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New Command and Control Capability for Canada

Litton Systems (Canada), Limited can now tion to providing the important advantages in
offer Canadian Defense Forces a wide variety performance, reliability, cost, size and weight,
of land, sea and airborne command and control also provides an excellent vehicle for the
functions, digital information systems, and advancement of Canadian technology in the
other data processing requirements. The microelectronic field. Litton Industries, Data
heart of the command and control system is a Systems Division's, long experience in the
fullymicroelectronicgeneralpurposecomputer design, development and manufacture of
and a number of universal display consoles tactical data systems is now providing these
which provide the necessary interface to per- techniques and know-how to its Canadian
form the computation, display and control associate. Ask us how microelectronics are LITTON SIMPLIFIES
functions. This system incorporates the latest playing a unique role in Canadian command THE COMPLEX
technology in microelectronic circuits and and control capability.
packaging techniques. The equipment, in addi-
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A DEADLY
GAME
OF
HIDE & SEEK
Where's the radar?

TRW Systems electronic

intelligence and jamming
equipment is aiding U. S.

forces to answer this life and

death question. Radar seekers

acquire, identify, and locate

hostile targets in hidden places.

Electronic countermeasure

equipment disrupts enemy

communications and helps

conceal our planes from prob-

ing sensors.

Performance characteristics

are classified, but the accuracy.

reliability, and size and weight

qualify this equipment for many
tactical applications.

If yours is the need to know,

contact Art Sommer at One

Space Park, Redondo Beach,
California 90278.

TRW SYSTEMS



Strike, strike!
Combat proves the Douglas Skyhawk to be as fierce as the hawk
in its element. This alert strike-support jet carries over 11,000
pounds of varied ordnance-bombs, rockets, napalm, and
cannon-over long ranges. It is capable of all-weather navigation,
operates safely with full loads at tree-top levels, and still scores
a high rate of survival. Combat units claim an 85 to 95 per cent
availability and prove a 13-to-i ratio of maintenance to flight
hours. It is fully qualified for Short Airfield Tactical System
(SATS) operations and can be equipped for sod field capability.

And a "zero-zero" Escapac seat isstandard equipment.
Yet the Douglas Skyhawk costs less

than half the price of
comparable close-support jets.

And costs much less to maintain, too.
DOUGLAS SKYHAWK
Aircraft Division, Long Beach, California. U.S.A.



With many of the crucial technological questions about large

solid-propellant boosters now answered, establishing solids as the

workhorses of the rocket age for both defense and space

projects, technological pioneers are turning their attention to

relatively small missiles. There is great potential for small solid

tactical missile advancement, which will stretch the boundaries of

technology and create new dimensions in tactical warfare . . .

New Directions in

Solid-Propellant Rocketry
BY RUSSELL HAWKES

The success of Polaris. Minuteman, industry will be dealing with more U.S. Air Force Space Systems Division

and the big Titan IllC space launch economic and logistic headaches and contends that large solid-propellant

system gave notice, if any was need- fewer technological ones. boosters should be made under the

ed, that solid-propellant rocketry is The problems of manufacturing giant same economic philosophy as canned

destined for a pivotal role in U.S. motor cases, nozzles, and propellant food. That is, there should be essen-

defense and space programs. The grains that are consistently and pre- tially one motor design made larger

flawless performance of the United dictably reliable and inexpensive, and or smaller according to the intended

Technology Center 1.2 million-pound- providing them with satisfactory means mission and packed in a throw-away

thrust (544,320 kg), solid-propellant, of starting, terminating, and vector- can of appropriate size. Robbins holds

zero-stage motors in the first flights ing thrust have been solved. So pre- that such motors will make space

of Titan IlC ended a phase in the his- cisely has the performance of recent operations more economical than they

tory of rocketry by supplying final large motors matched predictions that would be with sophisticated launch

proof that solids can perform the H. L. Thackwell, a leading solid-rocket vehicles capable of flying back to the

heavy labor of the rocket age. design consultant, says it is now launch site for repeated reuse.

With that fact established, the pat- possible to build a solid-propellant In Robbins' opinion, about the only

tern of the next phase is beginning motor of virtually any size with com- part of the large solid rocket in which

to emerge on the blackboards and plete confidence that it will perform technology has not completely ma-

test stands of the U.S. aerospace in- perfectly on the first test firing, pro- tured is the steering or Thrust Vector

dustry. vided that the state of the art is not Control (TVC) system. In other sys-

From now on, technological pioneers stretched in any field except that of tems, progress will be slow, steady.

will concentrate more of their atten- sheer size. and without much controversy.

tion on relatively small missiles. This The brilliant future foreseen for Disagreement about TVC systems

is not to deny that very large solid- enormous solid rockets is based on for large solid rockets now in develop-

propellant launch vehicles still have this assumption, now a safe one, that ment has narrowed down to a choice

their most remarkable achievements new motors can be built to the sizes between liquid-injection systems and

ahead of them. It recognizes that re- dictated by their missions without in- gimbaled nozzles. Liquid-injection sys-

cent accomplishments have made it venting anything new. According to an tems deflect the rocket exhaust by

possible and desirable to construct old aerospace rule of thumb, a 5 per- jetting fluid into one side or the other

large solid rockets using what has cent increase in performance obtained of the rigid nozzle. Gimbaled nozzles

become conservative technology. Doz- by stretching technology adds 50 per- redirect thrust by varying the struc-

ens of U.S. defense officials and in- cent to the cost of developing a sys- tural geometry of the motor. Eventu-

dustry engineers polled by AF/SD tem and about as much to the risk ally, both methods are likely to be

INTERNATIONAL were in agreement that the system will be a failure. Since displaced by the hot-gas-injection

with this conclusion, there is no longer an arbitrary limit technique now entering advanced de-

The crucial technological questions to the size of a new solid-propellant velopment.

about large solid-propellant boosters booster, additional performance can Hot-gas TVC works very much like

have been answered. It is time for best be obtained for the new design the liquid-injection technique except

them to leave the experimental milieu by a corresponding increase in size. that gases from the combustion cham-

and move into the operational arena. The additional cost and risk are slight. ber into the nozzle skirt are used to

In this movement, Government and Colonel Harold W. Robbins of the (Continued on following page)
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boosters. The designers of all tactical
The successful static missiles, especially air-launched mis-
testing of the U.S. siles, are rigidly constrained by the
Air Force's Titan IIC space available in launch vehicles.
120-inchidiameter They are also constrained by the
(305 cm) solid harsh conditions under which tactical
booster, showninthis missiles must function. While big
dramatic infrared space boosters and ballistic missile
photographomade motors can be provided a nursery-
atUnitedTechnology like environment, air-launched missiles
Center's facility atCenoter'sfaclitya must endure prolonged cold-soak at
Coyote, California, altitude, aerodynamic heating to high
helped todemonstrate temperatures, intense vibration, and
the reliability of large highaccelerations.
solid-propellanthghacertos
rokoliy-proelliant To the designer, these factors mean
r t bthat he must get new military capa-
future for large solid bilities the hard way, by stretching
rockets has been

the boundaries of technology.predicted on the now-
safe assumption that One new capability sought by tac-

newmotorscanbe ticians is a wide variability of accel-

builttosizes eration and trajectory for air-to-ground

determined by their missiles. When an offensive missile
iiin. . makes an unforeseen change in veloc-

mnissions, with no

need for basically new ity or track, it invalidates the intercept
adaneedfbsic e calculations for defending missiles
advances in tech-
nology, atcoststhat about to be launched or already on

in today's termnis the way. The leading propulsion com-

are acceptable. panies are now proposing methods
of controlling rocket thrust to permit
slow flight for reconnaissance flight
phases and long-range cruise and
speed segments to evade or penetrate

deflect the exhaust, rather than a spe- 000,000 to develop through its Pre- defenses. In the cold-war arms race.
cial liquid for the purpose. The main Flight Rating Tests, and the 500,000- the ability to deliver this change of
technical stumbling block is the devel- pound (226,800 kg) Titan IIIC zero- pace means that the potential enemy
ment of valves able to withstand the stage booster was developed to the must divert a sizable chunk of his
high temperatures of the chamber same point for the same cost. The technical and economic resources to
gas. Lockheed Propulsion Company 1,000,000-pound (453.600 kg), 156-inch development of super-sophisticated
and Aerojet-General Corporation have (396 cm) motor will be brought to defenses.
demonstrated promising solutions to this point at a cost of only S 90,000,000. At least a limited form of thrust
this problem. With development completed, even control appears feasible for the next

Colonel Robbins believes the ulti- large motors weighing 2,000,000 or 3,- generation of missiles, and it is a
mate TVC method for big launch ve- 000,000 pounds (907,200 or 1,360,800 requirement for the U.S. Air Force
hicles will be nose steering, in which kg) could be produced for about the AGM-69A Short-Range Attack Missile
a top-stage motor does the job for same cost per pound as an automo- (SRAM), which is to extend the capa-
all the stages and doubles as a trim- bile, Robbins believes. bility of the aging B-52 and will also
ming motor to make precise adjust- While large solid rockets have de- arm the FB-111, probably the F-4C,
ments in the burnout velocity of the veloped to their happy status, devel- and, if it is developed, an Advanced
final stage. This would eliminate the opment of small rockets has been Manned Strategic Aircraft (AMSA).
weight and possibility of failure pre- languishing in their fiscal shadow. As a The U.S. Navy has several upcoming
sented by separate TVC devices in result, many qualified judges are con- air-launched missiles that will also
each successive stage of a multistage vinced, every tactical missile motor need advanced propulsion systems.
booster. Nose steering has been used now in the defense inventory is based The Condor air-to-ground missile
with considerable success on the U.S. mainly on pre-1955 propulsion tech- and the ARM-1 and the ARM-2
Army's Nike-Zeus. More advanced ver- nology. These judges predict that, if antiradiation missiles would all reap
sions are in early development by the the Government will pay for aggressive tactical advantages from thrust con-
Air Force. research and development of small trol. The Air Force and Navy face

Looking 10 or 20 years into the fu- motors, it will be repaid with the big- the same problem of whether to
ture, Robbins sees large solid rockets gest step forward in operational mili- choose now between throttleable,
using 1965 technology to boost nu- tary capabilities since the first ap- prepackaged liquid-propellant rockets
clear rockets to altitudes at which the pearance of tactical missiles. The and "wafer motors," which are the
reactors cnuld bn started without cre- reason for this optimism is that funda- first and simplest form of thrust-con-
ating a radiation hazard on the ground. mental advances in propellant chem- trolled solid rockets, or to wait for
Thus, the large solid-rocket program istry, materials, and the nonpropulsion more sophisticated throttleable solid
is an important step in freeing the technologies now make it reasonable rockets.
USAF from earth-orbit limitations. to try for tactical advantages that It is possible that the 2 services

