, resup
ply and rescue, and the ultimate operational 
use of recoverable ·boosters. 

In the air-breathing category of engines, a 
variety of new types promising greater flight 
capabiilties are in the preliminary design · and 
experimental stage. Turbine engines, through 
their high power-to-weight ratio and their 
promise of good reliability, have made verti
cal take-off and landing aircraft possible. But 
further improvement is needed in these two 
design areas before V/ STOL aircraft can seri
ously challenge conventional fixed wing air
craft economically. 

Solid propellant engines will be used pri
marily in military vehicles and sounding rock
ets during the next decade, with their space
booster role broadening toward the end of the 
forecast period. Improvement in construction 
materials is a key element in the advancement 
of solid rocket performance. Another vital re
quirement is better cooling techniques. 

Materials-The temperature resistance of 

refractory metal alloys will increase about 
1,000 degrees Fahrenheit during the next ten 
years. Plastic materials will increase between 
500 to 1,000 degrees F. for short-term appli
cations. Lack of proper materials is a major 
difficulty in the development of most high
performance aerospace vehicles. 

The tensile strength of glass fiber , rein
forced plastics is expected to increase from 
200,000 pounds per square inch to 300,000 
psi during the next decade. This means that 
in an application such as a rocket . motor 
casing, the structural weight can be reduced 
by one-third. 

The present rate of development in struc
tural adhesives must be maintained. A major 
need is for adhesives to attach insulation to 
the wall of liquid hydrogen tanks. At present 
there is a limited selection of adhesives which 
will provide good structural bonds at cryo-
genic temperatures. : 

Use of ceramics for thermal protection sys
tems will increase particularly in advanced 
space vehicles. Although not generally em
ployed as structural materials, ceramics show 
promise for applications where extremely high 
temperatures are encountered. 

The trend in coatings and finishes is to de
velop coatings which serve the dual purpose 
of providing protection during the mission 
and reliable corrosion protection during long
time storage under adverse conditions. Trends 
in sealants, elastomers and lubricants also are 
outlined in the Forecast. 

System Components - Electronic compo
nents have chan,ged drastically in the past ten 
years, but more radical changes are expected 
in the next decade. Use of micro-miniature 
parts and molecular electronic construction 
are expected to increase by at least 20 per 
cent and perhaps as much as 80 per cent. Use 
of conventional parts will decline by the same 
percentages. 

Mixing conventional resistors, capacitors, 
printed circuit boards, transistors and tubes 
with miniaturized whole circuits will continue 
in the pattern that has been developed in re
cent years. Although the emphasis will be on 
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A logical expectation in the next decad~ i_s the devel_opment of a sing_le thru ~t chamber eng!ne produ~ ing_ as 
much as 9 million pounds of thrust. AntiCipated multJ·stage rockets Will requ1re booster engmes of this s1ze. 

subminiature elements, the long backgr ound 
of experience available for the manufacture 
and application of conventional components 
will keep them in U:se on a decreasing scale. 
This means there still is an urgent require
ment for improved design and hetter quality 
control for conventional components. 

Electrical power components will have to 
meet a variety of power needs, since space mis
sions may have durations from a few h ours to 
the order of ten years, and require power lev
els from a few tens of watts to tens of mega
watts. Most attention will be given to solar 
cells, thermoelectric converters, f~el cells nu
clear reactors, connectors, relays, generators. 

Ground Support Equipment- As the per
fo rmance of all types of systems is increased . 
operating environments are broadened and re: 
action time is shortened , more support equip
ment will ·be necessary to insure the proper 
function ing of aerospace vehicles. 

The rapidly accelerating shift toward auto
mation is the most important trend in ground 
support equipment today. Countd own pro
cedures, which depend on many manual oper
ations, will become automatic th rough com
puter applications. 

The trend of elimin ating laun ch area check
out will initially lead to more complexity in 
container design. The container will become 
the last major checkout point, an d will have 
test points and ecrui pment built in. As reliabil
ity increases and checkout requirements de
crease, containers will become less complex. 

Launch sites wiU become more hazardous 
as boosters grow larger , use such cryogenic 
propellants as liquid oxygen and hydrogen, 
and have more and larger fi rst-stage engines. 
Because of these factors, real estate require
ments for launching pads will be increased. 0£ 
interest to the taxpayer is the fact that the cost 
to launch, per pound of payload, will be grad
ually reduced through perfection of design 
and operational techniques. 