As a measure of the decreasing were clearly beyond reach in 1955. will reach different decisions. Industry
cost of large solid rockets for such The designer of small missile-pro- officials report that many Navy re-
ambitious missions. Robbins points to pulsion systems cannot turn to sheer search and development managers
the fact that the 45,000-pound (20,410 size to obtain the characteristics he look very favorably upon prepackaged
kg) Minuteman first stage cost S125,- seeks as can the designer of large liquid-propellant rockets because of
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One method in solid rockets is to use "wafer motors." Above, USAF AGM-69A missile. From zero power, motor goes to
sequence of 1 pulse of a 40-pulse motor being tested bY Lock- full power, then dies down as wafer of fuel is burned out.

the success of the Martin (now Max- to predict a solid propellant's atten- pound, room is an even more critical
son) Bullpup, which has such an uation characteristics before it is ever factor aboard combat aircraft than
engine. Prepackaged liquid rockets formulated and to make adjustments. weight-lifting capacity, and more pro-
have their propellants stored indefi- Complete thrust control or throttling pulsive energy per cubic inch can be
nitely in the missile tanks and, like is closer to operational reality in packed into the case of a solid
solid rockets, can be launched on liquid-propellant rockets than in solids rocket.
short notice. because engineers have known for The solid-propellant wafer motor or

Liquid propellants also offer higher centuries how to meter the flow of pulse rocket does not permit control
specific impulse, which means more liquids. Controlling the rate of burn- of thrust level but does allow the
propulsive energy for each pound. ing of a rigid grain of solid propellant, motor to be stopped and then re-
In the past, command-guided missiles in which the necessary combustibles started on command several times.
like Builpup tended to use liquid pro- are already mixed, poses a tougher The duration of coasting flight phases
pellants because their exhaust flames problem. between the thrust pulses can be con-
do not interfere with radio command Both types of propulsion remain in trolled so that the enemy faces dash,
signals as much as the exhaust flames contention for the AGM-69A assign- cruise, and coast segments at unpre-
of solid propellants. This factor is ment at this writing. The dominant dictable intervals. Pulse durations are
likely to be of decreasing importance thinking in the U.S. Air Force tends set irrevocably when the motors are
because research by Lockheed Pro- to favor a solid motor because of the cast, but they might not be the same
pulsion Company is producing better factors that have made solid propel- for all missiles of a single type.
understanding of radio signal attenua- lants the choice for most current air- The first successful solid-propellant
tion and reflection by solid-rocket ex- launched missiles. Although liquids pulse rockets are "Cap Pistol" motors,
haust. It is now possible for computers have an advantage in energy per (Continued on following page)

ASA ASA-

Large solid-propellant rocketry has reached such a high level Corporation's huge 260-inch-diameter (660 cmi) solid rocket is
of reliability that one expert has asserted it is now possible to transported by waterway to Homestead, Florida, for test.
build solid motors of virtuallv anY size. Above, Aerojet-General USAFfavors solid propellants, while Nay leans toward liquids.
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which work like the toy guns they after exposure to vibration and a 300- very large ballistic rocket capable of
are named after. Curtiss-Wright makes F range of temperatures. Aerojet-Gen- launching several warheads simultane-
a model which the National Aeronau- eral and Thiokol have made and tested ously. Each could have its own final-
tics and Space Administration uses wafer motors and will provide first- stage motor and terminal-guidance
to control the attitude of Tiros weather class competition for the AGM-69A system to steer it toward its own
satellites. contract. Technical head starts of the particular target. Warheads with

The wafer motor proposed for AGM- type claimed by Lockheed have been evasive-action capability and powered
69A and other new missiles operates known to evaporate in the face of decoy reentry vehicles in the payload
on a different principle. There are no economic factors, could pose a nasty problem for anti-
moving parts, and all propellants are A curious facet of the competition missile defenses.
cast in the single case. A separate between prepackaged liquid-propel- As the guidance experts perfect
.wafer" of propellant supplies each lant rockets and the first generation their art, it is becoming possible to
thrust pulse. Each wafer and its igniter of thrust-controlled solid rockets is develop truly long-range, accurately
are protected from the heat generated the way in which technological prog- guided air-to-air missiles. The prob-
in the preceding pulse by a thermal ress is complicating the problem of lem for the propulsion industry is to
insulating barrier. At every ignition a choosing between them. While solid- develop rockets that will reach out
barrier is shattered and spewed rocket engineers have been striving 20 to 100 miles (32 to 161 km) and
through the nozzle. A pulse motor for a toward specific impulse, environmental yet fit within motor cases not sub-
missile such as AGM-69A would have resistance. restartability, and control- stantially larger than those of present
3 or more wafers and at least 1 would lability for liquid-propellant rockets, missiles with ranges of between 2.5
be a hollow, internal-burning propel- designers of prepackaged liquid rock- and 4 miles (4 and 6.4 km).
lant grain, with a large burning area ets have been trying to overcome the Thrust control can do much to ex-
to produce high chamber pressure advantages of solids with simplicity, tend range by permitting a relatively
and high thrust for rapid acceleration. reliability, ease of production, low low-speed cruise or coasting segment
Relatively low-thrust sustainer wafers cost, and impulse density. The liquid- of flight. Aerodynamic drag, and hence
may be end-burners with smaller burn- propellant rocketeers have enjoyed the thrust requirement, vary with the
ing area but more propellant per cubic comparable success. Indeed, liquid- square of speed, so that slowing the
inch than internal burning grains. propellant rocket engineers at Rocket- missile cuts propellant consumption

If wafer motors are indeed selected dyne Division of North American Avia- sharply.
for AGM-69A. Lockheed Propulsion tion insist that if procurement of Two or 3 years behind the develop-
Company must be regarded as the AGM-69A is delayed a year, liquid ment of the wafer motor are 3 types
leading contender for the propulsion propellants will have an excellent of solid rockets which permit thrust
contract. They claim a 2-year head chance of winning the job. output to actually be throttled as it is
start on competition on the strength Thrust control offers intriguing pos- in airplane engines. They can also
of Air Force-funded predevelopment sibilities to tacticians for other than be stopped and restarted like wafer
work, which has included testing of air-to-ground missions. Air Force is motors.
flightweight motors at simulated alti- trying to drum up support in the Office All the throttleable solid rockets use
tudes up to 100,000 feet (30,480 m) of the Secretary of Defense for a propellants that burn more rapidly and

A LONG STEP FORWARD IN PROPELLANT

Many of the exciting prospects beginning to appear in Engineers at United Technology Center count no fewer
the field of small missile design depend heavily on ad- than 7 new propellant combinations moving toward de-
vances in solid-propellant chemistry made in recent years velopmental maturity, and there is reason to believe there
but not exploited in small missiles or in advances now in are 1 or 2 more that are not discussed openly. High-
the pipeline from the chemical research labs. performance combinations are not moving as rapidly as

While successive generations of Minuteman and Polaris those offering other advantages, but UTC engineers be-
ballistic missiles have had the benefit of the latest propel- lieve they will begin to be available for new missiles
lants their schedules allowed, U.S. Air Force Rocket beginning in 1967. Lockheed Propulsion Company has
Propulsion Laboratory scientists declare that currently developed a double-base nitroplastisol propellant for which
operational small tactical missiles burn propellants formu- it claims the highest specific impulse of any solid pro-
lated mainly from basic chemicals that happened to be pellant yet tested.
on the shelves of the chemical industry at the dawn of the The turn to custom-tailored chemistry has an appearance
rocket age. of almost revolutionary change. Actually, the change is

For instance, the nitrocellulose used is essentially the the result of almost independent developments that have
same as that developed for smokeless gunpowder, and the jelled rather suddenly. Propellant ingredients have evolved
polysulfide rubber binders used in current composite pro- steadily and have only awaited the impetus of new mis-
pellants are little changed from polysulfides used for years sile programs to bring them through the final stages of
to seal swimming pools and fuel tanks. development. The only propellant chemical to remain sub-

In 1941, solid propellants could be made with a specific stantially unchanged has been ammonium perchlorate, now
impulse of 228 seconds, and 25 years later the figure for and for some time to come the most widely used solid
operational propellants has risen only to 248 seconds. oxidizer.
Most of this 20-second advance can be attributed to the Even this ingredient has benefited from improved pro-
use of aluminum additives, which began in the middle and cessing that makes possible precise particle-size control
late '50s. that improves the physical properties of the completed

The next big advance is expected to push specific propellant grain.
impulse beyond 310 seconds. It will be achieved with new Work on light-metal hydride additives has been pushed,
classes of binders, oxidizers, and light-metal additives, and 2 or 3 are ready for application in 1966 and 1967.
which first began to be explored between the years 1958 High-energy propellants being developed by UTC include
and 1962. 4 new oxidizers. Three of them are fluorine-based, and the
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generate more thrust if the pressure withstand the temperature of chamber Maximum thrust of the RSVP motor
in the combustion chamber is in- gas that is not fuel-rich and, therefore, is 30 times its minimum thrust, com-
creased. They are throttled by restrict- relatively cool, as it is in the front pared to a maximum throttling ratio of
ing or opening the chamber exit or by chamber of the Northrop-Amcel motor. 7 to 1 for Lockheed's version of the
injecting fluid from outside to pump Nearly all the major solid-rocket com- single-chamber valved motor.
chamber pressure up to the intended panies are working on this problem, In principle, just about any kind of
level. and reports indicate that the single- liquid, including water, could be used

The most easily produced within the chamber, throttleable solid rocket is to throttle the motor. Chlorine triflu-
limits of present technology is a type on the road to operational feasibility. oride has been used in demonstrations
with 2 combustion chambers. The pres- Aerojet-General has partially side- because it burns spontaneously when
sure-sensitive propellant in the front stepped the valve materials problem it touches the solid propellant and
chamber produces a flow of partly by inventing a novel toroidal or dough- acts as a hypergolic igniter for any
unburned fuel vapor, which is valved nut-shaped single-chamber motor with number of restarts, thus eliminating
through the exit and into the rear the valve stem passing through the the need for pyrotechnic igniters. The
chamber at relatively low tempera- hole in the middle where it is not ex- RSVP motor is not to be confused
tures. There it is reburned with a solid posed to hot gas. Only the head of the with a hybrid rocket, in which one of
propellant containing an extra supply valve is in the exhaust that issues from the main propellants is a liquid and
of oxidizer to consume the unburned a circular slot in the side of the the other a solid.
fuel vapor and release additional pro- doughnut of propellant and funnels The promising future of controllable-
pulsive energy. The valve controls into the rocket nozzle. Aerodynamic thrust solid rockets is owed in large
pressure in the first chamber to vary drag limits the usefulness of this odd- part to advances in high strength-to-
its burning rate and the rate at which shaped motor in the atmosphere. but weight ratio materials that have oc-
it feeds fuel to the second chamber. it may find applications in space ve- curred in recent years. These ad-
A ring of igniters at the front end of hicles and in missile top stages. vances offset performance sacrifices
the first chamber permits successive Fluid injection chamber-pressure that the designers have to make to
restarts. The dual chamber motor is control as a means of throttling solid obtain thrust control. If the perform-
being developed by Northrop Carolina rockets has been tested by several of ance of a rocket is to be varied in
Corporation, formerly known as Amcel the major companies. It has been suc- flight, it is obvious that it must oper-
Propulsion Company. cessfully demonstrated by Lockheed ate at less than its best possible effi-

A simpler and lighter type of con- Propulsion Company and trade-named ciency during part of its mission. since
trollable-thrust solid rocket has only the RSVP (Restartable Solid Variable the motor design can be made opti-
1 combustion chamber. Pressure in it Pulse) motor. mum for only one set of performance
is varied by a control valve which A small amount of liquid is pumped figures.
partially blocks the thrust nozzle into its combustion chamber at a con- Also, the hardware needed to con-
throat. The main problem with this trollable rate to vary chamber pres- trol or pulse thrust takes up part of
simple device is the difficulty of find- sure, burning rate, and thrust produced the weight allowance that could other-
ing valve-cooling techniques and ma- by the high-energy, pressure-sensitive, wise be used for additional propel-
terials that will enable the valve to solid-propellant grain. (Continued on following page)

CHEMISTRY-CUSTOM-TAILORED SOLIDS

fourth is nitronium perchlorate with a higher percentage Development of high burning rates and good physical
of usable oxygen than ammonium perchlorate. properties are getting more attention from propellant sci-

Assuming no breakthroughs, 1 fluorine-based oxidizer entists at the moment than sheer specific impulse. Most
should become available to missile designers in the next industry officials regard this as a short-term trend moti-
3 years and the other 2 some time after 1970. Nitronium vated partly by the sizable resources the U.S. Army and
perchlorate is presently unstable at relatively low tem- Navy are bringing to bear on development of durable.
peratures and is hard to formulate. but it ought to find reliable propellants for high-thrust, rapid-acceleration
applications between 1967 and 1970. The rule of thumb missiles to defend against aircraft and ballistic missiles.
is that it takes from 21/2 to 4 years from the beginning Another motive is the fact that most high-performance pro-
of serious development to ready a new propellant for pellants now in development have rather poor physical
application. properties compared to the common garden-variety propel-

The energetic propellant combinations coming out in lants used in current operational missiles.
the next 2 to 4 years will be tricky to handle and use. A new line of propellants based on cross-linked nitro-
compared to present combinations. They will be more cellulose with excellent physical properties at temperatures
sensitive, and there is a trend toward the use of toxic ranging from -75' F to 160' F (-59' to 71' C) is the source
ingredients, which may raise production and ground-han- of much optimism at Hercules Powder Company, whose
dling problems. AFRPL has built a remotely located test engineers regard Army tactical weapons and air-launched
complex in which rockets with toxic combustion products missiles as the most promising applications for new solid-
can be operated and the hazards evaluated. rocket technology.

Solid-fuel binders have been improved substantially by The Air Force is not pressing any major development
new methods of organizing the structure of polymer mole- or high-burning-rate propellants and will content itself
cules without changing the chemical formulas. The old- with collecting the technological output of Army's Sprint
line chemical companies have been devoting more of their program and Advanced Research Projects Agency's Hibex
top-level talent to the problem of inventing polymers such program. The pacing item in the field is the development
as carboxy-terminated polybutadienes especially for use as of processing methods.
propellants, and the recent accelerated progress is due Among the foremost achievements in the drive toward
partly to this. Further advances in binder chemistry are better physical properties are the gun-launched High-Alti-
likely to be paced by development of other propellant tude Research Project (HARP) case-bonded solid-propel-
components. Iant rockets, which have withstood 8.000-G launches.

Air Force/Space Digest International * March 1966 9



lant. These compromises were not tegrate. In a hybrid, the absence of tial for important cost reductions, but
realistic until the advent of strong, oxidizer particles in the fuel would no one has shown how to realize them.

lightweight cases and nozzles. Now, make this impossible because com- Still several years in the future are
despite the weight of thermal barriers bustion can occur only where liquid air-augmentation systems, which prom-
and igniters, Lockheed has been able oxidizer meets the surface of the fuel. ise to double or triple the range of
to make wafer motors with propellant Aerojet-General has a unique motor missiles that remain within the atmos-

accounting for 87 percent of total mo- concept called CHARM (Consumable phere. Burning indrawn air, in addition

tor weight, which is not too much in- Hybrid Atmospheric Rocket Motor). It to self-contained chemical oxidizers.
ferior to early Polaris missile motors. is an atmospheric research rocket may make possible rockets with spe-

While most top engineers in the which burns its own case in flight to cific impulse equivalent to perhaps
industry rank thrust control as poten- prevent it from falling into inhabited 1,500 seconds. Tests have already
tially the most fruitful new venture in areas. Another successfully tested demonstrated 500 seconds.
solid-rocket technology, those at Aerojet concept is a pulse-fired hybrid In contrast, solid rockets, burning
United Technology Center are inclined attitude-control rocket for spacecraft only the chemical oxidizers they carry,
to disagree. They believe that the which generates 10 bursts of thrust will do well to exceed 300 seconds.
hybrid rocket or the liquid-propellant per second. Martin-Denver and Thiokol have been
rocket is better than any pure solid At the Air Force Rocket Propulsion conducting funded exploratory devel-
rocket for missions requiring thrust Laboratory, scientists do not expect opment of air augmentation, and prac-
control. They contend that thrust con- the hybrid business to boom until the tically every major rocket propulsion
trol will deprive solid rockets of the most energetic usable chemical fuel company has in-house programs under
simplicity that makes them best for is a solid and the most energetic way. Of the solid-rocket engineers
so many missions. usable oxidizer is a liquid. However, questioned, the few who did not rank

As its name implies, a hybrid has they expect that day to come even- controllable thrust as the most profit-
1 solid propellant and 1 liquid propel- tually. Hybrids may find applications able area of new development ac-
lant. While the difficulties of throttling earlier if it becomes possible to make corded that honor to air augmentation.
a hybrid are not negligible, it can be them very cheap. They have a poten- Air-augmentation methods range
done by metering the flow of the liquid
propellant. UTC engineers point out
that this does not require the extra
weight of high-temperature valves or
special thrust-control fluid tanks.

Air Force scientists estimate that
hybrids are now at about the stage of
development liquid-propellant rockets
had achieved in 1949 when the Ger-
man V-2 engine was being scaled up
for the Navaho missile system. plumeof

Military enthusiasm for hybrids has smoke hundreds

fluctuated widely over the years and .
. majestically

at this moment is tepid. However, UTC abovethe260-
management is confident that hybrids inch (660 cm)will have their day and has steadily
funded independent research and de- solidrocket

recently tested
velopment. One interesting concept is
a high-energy hybrid burning nearly successfull by

Aerojet-General.
pure light-metal fuel and a fluorine
oxidizer. Another ambitious UTC idea

pr-oduced approx-is to construct enormous hybrid space
boosters in which the solid fuel con- imately3,000,000

pounds (1,350,-sists of vast numbers of fuel bricks p00nds(1,350,-
bonded together and strengthened by
metal reinforcing rods. for a period of 2

The advantage of this is that the mmutes during
.00- the dramzatic test

bricks can easily be shipped in bulk edraicest
and loaded at the launch site into i rearl Decem-s
boosters that would be much too large s This
to ship overland when completed. striking techno-
Brick-assembly hybrids would not re- logical achieve-
quire an elaborate casting and curing nentmar

true milestone in
plant as do solid-rocket on-site manu-
facturing schemes. In the UTC brick- solids from their
fueled hybrid, the oxidizer envisaged early doubtful
is liquid oxygen, but others might be days to today's
used. reliability.

The brick-assembly method cannot
be adopted for conventional compos-
ite solid propellants because the co-
bustibles are premixed throughout th

grain. Flame could propagate through-
the slightest crack between the bricks
and the propellant grain would disin-
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Bracketed bY
mnicrowave antennaS

to check attenuation

of signal from
'a, i~iexhaust plume,

Lockheed Propulsion's
RSVP motor

performs static test.

New motor combines

features of solid and
Above, the enormous moable nozzle on Thiokol Chemical hybrid technology to
Corporation's 156-inch-diameter (396 ci) solid-propellant seg- allow unlimited
mented space booster is instrumented just before a static restarts and ai
test. Below, in test at Thiokol's facility at Brigham City, Utah, e-
booster produced 1.500.000 pounds (680,400 ke) of thrust. throttleraie.

Propulsion Laboratory. In the JPL
concept, air is injected directly in the
expansion cone of an otherwise fairly
conventional rocket. It makes the noz-
zle adaptive to change of altitude, and
valving the inflow of air provides a
simple method of thrust vector control.

Stla a - ~- These characteristics make the JPL
motor a promising candidate for bal-
listic missile and space booster first-
stage motors, although the rapid
changes of velocity and pressure

from elaborate ducted rockets, in flying test-beds for development mo- make these less than ideal applica-
which some or all of the propellant is tors. For the sake of economy, Doug- tions for air augmentation. A new
burned with ingested air, to simple las Littlejohn artillery missile motor generation of air-augmented boosters
shrouds around the nozzle, in which cases will be used. would probably use flatter ascent tra-
heat and momentum from the rocket Ducted rockets like SPARM have jectories to prolong their advantage in
exhaust are imparted to the air in the secondary combustion chambers and energy per pound of propellant car-
duct. Air Force Rocket Propulsion must be accelerated to supersonic ried.
Laboratory scientists predict that cost speed to operate efficiently. Thiokol The propellant economy of air aug-
and reliability considerations will keep will do this by loading the secondary mentation would be most welcome to
air-augmented rockets out of the de- combustion chamber with solid pro- designers of air-launched missiles.
fense inventory until it is proven that pellant and using it as a booster. At However, the presence of a large
they can get along without complex the end of the boost phase, the nozzle empty duct will tend to make missiles
variable-geometry air inlets, and forward closure will be jettisoned too large for the limited volume avail-

Martin is developing a shrouded to clear the chamber for its air-aug- able aboard combat aircraft. Develop-
liquid-propellant rocket called RENE mented cruise role. Three SPARM ers are contending with the problem
(Rocket Exhaust Nozzle Engine). Un- flight vehicles are about to be flight- of making a short, light duct, yet one
der contract from the Air Force Weap- tested at the Naval Missile Center, which is long enough to permit thor-
ons Laboratory, Thiokol Huntsville Di- Point Mugu, California. ough mixing of the air and the rocket
vision will demonstrate a ducted rocket Air Force and industry engineers are exhaust. At present, it appears that
called SPARM (Solid-Propellant Aug- watching with interest an air-augmen- liquid and solid rockets will derive
mented Rocket Motor). Beech AQM/ tation scheme developed by the Cali- equal benefits from air augmentation.
37A target drones will be used as fornia Institute of Technology Jet
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QUESTION:
what two Canadian sharp-toothed amphibians carry 8 and 14

fully-equipped troops (or 1800 and 4000 lbs. of combat gear)

respectively o can operate out of 1000 ft. airstrips a run on

dependable PT6A turboprops a operate on wheels, skis, floats,

amphibious floats or wheel/ skis a come from a company with

19 years' experience building rugged STOL aircraft o are ideal

for counter-insurgecy, liaison and air-ambulance applications 0

and come in your favorite camouflage?