The strategic weapon system of tbe next 
decade will be primarily the intercontinental 

ballistic missile, which is graduaily becoming 
less complicated and more r eliable, with faster 
reaction time. ICBM launch sites will require 
more underground installations hardened 
against nuclear a ttack. These sites are multiple 
missile complexes which are very expensive. 
Emphasis in the ground support areas will be 
to attain r eliable systems and remote checkout 
capability with a minimum of maintenance. 

Manufactur ing-The dominant influence<>. in 
manufacturing are the continuing evolution 
toward limited quantity production , and the 
decreasing time for development of new tool
ing and processes. T olerances will continue to 
be more criti cal , with fewer structural joints. 

Use of hi e:h-strength , hi~h - temperature and 
difficult-to-form parts will complicate the man
ufactu ring pr ocess. Conventional processes, 
which make up 80 per cent of all p rocessing 
today, will drop to 40 per cent in ten vears. as 
new proresses are perfected and others di s
covered . Welding now accounts for 30 per cent 
of all j oining, anrt mechanical fa"teners, such 
as r ivets, accoun t for 60 per cent. The Forecast 
predicts these fig ures will be reversed b y 1972. 

Despite earlv concen tra ti on of the industrv 
on conto:.~rin g types of numericallv-controlled 
Plachine tools, such as profilers and skin mills, 
the greatest fu tu re growth will oc:cur in p osi
tioning applications such as dr ills. r iveters, 
j ig borers, and in combination capabilities. 

New and special types of numerical cont rol 
mach ines, such as tube benders, lofting, draft 
and dimensional inspection m achines, also 
will become pr ominent. 

Many new unconventional methods for ma
terial removal have sta rted a trend towar d ma
chine tools using the rm al, electrical, elec tro
chemical and chemical r ather than mechanical 
energy as the m aterial se-paration agent. How
ever, conventi onal mechanical techniques
with improvements- will remain dominant 
over the next ten years. 

Plastic materials are replacing metals in 
many areas, and the use of specially-designed 

equipment for plasti c fabrication will increase. 
Unprecedented handling, packaging and 

storing p r oblems will need to he solved, and 
demand for the integration of various manu
facturing processes will increase. 

Testing-An increasingly important part of 
the development cycle for "all aerospace prod
ucts. As a percentage of development costs, 
testing will increase from less than 10 per cent 
in 1940 to a minimum of 25 per cent and a 
maximum of nearly 80 per cent by 1972. 

One of the knotti est problems is the calibra
tion of test instruments to very high accuracy 
standards. The ultimate source of reference 
measures is the Nati onal Bureau of Standards. 
Literally all criti cal measurements made by 
American industry depend upon devices whose 
train of calibr ation can be traced directly 
back to NBS. The maintenance of the pr imary 
standards, the provision of calibration serv
ices and the development of needed new stand
ards are expensive and time consuming. At 
present NBS is unable to meet the needs of 
contemporary technology. Emphasis and the 
necessary fi scal suppor t m ust be placed on the 
pr ompt provision of calibration references for 
the major new technical devices coming out of 
curren t in dustry research. 

Performance tests are made during develop
ment and design to determine the functional 
charac teristi cs of components, subsystems and 
systems. Of increasing importance to per
formance testing is the emphasis upon reli a
bility of product associated with the long dur
ation and cri tical nature of space missions. 
The longtime reliability req uirements will re
sult in increased use of li fe tests early in the 
testing program. 

Mean while, increased aircraft opera ti onal 
speeds and altitudes, and the advent of space 
vehicles have grea tly increased the importance 
of environmental testing . The basic problem 
has been to design facilities to create the re
quired environments. Although pr ogress has 
been made, much remains to be done. 

A<rr'o•paco lndustrie• Assvclat.lcm of Amerka, 1725 DoSales Strcol, 1\'.W. Wa• hington 6, D. C. 



Industry Offers 
Assistance Plan 

(Continued from page l ) 

liability level capable of meeting 
military specifications. 