Chieck:

the Torho-Reaver (nwC-2 Mk 1I1) and Twin-Otter (DHC-6)
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83 airlines benefit

from the reliability of

Pratt & Whitney Aircraft

gas turbines.

Socanyou.

The PT6 turboprop offers the same trouble spots, less maintenance, and world's major commercial airlines,
reliability, high speed, economy and a longer TBO. You can get the same reliability in a
long service as other Pratt & Whitney The PT6 operates more quietly and PT6.
Aircraft gas turbines now serving 83 efficiently, and offers more payload,
of the world's airlines. speed and range than any comparable

The 275-lb., 19"-diameter PT6 en- piston or turboprop engine. Protected t
gine develops 579 ESHP (to 70'F). It air inlets prevent the intake of foreign nterflt Ona8
cruises comfortably and economically objects and reduce gas turbine noise.
below 15,000 feet. It also lets you fly More than 14 models of military and
over weather at 25,000 feet. There are commercial aircraft are now using the *0 su8smnlv or unIEmD C COE

fewer parts in the PT6 than in piston PT6. Pratt & Whitney Aircraft gas tur- A
engines. This means fewer potential bines are reliably serving most of the EAST HARTFORD, CONNECTICUT 06108, U.S.A.

OVERSEAS REPRESENTATIVE FOR:
PRATT&WHITNEY AIRCRAFT- HAMILTON STANDARD* SIKORSKY AIRCRAFT * NORDEN * UNITED TECHNOLOGY CENTER - VECTOR * UNITEDAIRCRAFT OFCANADA LIMITED
REPRESENTATIVE FOR PRATT & WHITNEY AIRCRAFT PRODUCTS. UNITED AIRCRAFT INTERNATIONAL. SARL. 39 AVENUE PIERRE I OF SERBIE. PARIS 80 FRANCE



Canada's military, and the aerospace industry that leaned so heavily

upon it, experienced an economic crisis in the late 1950s. Both

took bold, original steps to recover from that crisis. For the

military, the answer for recovery without reneging on the country's

major commitments was integration of the services. For industry, it

was diversification and export. Today, after a long climb back-

with money saved by the unification being invested in new equipment. and

with Canadian aerospace products being used by many countries-

the air arm and the industry can look forward, with confidence, to healthy,
steady growth ...

Canadian Aerospace
A Tightened Belt and a Clear Eye

BY NORMAN AVERY

Aviation Editor, Ottawa Citizen

In the late 1950s, Canada was trying The shock wave that followed the versified business came slower than
to step ahead of the rest of the world cancellation wiped out half of Can- for others. But the situation has righted
in the supersonic interceptor field. The ada's air industry, and Canadian man- itself, and Canada's maple leaf trade-
Avro Arrow was to fly higher and ufacturers in the aerospace field still mark now can be found around the
faster than any other aircraft in the think back on that time with fear and world and in outer space.
Western World. But while its projected bitterness. While the aerospace-industry men
performance figures were attractive, The lessons of the Arrow were sim- were learning their lessons, the mili-
its projected cost was not, and, with ple: tary planners looked to a much more
a new government in office, the pro- * Don't rely solely on a single de- difficult task. In the post-Arrow days,
gram was ordered abandoned in Feb- fense contract. they had reequipped home interceptor
ruary 1959. Costs had been estimated * Diversify. squadrons with the McDonnell F-101
as high as $2,300,000,000. The cancella- * Get out and compete for export Voodoo, and the North American F-86
tion threw 14,000 out of work overnight trade. Sabrejet squadrons on NATO duty in
and affected some 30.000 altogether. For some, the transformation to di- Europe with Lockheed CF-104 Super

Starfighters. Increased firepower of
the CF-104s over the Sabres abroad
and the Canadian-built CF-100 Ca-
nuc'cs at home allowed a substantial

RCAF units flying trimming of numerical strength. Can-
with NATO forces ada's NORAD contribution was en-
in Europe employ hanced by 2 Bomarc-B squadrons and
the Lockheed-de- an accompanying SAGE system.
signed, Canadair- But an economic imbalance was de-
built CF-104, veloping in the relationship between
comparable to funds spent for buying new equipment
SF-IO4Gs flown by and those for operating it, and drastic
many other NATO measures were needed to head off
air forces. Cana- bankruptcy. In 1954, approximately 43
dair has also built percent of the defense budget went
Starfighters for to buy equipment. It reached its peak
U. S. military aid of 57 percent during the Korean con-
program. flict. But this ratio had fallen so that

in 1964 only 13 percent of Canada's
(Continued on following page)
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lem of defense organization. Knowl- When the dust settled, with the bulk

edgeable military men throughout the of phase 1 accomplished, the depart-
world have been advocating for years ment turned last fall to phase 2, the
the integration of the traditional ser- reorganization at command level. Can-
vices. People such as Field Marshal ada's 11 major military commands
Montgomery, Generals Eisenhower and were combined into 6 commands.
MacArthur, and Marshal of the RAF These are:
Sir Arthur (Bomber) Harris are all on * Mobile Command-The largest of
record as favoring this approach." the 6, it will maintain combat-ready

Mr. Hellyer decided in mid-1964 that tactical air and ground forces capable
Canada should be the world's first of rapid deployment anywhere in the
nation to take the integration step. world.
Accordingly, he placed a freeze on all * Maritime Command-To consist
procurement programs and ordered of sea and air maritime forces on the
scrapping of some equipment pro- Atlantic and Pacific coasts mainly em-
grams. The only aircraft programs can- ployed in antisubmarine warfare
ce ed were those to acquire additional (ASW), but with provisions to supply
Voodoos and Starfighters. sealift to Mobile Command.

To cut costs without diluitinmnilitary The armed forces were to be cut to * Air Defence Command-To main-
strength. Paul Hel/ver, Canada's dynamiC 110,000 by August 1966. But the plan tain combat-ready air defense forces
Defence Minister, planned and carried to drop 13.000 sailors, soldiers, and for NORAD.
out complete itegration of Canada's airmen was carried through a year * Air Transport Command-To pro-
aried force.s, now organiZed function- ahead of schedule. Some 2,500 were vide strategic airlift of men and ma-
ally into 6 intersrice (conunands. compulsorily retired with a special teriel necessary to give the forces

cash settlement, and the rest were the mobility required by their pre-
released at the termination of normal scribed roles.
engagements. This is expected to pro- * Training Command-To be respon-

defense dollars went for equipment. vide administrative savings of $100:- sible for conducting a personnel se-
it was calculated at this rate that zero 000,000 by 1970. lection and classification system for
would be reached in 1967-an embar- The militia and reserve forces were providing training at the basic, ele-
rassing milestone for Canada's hun- cut drastically across Canada, and prd ang at thebsi
dredth anniversary. there was a sharp outcry from units * Materiel Command-To provide

Defence Minister Paul Hellyer, with long battle traditions. logistics back-up for the forces and
whose first task in his new position Integration of the 3 services began be responsible for materiel procure-
was to unravel the defense puzzle. at the top. Duplicated and triplicated ment, warehousing, distribution, and
predicted that by 1967 -we'd be the functions of the armed forces and the majorrepairand overhaul.
best-dressed, best-fed, best-paid-but Defence Research Board were shuf- The Canadian Army brigade group
poorest-equipped-military force in the fled into a single headquarters organ- in Germany and the air division with
world. ization. About 2.000 of the 6.000 head- .

His alternatives were few. He could quarters personnel were cut. continue theirfunctions under NATO
pour another billion into defense. But Information services lost 161 of their andtreporthdire ct o C ndea F O
with the country having experienced a 237 staff members for a saving of S,- andreportdirectlyto CanadianiForces
series of deficit budgets and the cost 000,000 annually; 650 were to lose jobs of the militia, aid to the civil power
of servicing the national debt rising, in the various pay departments: and civil survival, and provincial represen-
there was no overwhelming urge in a one-third cut in recruiting staffs was tation will be provided by small re-
this direction, expected to save S1.200,000 annually. gional offices reporting directly to

Another possible answer would be Canada's forces are recruited from CFHQ.
to cut back or eliminate one or more volunteers only. There will always be sailors, ol-
of Canada's major international com- There were also savings by combin- diers, and airmen, Mr. Hellyer has
mitments to NATO, NORAD, or the ing construction. engineering. commu- declared; they will merely all be in
U.N. This was also rejected. nications, and intelligence services. It the same armed service. The question

"Instead, said Mr. Hellyer, "we de- was found that about 20 percent of all of a single uniform is still in the future
cided to tackle the fundamental prob- materiel was duplicated. and will not likely precede the final

unification at the unit level.
Defense savings from integration will

be spent on new equipment, the De-
fence Minister says. The equipment
portion of the budget is expected to
be back up to 25 percent within 4

447 In place of ambitious years and could amount to $3,000,000,-
A.ro Arrow interceptor, 000 over a decade.
whose cancellation wasa "By establishing priorities and co-
severeblow to Canadian ordinated planning," says Mr. Hellyer,
industry, RCAF air de- .we also intend to even out the peaks
fense units now are and valleys of equipment purchases.
equipped with the With a long-term plan and all con-
McDonnell F-101 cerned devoting themselves to that

- Voodoo. single plan, we should be able to
establish quite clearly when and in
what quantity we have to add or re-
place hardware."

16 Air Force/Space Digest International * March 1966



Just over a year ago, Mr. Hellyer
was able to put Canada's first 5-year

procurement plan before Parliament.
Terming it "not inviolable" in light of
either disarmament progress or a wor- Northernmost of radar
sening of the world situation, Hellyer networks to warn of im-
set the cost at $1,500,000,000. pending bomber attack

Much of the hardware budget is go- against western hemi-
ing to update the equipment of Army sphere is DEW Line, now

personnel. On the air side, the order supplemented by 'v
will include 4 additional Lockheed BMEWS in tracking bal-
C-130E Hercules aircraft to bring the listic missiles. Canada
fleet of Air Transport Command to 24. and U.S. share air
To lend to the air mobility concept in defense in NORAD
the force, 15 de Havilland of Canada partnership.
Buffalo aircraft will be included.

The new tactical support aircraft is
to be the Northrop F-5 Freedom
Fighter. It is to be built at the Mon-
treal plant of Canadair Ltd., and
equipped with J85-15 engines built at
Orenda Engines Ltd. in Toronto. Total
cost is to be $215,000,000 for 125 air-
craft. An improved version, it will be
known as the CF-5 and will enter serv-
ice in 1967. under study to replace the Beech 18s 1965, it was generally expected that

The Navy is to get 6 new ships, 4 now used for communications and exports would again be high.
of them helicopter-equipped destroy- training. Such a small jet would re- The exports ranged from complete
ers, using the CHSS-2 Sikorsky Sea place the C-47 Dakotas, still active in aircraft, such as the de Havilland of

King helicopter, which is produced by the RCAF, and the Canadian-built Canada line of STOL Beavers, Otters.