2. Optics and opto-mechanical 
assemblies. 

3. Electro - mechanical compo
nents of high reliability and/ or 
close tolerance. 

4. Non-common hydraulic and 
pneumatic devices, involving strin
gent performance characteristics. 

5. Manufacturing capability in 
the field of exotic materials. 

Mr. Hinchliffe said common, 
readily available, and highly com
petitive product lines have been 
avoided b ecause their nature 
would produce a low yield of op
portunity in the program. He 
said additional categories of sup
ply sources may be suggested as 
the program proceeds. 

To get the program under way, 
the Department of Defense will 
furnish resumes of firms located 
in depressed areas which have
or appear to h ave-capability in 
the five categories listed. These 
resumes will be channeled to prime 
contractors who are most likely to 
have immediate need of the capa
bilities described. 

In the beginning, such refer
rals will be limited to 30 a month, 
but after initial procedures, in
doctrination and screening meth
ods are established, the number 
may be increased to a maximum 
of 100 per month. 

To prevent the possibility of 
spending unnecessary time on 
obsolete or unverified data, all re
ferrals will be made on the basis 
of a current-or 60-day-physi
cal survey by appropriate govern
ment agencies. 

Every 30 days, the AlA task 
force will meet and review the re
ferrals as a package, taking nec
essary action in directing those 
which offer promise to member 
AlA companies. 

Through normal AlA organiza
tional channels, informal notifica
tion in the progress, use and yield 
of the referrals will be maintained 
during the course of the program. 

Six months after the first en
dorsement of referrals, the task 
force will conduct a review of the 
program's results and report to 
DOD. Similar surveys will be 
made every six months thereafter 
until the program is terminated. 

The program will be continued 
until the objective of all available 
industry assistance to labor sur
plus areas has been achieved, or 
until it appears to both the De
partment of Defense and AlA 
that the concept is not achieving 
~he desired result. 

NAEC Offers Space 
Pilot Booklet 

A new pamphlet entitled Amer
ica's Space Pilots is now offered 
by the National Aviation Educa
tion Council. The leaflet presents 
capsule biographies of the second 
group of men chosen to carry on 
NASA's manned spaceflight pro
gram, so brilliantly begun by the 
Mercury astronauts. The pam
phlet also includes : biographies of 
the six USAF X-20 (Dyna Soar) 
space pilots ; a brief review of 
prospects for women in space; and 
an account of astronaut training. 
Cost is 25 cents per copy; two or 
more copies, 15 cents each, post
paid. Write to NAEC, 1025 Con
necticut Avenue, N.W., Washing
ton 6, D. C. 

Space Exploration Opens ·New 
Frontiers For Fashion Folk 

Wherever science takes mankind 
one can he sure fashions and 
fashion experts will follow. 

The space race is no exception, 
and it too has been invaded by 
experts concerned with what's 
new in space wear. 

While earth-bound fashion ex
perts tangle with the Paris fash
ions, space fashion experts are 
dealing with barrel, cone and box
shaped lines. 

Just off the style-boards is the 
latest moon-wear design. Its shim
mering reflective exterior conceals 
a complex life-support system 
within the layers of the suit. The 
system includes a circulating layer 
of water to regulate temperature 
as well as means of regulating 
oxygen and humidity. Means are 
available for the removal of car
bon dioxide and there are pro
visions for communications, pro
pulsion, and warning devices for 
harmful radiation or suit failure. 

Special insulation is provided 
for the elbows, forearms, knees I 
and seat-areas likely to come 
into frequent contact with the hot 
lunar surface. 

11w one-piece, tailor-made suit 
is entered feet first through a 
spinal opening. The opening, a 
pressure sealing closure, then is 
effortlessly shut by remote control 
from the front. 

The special shoes are made of 
light-weight insulated material to 
protect against surface heat, and 

Chamber Duplicates 
Missile Flight 

An aerospace company now can 
duplicate the actual flight pattern 
of missiles, from pre-launch check
out, blast-off, to deep space pro
pelled flight, thanks to modifica
tion of its advanced space cham
ber. 

The addition of vibration capa
bility to the ultra-high vacuum 
test chamber's extreme tempera
ture range and vacuum conditions 
now enables the company to simu
late environments encountered by 
space vehicles from the time they 
are launched until they reach out
er space. 

The new system added to an 
existing space chamber a 7,500-
pound vibration exciter which en
ables packages or components as 
large a~; 500 pounds to be tested 
in deep space conditions at alti
tudes up to 320 miles and pressure 
at this altitude of roughly one
billionth of the normal sea level 
pressure. 

to aid in walking in the soft lunar 
dust they are strapped to the feet 
like snow shoes. 