United Aircraft of Canada. The Navy Cosmopolitans. The latter are being Caribou, and Buffalos, to avionics in

has an order of 32 being delivered refitted with Allison engines, which are U.S. spacecraft and turbine engines
through 1967. These are used as ASW interchangeable with the Hercules for a variety of purposes.

ship-helicopter teams, carrying both powerplants for more economical An example of the vigorous activity
detection gear and armament. maintenance. of industry is United Aircraft of Can-

Canada's only aircraft carrier is to Mr. Hellyer says his 5-year plan will ada's small PT-6 turbine engine, which

be completely refitted this year, in- enable industry to also make plans now powers more than 20 separate

cluding improved accommodations for upon which to budget its technical tal- aircraft and helicopters. Its designers
the Sea King helicopter. Other ASW ent and deter a mass exodus of engi- point out with some pride that Presi-

elements to be improved are the Ca- neers and skilled labor. This has been dent Lyndon Johnson has 2 aircraft in

nadian-built Argus sub hunter, used by a problem since the Arrow collapse. his fleet (King Airs) powered by the
the RCAF, and the Navy's Tracker, Meanwhile, industry has tackled its Canadian engines.

which will be refitted with up-to-date many problems with a solid front in This company has, like many others

detection systems. an effort to keep plants working, par- in the country, diversified its develop-
The Defence Department will be ticularly on exportable specialized ments into many other fields. Another

shopping around the aircraft market- products. Success is reflected in the version of the PT-6, called ST-6, pow-
places of the world for some time. Air Industries Association's 1964 sta- ers a Norwegian launch and is the

Some replacement is needed for the tistics, which showed exports to the first turbine engine in its power class

3 ASW aircraft (the fleet also includes U.S. up $26,000,000 and to other coun- to be approved by the U.S. Navy's
the Neptune), but this is beyond the tries up $33,500,000. Although final Bureau of Ships for marine use. An-

5-year term. Light jet transports are figures had not been compiled for other application in lumber-conscious
Canada is a bush operation in which

it powers a machine that chews wood
into chips for easier handling in paperCANADIAN FORCES COMMAND ORGANIZATION ptoduconf asoera gnoper
and is being used as the propulsion
unit aboard an experimental light

CANADIANtrain.
*ORESA competing jet engine company,

*Q Orenda, is also finding side uses for
its products. One of the most unusual
is a 6,000-kw turbine electric gener-

.URD GROU AIR DIVISION*ator that burns sewer gas. The U.S.
(U E Navy is also interested in Orenda's

ship-propulsion units.
There is exciting activity in Canada's

space industry as well. The country
now has 2 satellites orbiting the earth,

MOBILE AIR MARITIME TAIR TRAINING MATERIEL probing the mysteries of the iono-
COMMAND COMMAND COMMAND COMMAND COMMAND sphere. Alouette 1, which was sent

(Continued on following page)
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tem. have worked their way into space
Equipmen of Air with a bang. Teamed with Montreal's

4 Transport Com- McGill University Space Research In-

iand, operated for stitute and the U.S. Army Ballistics
armed forces by Laboratories, they are engaged in

RCAF, includes HARP (for High-Altitude Research
fleet of 24 Lock- Project). This project sends missiles

heed C-130 Her- into the 75- to 100-mile (120 to 160
cules transports. km) altitude range for about $550 a
They will soon be shot, using a 16-inch (41 cm) naval gun
joined by 15 de at its Barbados launch site.
Harillan'd-built Purpose of the project is to develop
CC-II5 Buffalo space probes at low cost that will
STOL aircraft. make use of the extreme accuracy of

the system. Large self-propelled mis-
siles are vulnerable to surface winds
in their slow liftoff phase. The gun,
on the other hand, fires the missiles
at between 5,000 and 6,000 feet (1,525

. . and 1,830 m) per second and caninto orbit in September 1962, has de- rockets developed by Bristol Aero- ace pinpn acry in sa
. . .achieve pinpoint accuracy in space.livered excellent information in the space Ltd. Work is progressing with powered

Topside Sounder program with the Like the Alouette, the Black Brant is missiles that are expected someday to
U.S. And last November, Alouette B seeking an answer to ionospheric ra- toss a 50-pound (23 kg) payload into
went aloft from Vandenberg Air Force dio problems. Firing into the heaviest a low earth orbit for as little as $50.-
Base, California, to fly a higher orbit belt of the aurora borealis, the Black 000. The total HARP program has cost
for the same purpose. Brant V-B last June lobbed a 247- less than $2,000,000 so far. (For more

Canada is vitally interested in the pound (112 kg) payload of instruments on this program, see "Trends and
ion belts over her northern frontier 235 miles (378 km) into the sky. This Developments," AF/SD INTERNA-
because disturbances in the highly was almost twice the altitude of pre- TIONAL, January '65, page 38.)
charged ionosphere cause frequent vious missiles of this type. Its 1 ton Practical application of the HARP
radio communications blackouts. The (.9 mt) of solid propellant burned for system could be either accurate study
studies are carried out under the In- only 30 seconds and developed 17000 of the ionosphere or possibly altera-
ternational Satellites for Ionospheric pounds (7,700 kg) of thrust. More pow- tion of the nuclear particle contents
Studies, and the results are available erful Black Brants are being built. of belts to achieve an electron bal-
to everybody. Mark IlIl will provide a simple and ance.

Canada's involvement in space pro- economical means of lifting 40 to 100 Computing Devices is also involved
grams is relatively modest but effec- pounds (18 to 45 kg) to an altitude of in programs to study effects of mete-
tive. By 1970, the country will have 100 miles (160 km) and Mark IV is oroid strikes on spacecraft and the
spent $11,000,000 on ionospheric stud- designed for the 500-mile (805 km) phenomenon of intense light gener-
ies. This figure, of course, is kept low altitude range. The latter is the first ated by hypervelocity impact.
by hitchhiking into space, courtesy of 2-stage Black Brant rocket. Experience with HARP led the com-
the U.S. National Aeronautics and Computing Devices of Canada. with pany to the production of solid-state
Space Administration's Thor-Agena B Aviation Electric Ltd. building the electronic units capable of withstand-
rocket. The first Alouette, which made space vehicles and a guidance sys- ing extremely high G shocks. This has
Canada the world's third nation in
space, cost $3,000,000 to design and
manufacture under the guidance of the
Defence Research Board of Ottawa.
Its younger brother cost a bit more,
but the long-range benefits will more
than likely overbalance this modest
outlay.

Foruone thing, it has meant a sub-
stantial step into space for RCA Victor
of Canada, whose engineers designed
the "innards" of the Alouette satellites,
and for de Havilland of Canada, where
the extendable metal tubes for anten-
nas and booms were designed. This i
type of antenna has since gone into .ru

all U.S. Gemini spacecraft and the
last 2 Mercury vehicles. .

Canada has been involved in a cou-
ple of other space probes over the
past few years. First of these is the
Black Brant firings from Fort Churchill De flavilland Bufalo, shown on takeo/j, carries the hopes of Canadas air industre for

on the northwestern rim of Hudson major U.S. production order. When Canada placed order for 125 Northrop F-5 Free-
dom Fighters last year, agreement called for the U. S. to buy 'comparable amount of

Bay.Themfirings are being conducted ateriel from Canada. Buffalo, whose development was financed in part by U.S., is
by Pan American Airways personnel now being tested in Vietnam by U.S. Army, which would like to get a substantial
under the direction of the USAF Of- ;umnher to replace earlier CV-2A Caribou light transports. But Secretary of Defense
fice of Aerospace Research, using McNamara, noting it would overlap USAF transport capability, isn't sure Armv needs it.
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northirop Cl-5A Freid Fnih in RCAF ins.i Canada is spending $215,000,000 for 125 fighters to be built oier a 4-year
period by Canadair and powered b" Orenda-built General Electric 185-15 engines. About I in 10 will be 2-place fighter trainers. With
[p speed of 1,000 nph l.6/0 kin/hr), the CF-5 will perforni both as an interceptor and(i close-support fihlIter with (round forces.

helped growth of their export business. ects on the boards in Canada, but and cooperate on international ser-
Like other Canadian companies that their authors, with a better knowledge vices.

have diversified and are carrying out now of what chances they have of Both were reporting passenger reve-
their own research, CDC has bene- selling to the government, are updat- nue increases in the area of 20 per-
fited from the "spinoff" from space ing present products to a broad range cent and both have announced plans
work. of uses before spending too much (Continued on following page)

One company with an interesting money on new ones.
diversification program is Rolls-Royce Canadair Ltd. has a tilting wing ma-
of Canada Ltd. Mainly involved in chine, called the Dynavert, which is
engine overhauls at its Montreal plant. aimed at the military market for a
the scion of the British firm has small, fast V/STOL aircraft. The com-
formed a subsidiary to build a tracked pany has furnished over $4,000,000 of
truck that shows promise in trials of the $15,000,000 invested to date. The
becoming the badly needed muskeg Government provided the rest.
vehicle for military and commercial Another item that has moved closer
operators in Canada's north. Go-Tract to success is the CL-89 reconnais-
Ltd. has established a new plant near sance drone that was begun in Canada It
Montreal to produce the Demon-100. and is now a joint project with Britain
This 7-ton-capacity (6.4 mt) vehicle and Germany. The recoverable drone
has proven its ability to operate in 4 photographs enemy positions and re-
feet (1.2 m) of wet snow and to wade turns, printing pictures on the way.
through 30 inches (76 cm) of water as Avian Aircraft has developed an
well as over tree stumps. autogyro. Development took a few

Rolls-Royce Canada's principal in- years, but certification is imminent,
stallation caters to the servicing of all and the company has 104 firm orders
engine units working in North America. for the 2-seat machines. It looks for-
This includes a variety of industrial ward to 250 sales at $17,500 per copy.
gas turbines and diesels as well as Douglas Aircraft of Canada recently
aviation engines. Forty percent of all switched from a monitoring role to
civil airline engine time flown in North active production of DC-9 wings and
America is by Rolls-Royce units. The tails in Toronto, swelling the air-indus-
company operates a mechanics' school try work force. De Havilland of Canada
for North American users in conjunc- has built all wings and tails for the
tion with their Dart and Tyne overhaul new jet but transferred their produc-
facility. tion to the expanded Douglas Coim-

The aerospace industry has often pany when faced with doubled orders.
been accused of existing like a "kept It has been called the first aircraft
woman" in Canadian economics. This plant in Canada to be overcome by
accusation grew from the undulating prosperity, but the transfer was made
aerospace economy that has lived on a happy note.
from one defense requirement to an- If the manufacturing side of Can-
other. There have been cases of heavy ada's aerospace industry is humming
pressure to buy a product for the with activity, it can be matched on the
military, just to keep the industry alive. transport side. Both of Canada's major In Ptroject HARP, a itam made up of