The outfit is completed by such 
accessories as plexiglass bubble 
helmet, insulated gloves and. a vest 
for totinO' life support eqmpment 
and an a~ray of working tools. 

Another model due to be seen 
on the better-dressed astronaut is 
a variety of protective covera~ls 
worn over a basic pressure smt. 
One coverall may be selected for 
lunar visits another for orbital ' . 
fli rrhts and still others for mter-
pl~?etary travel and special oc
casiOns. 

One coverall has a nylon fiber 
base coated with an aluminized ' . refl ective substance. Its purpose IS 

to reflect the heat but the silvery 
surface O'ives a dramatic effect. 

0 f . For added effect, the sur ace IS 

coated with versatile plastic used 
in the Echo satellite now orbiting 
the earth and woven into the 
latest swimsuit creations. 

For the casual set, efforts have 
been made to design a "modular" 
suit which would be much easier 
to get into than the conventional 
designs. 

Roasting Technique 
Improves Rockets 

Roasting doesn't improve the 
flavor at one aerospace company 
research center, but it does help 
locate the best possible material 
for protective coating of a rocket 
now under development. 

Squares of rubber-based ma
terials are toasted like marsh
mallows at the test center to see 
which will provide the greatest 
protection for the base of the 
vehicle and launcher during actual 
firing. 

Samples of rubberized materials 
supplied by vendors as proposed 
coatings are submitted to extreme 
conditions for slightly more than 
a second at a time. The heat is 
intended to simulate, as nearly as 
possible, conditions anticipated 
during · launching of full-scale 
rocket engines-exhaust tempera
tures up to 5,000 degrees Fahren
heit, and exhaust velocities to 
7,500 feet per second. 

Some of the materials tested are 
destroyed in a flash by the heat. 
Others are charred but essentially 
undamaged below the surface. 

The protective coating will be 
used to protect the aluminum alloy 
used in construction of the rocket's 
base from the extreme tempera
tures generated by the exhaust, 
and eliminate the necessity of 
using more exotic, expensive ma
terials. 



New Management Tool-PERT
Adds To Industry Lexicon 

As is the case with so many rev
olutionary aerospace programs, 
another new one--a systems man
agement tool-is bringing into use 
a new vocabulary for American 
industry. 

The management technique is 
PERT-Program Evaluation and 
Review Technique--which is com
ing increasingly into wider use. 
The basic PERT system is oriented 
to time but it has now been ex
tended to include cost factors, and 
other selected management dimen
sions are currently being con
sidered for possible incorporation. 

Meantime, where PERT has 
been invoked, one will hear such 
relatively new terms as "critical 
path" and "network." 

"Critical path" refers to the 
series of necessary accomplish
ments, coupled together, which 
take the longest period of time. 
If, in the development of a new 
missile, for instance, it is decided 
to use an existing guidance system 
which has been proven, and an 
airframe and engine which are 
likewise "shelf' items, but the 
payload isn't anything but a gen
eral conception, the critical path 
in the system is the amount of 
time which it will take to design, 
develop tools, fabricate and test 
the satellite and come up with a 
final product. 

The other components represent 
the "short path" category which 
means there is no rush to assem· 

Electron Drill Speeds 
Parts Production 

An electron drill is playing a 
key production role in extracting 
broken tools, drills and taps from 
parts being manufactured. 

Extraction of such broken tools, 
normally a time·consuming proj
ect with the constant threat of 
damage to threads in close-toler
ance holes, is now accomplished 
by creating a series of intermittent 
electron arcs which disintegrate 
the hardest metals. 

In removing a broken tap or 
drill an electrode of approximate
ly h~lf the diameter of the broken 
tool is used and lowered within 
the drilled hole to center a frac
tion of an inch above the broken 
tool. As the arc-pulse sets up, the 
operator feeds it in, much like a 
drill press, and the electrode cuts 
between the core and threads of 
the tap. Coolant, water and a 
primer is pumped through the 
}lollow' electrode, flushing out the 
disintegrated metal particles as the 
work proceeds 

hie them since they would have to 
await development of the payload. 