This day has nearly passed, and the airlines (Air Canada and Canadian Montreal's McGill Universit Space Re-
. search Institute, Computing Devices of5-year equipment plan is helping to Pacific Airlines) are showing marked Canada, and U.S. Arni Ballistics Re-

write the end of it. Increases in business and have heeded search Laboratory, has fired missiles to
There are several interesting proj- Government orders to bury the hatchet 100-inile (16/1 knil height with this gun.
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This tilt-win, small. fast VISTOL aircraft, the CI-84 D navert, has been developed by Canadair with governmental financial sup-
port. The experimental Dynavert is capable of performing, suIh roles as ground attack, assault transport, helicopter escort or destroy-
cr, (asua/t evacuation, reconnai .ssance, and aerial connand post. The V STOL plane has a forward speed of 350 mph (65 kni hr).

to increase their fleets. Air Canada, a commercial graduates finding no diffi- made a sound reputation building sim-
Government airline, will add the Doug- culty getting jobs. ulators.
las DC-9 to its fleet this year, 2 more More aircraft are being purchased With a variety of complex simulators
DC-8s, and 4 of the enlarged 61-series for both private and corporate flying, operating in several countries, CAE
DC-8s. and some 20 business jets have joined has already sold DC-9 simulators to

Canadian Pacific, whose routes or will join the Canadian scene. It is KLM and Swissair. Export sales over
reach through South America, the Ori- estimated there are 600 aircraft used the past 3 years have totaled $30,-
ent, and Europe, takes delivery in May for private business in the country. 000,000.
on its seventh DC-8, and a new 5-year While most of the small aircraft The 93-company Air Industries Asso-
procurement plan is in the works. The originate in the U.S., a Canadian man- ciation met last November with collec-
stretched DC-8 is a strong likelihood, ufacturer of light aircraft is making tive red faces. A year earlier they had
and there are plans for 3 of the Amer- headway in a difficult market. Found forecast extinction for many of their
ican supersonic transports. Brothers Aviation has a bush plane, members' operations if Government

The 2 airlines have often been at the FBA-2C, rolling off the line at 2'/2 orders were not placed immediately
odds over competition, and CPA is per month. The aircraft is not hand- for defense equipment. The orders did
restricted to a single transcanadian some by pleasure-plane standards, but not come and the industry did not die.
flight daily. The Government has ruled its spacious cabin will admit the odd- The companies' exports lifted sales
that Air Canada must not be forced shaped cargo carried into bush camps and kept the plants humming. Now,
into a deficit position by competition and mining sites. Disposable load is with a long-range defense plan, they
from CPA. But a long-awaited aviation 1,300 pounds (590 kg), and there are should emerge from 1966 with whop-
policy for Canada should finally sort no wing struts to hinder loading. ping profits, and the Defence Depart-
out the differences of the 2 lines. Canada is heavily engaged in avion- ment should be helping by spending

The Government has ordered a study ics and aircraft-simulator building. the fat trimmed from its structure.
of over-all airline service and will deal Canadian Aviation Electronics has
in 3 phases with international, domes-
tic, and regional services. A nagging
problem in Canada is the need for
short-haul lines as feeders to the main
east-west trunk along which most of
the vast country's 20,000,000 people
live.

Such operations, however, are not
profitable and require carriers who are
ideally equipped and franchise-pro-
tected for the job. The current study
is expected to blend the 3 areas of a
operation to produce a long-range
policy upon which planning can be
based.

Canadian carriers take in operating
revenue in the vicinity of $350,000,000
annually, and the profit margin has
been increasing each year. It is now Canadair will deliver 2 of its new "400" transports to LoftleidirlIcelandic Airlines in
about $20,000,000. This health is re- March. The 400, or CL-441, astretched version of the CL-44D4 passenger/cargo airraft,
flected through aviation, with flying is 182 inches (462 cm) longer than the 44D and carries 189 passengers, an increase of
clubs graduating more pilots and the 29 over the CL-44D. Here it departs from Cartierille Airport on an early test flight.
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S r n r e s

Surprise, neutralize, destroy
Guerilla warfare. Shifting, difficult, bitter Over 30 feet long and 71/2 feet wide, the agement, and technical capabilities of the
-full of traps. How do you cope with it? Chinook's cargo compartment can be Boeing Company, have made the Chinook
Against the surprise of guerilla tactics, loaded with Pershing Missile system com- a performance-tested tactical transport.
the U.S. Army can deliver its own brand ponents, or with infantry support weapons
of surprise-right out of its CH-47A or the latest combat vehicles. Because
Chinook transport helicopters. of its large capacity, the Chinook reduces
To pin down the enemy, the Chinook can the number of helicopters needed for an
carry-into areas inaccessible to surface air mobile mission, lessens traffic con-
transport-a complete artillery section, gestion and permits the use of smaller
including two howitzers, ammunition and assault landing sites.
gun crews. All in one load. Now operating with the 1st Cavalry Divi-
Hitting the enemy with troops where he sion (Airmobile) in Viet Nam, the CH-47A
least expects it, the Chinook can debark a Chinook has become the U.S. Army's
fully-equipped combat platoon. And then standard medium transport helicopter. vaeroL. Dx-Isonr-
liftawayin seconds as the last man comes The U.S. Army's foresight, guidance, and
charging off the rear loading ramp. support, joined with the resources. man-



GEMINI
RENDEZVOUS

How North American Aviation rocket engines helped astronauts maneuver in space

1Ilnitalnheghtadjustment %aemace v.:na pa,-craft traveling 2 Fortard boost from c,,o1-
larg eenodf irst witn aoosf rom two 85- pou nod-th rust eng ines. C at its f inal intersecti n gorort w inh 7. This was af ter aseri es
Thismaneuver placed Gemini 6ina higner orbit of maneuvers thattook place during approximately 3Y2orbits.

3 During the final stages of the rendezvous, eight 25-pound- 4 The historic fly-around maneuver was made possible by 16
thrust engines were used to turn Gemini 6 sobotn teams of individual space enginesin each craft, providing the control
a 1crnniJt wer fa> a anor. rc na- 4 I>

The systems o8 sCc.aj rocrt~ j.igie 'Lia aneu- Nrfin Ameican engines poeled al theMercury
vered the NASA Gemini spacecraft were built by flights and will power Saturn and Apollo space
North American Aviation/PRocketdlyne Division. flights. Pioneering new technologies such as
This division is also the Free World's leading space engines is but one way North American
builder of giant liquid rocket engines, and an Aviation contributes to the Free World's growth
important producer of solid-fueled rocket engines, and security.

ANorth American Aviato71 S1lN
European Headquarters: North American Aviation S.A., 29 Ruee a Coulouvreni~e, Geneva, Switzerland



Speaking of Space

The National Aeronautics and Space Administration has suffered badly

in fiscal planning for the coming year. The reason is the Vietnamese

War. The Apollo program stays on schedule, the Gemini program is

proceeding toward completion, but new starts on major space programs

are being deferred. Slowed down is the schedule of the recently

approved USAF Manned Orbiting Laboratory . . .

Wounded in the Vietnam War:
The NASA Fiscal 1967 Budget

BY WILLIAM LEAVITT, Associate Editor

War's casualties are not only on the may not be attainable and that Apollo that the $5,000,000,000 authorization re-
battlefield. The financial pressures of will run over into the 1970s. No quest will be cut even further by Con-
the Vietnamese conflict have taken official in Washington, in or out of gress. That happened last year on
their toll of future plans of the Na- the space agency, will admit it pub- Capitol Hill.
tional Aeronautics and Space Admin- licly, but the fact is that if the Viet- It all comes down to the fact that
istration, which spends most of Amer- namese War gets hotter and costlier, NASA is by no means out of business,
ica's space money and does most of the priority of the moon-landing pro- but is essentially restricted in the
the country's space project planning. gram, once inviolate, will be lowered. manned spaceflight area to the liqui-

The Johnson Administration is ask- It is significant that President Johnson dation of the Gemini program and the
ing Congress for a Fiscal Year 1967 made no mention whatsoever of space execution of the Apollo moon landing.
budget authorization of just over $5,- in his State of the Union address to The agency's proposed Apollo Appli-
000,000,000 for NASA. This sum is even Congress and the nation. cations program, which has been de-
less than what was actually appropri- This is not to say that he has lost scribed in detail in earlier issues of
ated by Congress for the previous Fis- interest in space. Rather it means that AF/SD INTERNATIONAL, is budgeted
cal Year of 1966. In the U.S. Govern- when he tells the nation that America for some $100,000,000 in Fiscal 1967.
ment fiscal planning system, the can afford both wars in which it is en- But it continues to live in the limbo
spending year begins July 1, 1966. gaged-the shooting war in Vietnam it has inhabited for more than a year.
Thus the S5,000,000,000 Fiscal 1967 fig- and his assault on poverty within the This NASA proposal to use Saturn
ure represents the amount of new United States-he does not grant the boosters and Apollo modules for a
money the Administration would like U.S. space effort the same high pri- wide-ranging program of manned
Congress to allow NASA to commit ority. The NASA budget request re- earth-orbital scientific studies as well
from July 1966 through June 30, 1967. flects this view. There was consequent as lunar-orbit and lunar-surface post-

NASA's Deputy Administrator and gloom at NASA's headquarters on Apollo-landing missions has been the
General Manager, Dr. Robert S. Sea- the snowy Saturday afternoon on space agency's prime candidate for
mans, Jr., is candid in his explanation which correspondents were briefed on successor to the current Apollo pro-
of the constraints under which the U.S. NASA's financial position for the com- gram. NASA had asked for at least
space agency is now operating. He ing Fiscal Year. twice as much as it got for Apollo
describes his agency's new funding The sum of $5,000,000,000 is still a lot Applications. It received only enough
request as "extremely stringent," but of money, of course. But it does repre- to retain the program's study status.
still designed to achieve the Apollo sent the lower end of the funding To trim NASA spending plans, the
moon-landing target date of 1969. But scale considered by the Administra- unmanned space science side of
he warns that the NASA budget now tion in the hectic budget-planning ef- NASA took rather a drubbing in the
provides "no funding to take care of fort that culminated with final appeals agency's new budget plan. Its Ad-
major difficulties that might be in- by Government agency heads at the vanced Orbiting Solar Observatory
curred" in the moon program. LBJ Ranch in Texas, where the Presi- project was canceled outright, and its

This remark may be interpreted as dent held court during the Christmas planetary probe program slowed down.
acknowledgment that NASA will prob- holidays. In the latter case, financial restric-
ably have to play a perfect technical Dr. Seamans said that NASA pro- tions combined with the discouraging
game in the achievement of its Apollo posed budget alternatives ranging report from Mars on the possibility
lunar-landing effort. This may be too from $4,800,000,000 to $5,800,000,000 for of life on the red planet and indi-
much to ask of any research-and-de- Fiscal Year 1967. The allotment they cations of an extremely thin atmos-
velopment team. Therefore, it is quite got from the President was nearly phere to delay any Voyager orbiter or
possible now that the 1969 landing rock-bottom. And it is still possible (Continued on following page)
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soft-landing probe on Mars until at Policy, Population, and Polymers
least 1973. Voyager had been de-
scribed by NASA as a $1,000,000,000- There was a time, not very long ago,
plus program. The agency does plan when American Congressmen, except
to send a 1967 Mariner-type probe to for a small band of specialists, took
Venus and 2 Mariner missions to Mars little if any interest in the relationship
in 1969. of science and technology to public

In addition, the nuclear space pro- policy-making. This has changed radi-
pulsion developmental effort in NASA cally in recent years. In the face of the
was barely kept alive and the M-1 vast expenditures and sweeping deci-
chemical rocket-engine project, de- sions of the post-war atomic/space
signed for the 1970s, died. age, Congress is carefully examining

In short, the civil space agency has the impact of science and technology
been given the money to stay on the on America and the world.
track to the moon, to keep advanced A number of Congressional commit-
manned spaceflight programs alive tees have begun to analyze this im-
enough to be dusted off and heavily pact from various points of view. Lord Snow of Britain noted scientist-nov-
funded, if the pressures of the Viet- Among the most highly respected by elist, now a major official in the Labor
namese War should abate, and to con- the scientific community is the Sub- Governmnent, addressed Daddario hearing.
tinue a modest but useful unmanned committee on Science, Research, and
scientific space-exploration effort. At Development of the House of Repre-
the same time, NASA will continue its sentatives' Space Committee. The
efforts in communications, meteorolog- subcommittee is headed by Congress- again. That was why in October 1964.
ical, navigation, and other "working" man Emilio Q. Daddario of Connecti- immediately the [Labor] Government
satellites. This is because such pro- cut, a Democrat first elected to Con- came to power, we set up a separate
grams are paying off economically. gress in 1958. Ministry of Technology. I know this

Mr. Daddario's committee has taken step has puzzled well-wishers here

Military Space what political observers here call the and elsewhere; it has been criticized
"high road" in its continuing analysis in England: It has seemed artificial

On the military space side, the re- of scientific and technological policy- and wrong to separate science and
cently announced Air Force Manned making problems. There are no dra- technology. The choice, however, was
Orbiting Laboratory (MOL) survived matic hearings, no recriminatory in- quite deliberate. It had been deeply
the budget ordeal and will get $150,- quisitions of scientists and technolo- considered for months before the
000,000 worth of Fiscal 1967 funding gists. Rather, the technique is to have election. In the British situation . . .
in the Department of Defense budget. eminent scientists, technologists, and it seemed necessary to give technol-

This is the same figure allotted to other specialists publicly present pa- ogy a special significance of its own.
MOL in the last budget, although all pers on science and public policy, A Department of Science, Technology
the money authorized last year was after which a large panel of noted [and] Education would see technology.
not spent. Air Force MOL planners specialists in the various physical and as usual, by the principle of maximum
had hoped for a much larger author- social sciences discuss the various purity, emerging as very much the
ization for Fiscal 1967 to get the long- theses presented and question the junior and unfavorite partner. So a
delayed MOL project started. The De- speakers. Ministry of Technology was estab-
fense Department had previously indi- For the past couple of years the lished, with a minister of cabinet rank.
cated its intention to deploy manned Daddario hearings, which should be which . . . [in Britain] carries its own
MOLs starting in late 1968. Most ob- more properly called seminars, have weight of meaning. . . . It will take 10
servers, and some Administration offi- had an international flavor. Last year, years to do all that has to be done.
cials, say that the new, low funding of for example, when the subject was the But it will be done. By the end of this
MOL will cause at least a year's delay status of aeronautical research, Pro- decade our economic and democratic
in the project. The Defense Depart- fessor Luigi Broglio, Chairman of the health will be a surprise to our ene-
ment has not officially acknowledged Italian Space Commission and a dis- mies-and perhaps to some of our
this yet. tinguished aerodynamicist, was a friends. . . .

guest speaker. "It is obvious," Lord Snow said,
This year's international guest was "that, in the fields of advanced tech-

the famous Lord Snow, British scien- nology, a country of limited resources
tist-novelist and now Joint Parliamen- cannot do everything. . . . Only [the
tary Secretary of the new British Min- U.S.] and the Soviet Union can do
istry of Technology, that; and I suspect, in the long term,

In his urbane style, he presented a China. We just can't. It is not pleas-
provocative paper in which he de- ant to face, and act upon, that fact.
scribed frankly not only the problems But we have to. We have to make
of scientific policy-making but also some hard choices, deciding where to
the problems and prospects of Britain invest and where not to."
in the international technological com- In those areas where Britain's re-
petition. While he was about it, he sources are too limited, Lord Snow
also predicted the emergence of main- said, the choice will be to make inter-
land China as a major technological national arrangements for research
power by the end of the century. and development.

"By and large," Lord Snow told the "[Britain] can't do everything," Lord
101 Congressional seminar, "[The British] Snow declared, "but that doesn't mean

Congressman Emilio Q. Daddario of Con- technological position is uncomforta- that we can do nothing. Anyone who
necticut directs Congressional hearings ble, and we have got to change it expects [Britain] to abdicate from all
on science, research, and development. before we get our economy sturdy the fields of advanced technology is
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making a mild misjudgment. . . . There tured presentations by such leading presented at the Daddario hearings
is a feeling [in some quarters] that . . . American technologists as Dr. Lee was given by Dr. Charles C. Price of
research and development will be- DuBridge, President of the California the Department of Chemistry at the
come polarized, and that in the West- Institute of Technology; Dr. Charles University of Pennsylvania, Philadel-
ern World, it will all flow to the United Price of the Department of Chemistry phia. He foresaw a scientific revolu-
States. . . . [This] would not be ac- of the University of Pennsylvania; and tion based on the approaching ability
ceptable to us. . . ." Dr. Guy Suits, former Vice President of biochemical science to synthesize

Lord Snow said that in our time, for Research of the General Electric living systems.
one thing stands out, as a warning Company. It may even be possible, he said,

and as a hope." The influence of com- Dr. Suits predicted that polymers, to create living systems based on "en-
puter technology "is going to be the which not long ago-when they were tirely new and different kinds of chem-
biggest technological revolution men called plastic-were barely strong ical structures.
have ever known, far more intimate in enough to be used as toothbrush han- "In the same way that the chemist
the tone of our daily lives, and of dles, are well on their way to becom- views nylon, orlon, and dacron as syn-
course far quicker, either than the ing "the basic structural materials of thetic silk and neoprene, thiokol, and
agricultural transformation to neo- our civilization. silicone rubber as synthetic rubber,
lithic times or the early industrial revo- "The polymer chemist has had a it is fascinating to speculate that we
lution which made the present shape long uphill fight to bring order out of may be able to devise living systems
of the United States. . . . . . . atomic chaos, but he has suc- based on an entirely different set of

"We shall need," he said, "many ceeded in achieving a high degree of chemical components. . . . Certainly
people of different abilities who are orientation and crystallinity in polymer one could envisage many useful re-
at every step of the way studying, con- structures with the result that these turns to society from success in such
trolling, and humanizing [the computer substances are becoming bona fide a venture. We are today dependent
revolution's] effects. . . ." He called structural materials of real conse- on the remarkable 'chemical factories'
this "mixed-uppedness" of personnel. quence. They are already replacing in living systems for many of our es-

"I don't believe that anything can many metals in consumer products, to sential needs-food, fibers, chemicals.
stop . . . the scientific and technical such a degree that in American indus- antibiotics, to mention a few. We may
advance and material progress of all try as a whole, the volume of polymers exhaust our fossil liquid fuel, and it
advanced societies-that is North used in manufacturing products al- may be possible to develop microor-
America, nearly all of Europe, the ready exceeds the volume of steel. ganisms which could efficiently syn-
Soviet Union, and a few more. . . . In This statement takes advantage of the thesize more for our needs," he de-
short, the rich countries will get richer. fact that there is a density difference clared.
Here my anxiety comes in. I wish I averaging about 7 times in favor of Dr. Price urged more U.S. Govern-
could believe that the poor countries polymers. But relative growth rate of ment financial support for biochemical
-containing more than half our fellow- usage is such that polymers will soon research to explore these and other
men-would not get relatively poorer. overtake steel-even on a weight basis potentials.
The more we look at our own scientific -and they may have already done so." The proceedings of the Daddario
and technological problems, the more, Dr. Thomas F. Malone, a meteorol- hearings will be published. Inquiries
perhaps, we comprehend the enor- ogist and Vice President of the Tray- as to their availability should be di-
mous effort that is required by soci- elers (Insurance) Corporation in Hart- rected to the Honorable Emilio 0.
eties which have not had our history ford, Connecticut, another of the Daddario, Chairman, Subcommittee on
and our luck. . . . scientific panelists, told the legislators Science, Research, and Development,

"The world cannot survive in peace, that the "most important problem of Committee on Science and Astronau-
half rich and half poor. It remains to this century . . . is . . . applying sci- tics, House Office Building, Washing-
be proved whether it can for long sur- ence and technology to economic de- ton, D.C., U.S.A.
vive at all." velopment."

Lord Snow's concern was echoed in He said the question of whether Erratum
a paper by Dr. Roger Revelle of the the developed world can transfer its
Harvard University Center for Popula- skills to the emerging countries is In our report, "Spaceborne Video
tion Studies. He said that the techno- "the crucible within which will be and the Revolution of Rising Expecta-
logical revolution under way has in tested the superiority of [Western] tions," which appeared in the Febru-
several ways dramatized for the under- cherished social, economic, and po- ary 1966 issue of AF/SD INTERNA-
developed areas of the world their litical institutions over those of com- TIONAL, we erroneously attributed to
status as poverty-stricken "fellow pas- peting ideologies during an era of Hughes Aircraft Company certain esti-
sengers on the spaceship" that is the rapidly accelerating change." mates on cost advantages of satellite
world. He called for a massive U.S. He called for establishment of re- television over other systems. Those
Government-sponsored effort in polit- gional facilities to stimulate innovation figures listed in the article referring
ical and social studies to search for and creative technological solutions to to "desired area of coverage between
policy answers to meet this problem. the vexing problems of the underde- 300,000 and 500,000 square miles" (780,-

To help meet the burgeoning prob- veloped countries. And he suggests 000 and 1,300,000 km 2) should have
lems of the "third world," he said, it that they might be complemented by been attributed to Lawrence C. Rosen-
is vital that population-control policies an international institute patterned af- berg of the George Washington Univer-
be adopted, matched with increased ter the International Institute for Edu- sity Program of Policy Studies in Sci-
production of food, food aid by coun- cational Planning. Such an institute ence and Technology, Washington, D.C.
tries with surplus capacity, and pro- would provide advanced training for Associated figures on costs of receiv-
duction of dietary supplements con- professional staffs at regional insti- ers for India are also those of Mr.
taining high-quality protein and other tutions and research "leading to a Rosenberg. Mr. Rosenberg acknowl-
food elements now lacking in the diets better understanding of the process edged with thanks the assistance of
of many people in underdeveloped of applying science and technology" Hughes and others in his comprehen-
countries, to problems of national growth. sive study of the potential of direct

The Daddario hearings also fea- One of the most provocative papers broadcast television satellites.
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The F-111 is an advanced design that promises excellent performance

in a variety of missions. It is already being built or is planned

in fighter and reconnaissance versions, for both the U.S. Air Force

and Navy, as well as other Free World forces. But some of the claims

released by the U.S. Department of Defense for the new strategic

bomber version seem confusing and, perhaps, promise more than any

aircraft can possibly live up to . . .