"Network" in the PERT system 
consists of the events and activities 
on the paths to completion of the 
project. When a particular job is 
completed, it becomes an "event" 
and a group of "events" become 
a "milestone." A series of "mile· 
stones" leads to completion of the 
project and gives managers a pe
riodic check on progress. Thus, 
a manager can utilize his facilities, 
men and resources to get the sys
tem completed on time. 

X-21 To Use Novel 
Skids For Wheels 

New travel concepts have ere· 
ated the need to take another look 
at the traditional rubber-tired 
wheels on modern aircrft. 

The X-20 ( Dyna-Soar), for in
stance, will substitute for wheels, 
skids consisting of wire brushes 
held in place by strong metal 
frames. Atmospheric reentry tem
peratures of 2,000 to 4,000 degrees 
Fahrenheit ruled out rubber and 
created the need for a new device. 

The strains, pressures and at
mospheric conditions of space 
travel and landings also necessi
tate a rigid test program for as
certaining the metal which could 
withstand them. 

The result at one aerospace com
pany has been a new concept of 
testing, which submits metals to 
extremely high and low tempera
tures and high altitude conditions 
in a vacuum laboratory. 

Configuration of the skids re· 
sembles a ski with the front sec
tion curling slightly upward. 

Hydraulic System Gives 
Jet Control 'Feel' 

A new device which enables 
pilots to feel as if they are moving 
the control surfaces of a high
speed jetliner even though hy
draulic muscles do all of the work 
has been developed by an aero· 
space fi rm. 

The system is designed to lessen 
the pilot's workload in the con
vential "hydraulic boost" system 
but simultaneously enable him to 
"feel" the controls so that he won't 
overcontrol. 

Under the system, the pilots feel 
the same sensation as if their con
trols were connected di,rectly to 
the surfaces with the added satis
factien of seeing their aircraft re· 
spond uniformly to their com
mands, regardless of speed, alti
tude or center of gravity location. 
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Teachable Computer Reads Letters, Numbers, 
May Be Able To Carry Out Office Tasks 

If Johnny can 't read, it may no 
longer be such a serious problem. 

·His parents can buy him 
"APPECS" which can do the job 
for him. 

APPECS stands for Adaptive 
Pattern Perceiving Electronic 
Computer System, which can rec· 
ognize all letters of the English 
alphabet and digits as well. 

Although APPECS is still in the 
developmental stage, engineers at 

Low Profile Antenna 
Proves Capability 

A major advancement in an. 
tenna design is reported by an 
aerospace firm. 

The company has developed an 
efficient low profile radiator only 
one·thirtieth the height of conven
tional quarter-wave tower anten
nas. The new radiator resembles 
a hoop mounted parallel to the 
earth. This configuration not on
ly overcomes many drawbacks of 
conventional whip antennas, such 
as those used on police cars, but 
also offers important new appli
cations in .both military and com
mercial communications. 

Recent tests showed that a model 
of the new antenna only two feet 
in height was more than 75 per 
cent efficient compared to a con
ventional 60-foot tower antenna in 
the four·megacycle region. 

The antenna is of particular in· 
terest to services operating in the 
very low frequency region where 
it is impossible to construct natur. 
ally resonant tower antennas. 

one aerospace company think that 
it might be used · for such tasks as 
sorting mail, indexing documents 
and helping to process the moun
tain of paper work generated by 
industry and government. 

Like Johnny, it can be taught. 
It developed its present pattern 
perceiving ability by being 
"shown" the letters of the alpha
bet and repeatedly told what they 
were in electronic language. 

Its memory is a 40·track mag
netic disc. APPECS "sees" letters 
and figures through a pegboard 
arrangement of 256 electrical 
contacts. Its teachers feed it in
structions through a conventional 
teletypewriter keyboard using a 
special code. APPECS then re
cites its lessons in the same code 
which must be converted. 

Tests are being made to deter· 
mine if the system can be taught 
to respond to spoken commands. 

Value Control Training 
Uses Program Technique 

Ten "pioneers" have been ex
posed by an aerospace company to 
a new course called "value control 
programmed instruction." 

The system involves breaking 
down the teaching material into 
small, manageable bits and leading 
the student step by step, with each 
step requiring a response from the 
student, usually in a question 
form. 

The len students were divided in· 
to two teams, composed of engi
neers, purchasers, quali ty and rna· 
Lerial cont ro l and production men. 