~~c~~~ai~ Ucs~ooc
BY J. S. BUTZ, JR., Technical Editor

In the view of Secretary of Defense wingspan-70 feet (21.3 m) with the such a broad range of military mis-

Robert S. McNamara, it is now pos- wings extended and 33 feet 11 inches sions. The military and appropriations

sible for a single basic airplane to (10.3 m) with the wings pulled all the committee of both Houses of Con-

serve as a strategic bomber, as an way back to a sweep angle of 72 gress are keenly interested. A number

air-superiority fighter, and as a vehicle degrees 30 minutes, as compared to of Congressional leaders believe Mr.

for interdiction attack, close support 63 feet (19.2 m) and 31 feet 11 inches McNamara has gone too far. Most

of troops on the battlefield, and long- (9.7 m) for the F-111A. The Navy Congressmen appear to support the

range reconnaissance. In the judgment wanted the increased span and larger views of top USAF officers who be-

of the U.S. Defense Department the wing area to raise wing efficiency at lieve that a completely new long-range

versatility of this single design is so high altitude and during loiter, to im- bomber of the AMSA (Advanced

great that it will meet the Navy's car- prove the aircraft's performance in Manned Strategic Aircraft) type is

rier requirements in these areas as the carrier air defense mission. needed to replace the B-52. The Air

well as those of the USAF and Free The FB-111 bomber version is wide- Force accepts the FB-111 as an in-

World air forces in Europe and Asia. ly assumed to consist basically of terim strategic aircraft. But the need

This airplane, of course, is the F-111, the Navy wing married to the Air to go into the program-definition

which. more than any other aeronautical Force fuselage. Consequently, the phase on AMSA no later than July

enterprise, has become identified with bomber should have slightly longer of this year has been emphasized by

the civilian hierarchy in the Depart- range at high altitude and slightly General John P. McConnell, USAF

ment of Defense, rather than with the shorter range at low altitude than the Chief of Staff, and by Lieutenant

military services. The first 2 major F-111A. Apparently, there will not be General James P. Ferguson, USAF

versions-the General Dynamics F- a significant stretchout of the fuselage Deputy Chief for Research and

111A for the Air Force and the Grum- to increase the fuel capacity of the Development.

man F-111B for the Navy-have now FB-111. Currently. the situation is a con-

been joined by a third configuration, A high degree of commonality will fusion of history, mystery, and unin-

the FB-111, which will be supplied to be maintained among all 3 aircraft. formed reports. Very few people, if

the USAF Strategic Air Command to All will use the same main structural any at all, have a clear idea of what

replace aging B-52 strategic bombers. parts, the same Pratt & Whitney TF30 the total cost of the development and

There are only minor differences turbofan engines, the same auxiliary production program for the several

among these 3 aircraft. According to power systems, and so on. A number versions of the F-111 will be. It has

DoD there is an 85 percent commonal- of differences in electronic systems been reported that some Senate crit-

ity of parts between the Air Force and will be necessary. A strategic bomber, ics are prepared to charge that the

Navy fighter versions. for example, normally carries more cost may ultimately be more than

The Air Force's F-111A has a longer elaborate communications, navigation, double the original estimates.

fuselage, 73 feet (22.2 m) as com- and electronic-countermeasures equip- Very few people have enough in-

pared to 66 feet 9 inches (20.3 m) ment than do air-superiority fighters formation to judge what the aircraft's

for the F-111B. The longer, slimmer or tactical fighter-bombers. Packaging performance finally will be. It is known

fuselage has significantly lower drag this strategic bomber equipment so it that there have been development

during high-speed flight at sea level, will fit into the obviously limited in- troubles with the engine and with the

and the Air Force needed this to ternal volume of the FB-111 and rig- engine air-inlet system, which musi

attack well-defended ground targets. ging it so that it can be operated be unusually sophisticated because

The Navy, which does not foresee effectively by a 2-man crew, while the aircraft must operate in an unusu-

heavy use of the F-111B as an attack they are also flying the aircraft, will ally wide range of speed and altitude

aircraft, was willing to accept the be one of the major development conditions. Weight and drag problems

higher drag penalty to gain the car- tasks with the FB-111. likewise have been reported. These

rier-deck handling advantage which Considerable public discussion can are common in the development of

comes with the shorter fuselage. be expected in the U.S. during the new aircraft, and particularly when a

The other major difference is that next several months about the suit- truly advanced design is being under-

the Navy's F-111B has a slightly longer ability of the basic F-111 design for taken, as is the case with the F-111.
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UA.-F wi/ t 2/0 of the.se General

1)inamics FB-lls to offset in part the

lo.ss of 345 B-52 and 80 B-58 bombers from
the inventory by 1970. Deliveries are

scheduled to begin in 1968. Plons under

variable-sweep wings carry conventional or

nuclear weapons, auxiliary fuel tanks to

boost range, or both. Pvlons swivel to point

externallv carried stores in directions of

fligvht regardlessof wing angle.

Few answers to these questions avoidance of furthar controversy would sonic speeds-can be ferried 4.100
have been made available. On the seem to lie in its hands. Congress miles (6.600 km).
subject of costs, a defense official will be pressing for a more thorough With 50 750-pound (340 kg) bombs
reported last fall to a meeting of U.S. explanation. The pressure for more under its wings and carrying only in-
and British aeronautical specialists information will be strong for it will ternal fuel, the aircraft couldn't ex-
that "projected costs [for the F-111 come from men in Congress who have ceed 2.500 miles (4,025 km). In the
program] have increased about 15 been severely critical of Secretary nuclear delivery role, with 3 small
percent beyond those initially antici- McNamara's overruling of military SRAM-type (Short-Range Attack Mis-
pated. Newspaper reports of exces- wishes in the writing of the F-111 sile) low-yield nuclear missiles carried
sive costs have been allowed to stand specifications and the selection of a internally in the fuselage bomb bay.
largely unrefuted, both because this contractor. Senator John L. McClellan, the range is going to drop well below
is a highly classified program and from the state of Arkansas, Chairman 4,000 miles (6,440 km) if the aircraft's
because the Department of Defense of the Senate Investigations Commit- high speed is used in the target area,
cannot release daily reports to the tee, who has been highly critical, will since fuel consumption climbs rap-
press on cost analysis." reopen hearings this spring, idly at supersonic speeds.

On the subject of performance, it It will take a great deal of explana- In short, it is difficult to understand
was said that the F-111 has flown tion to clear the air. For example. the the statement that the FB-111 has
successfully at Mach 2.18, and that material released on the expected per- "approximately the same range" as
the expectation of current configura- formance of the FB-111 can chari- the B-52. Even the early B-52s of the

tion performance is just short of the tably be characterized as confusing. C through F variety will fly more than
Mach 2.5 requirement and the improve- Secretary McNamara has said that 6,000 miles (9,660 km), fully loaded
ment programs, normal to military air- "the FB-111 . . . will replace the with more than 10 tons (9 mt) of
craft development, will bring the speed B-52, series C through F. It will have bombs. So the range of the bomber
unquestionably up to Mach 2.5. The twice the speed of those aircraft, version of the F-111, with any useful
over-all development progress with the approximately, with approximately the sort of load, will have "approximately"
F-111 was described with great con- same range. It will be faster, both at 50 to 60 percent of the range of the
fidence, as follows: "We have in low altitude and high altitude, and it aircraft it replaces.
the F-111 program unquestionably will have capabilities for penetrating The F-111 design is an advanced
the most flexible, the most capa- enemy defenses far greater than the one. Its basic concepts, such as the
ble, and the most versatile multi- plane it replaces. . . . The FB-111 will variable-sweep wing and turbofan en-
purpose aircraft in military history- carry both nuclear and conventional gine, combine to give it excellent per-
one designed to satisfy not only the bombs. It will carry 50 750-pound formance over an unusually wide range
[USAF] Tactical Air Command and the [340 kg] high-explosive bombs." of flight conditions. Theoretically, its
the U.S. Navy requirements initially Obviously, in this recitation, the performance and versatility should be
envisioned, but of the Royal Air Force aircraft's capabilities as a fighter are superior to any existing operational
and the Royal Australian Air Force." being mixed with its capabilities as fighter.

The program was characterized in a bomber, without explaining which is If General Dynamics completes the
the following terms: "The F-111 must which. second half of the development pro-
expect to live in 2 worlds; namely, The FB-111, with 50 750-pound (340 gram with as much success as in the
the world of fact, much of it classified kg) bombs loaded under its wings, first half, when the company met all
and unreportable to the press, and is not going to have fighter perfor- major deadlines and most perfor-
the world of rumor, in which all kinds mance anymore, and it is not going to mance guarantees, then the F-111 un-
of allegations will be voiced, many be twice as fast as the B-52. It will doubtedly will become a widely ad-
of them unknowledgeable and border- have about the same high subsonic mired aircraft. However, even the
ing on the irresponsible." speed. As for range, the F-111A, under soundest engineering and develop-

Of course, the Defense Department the best circumstances-that is, with ment program could be spoiled if too
is the agency with the facts and the nothing but 2 large fuel tanks slung many claims are made which the air-
authority to explain them, so that the under its wings and cruising at sub- craft cannot possibly fulfill.
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The giant Lockheed C-5A transport has military and commercial

potential that goes far beyond current predictions. The airplane's

main features are well within the state of the art. The C-5A

will not only revolutionize troop and equipment transport, but may also

serve important command-and-control functions, in aerial refueling,
and even naval assignments, among many others. When commercial

aviation firms see its weight-lifting capability and recognize

how the C-5A could meet increased freight and passenger

needs just around the corner, they also will clamor for the

huge transport ...

G-5A-Even More

Than Meets the F

BY J S. BUTZ, JR., Technical Editor

The announcement that the C-5A The C-141 itself is a prodigious worker forces on any trouble spot in the
transport would be produced for the One C-141 StarLifter is the equivalent world within 24 hours. These Army
U.S. Air Force by the Lockheed-Geor- of 7 piston-driven C-124 aircraft over units will not be "token" light-infantry
gia Company, Marietta, Georgia, stim- long hauls, such as the transpacific forces of the type that are now rushed
ulated an unusual flood of optimistic routes. And a fleet of 280 C-141s. in by air in emergencies. The C-5A
predictions about the aircraft's impor- which will be available in the next few will move heavy mechanized infantry
tance and the revolutionary effects it years, will quadruple the present U.S. and armored divisions, complete with
will have on U.S. military effectiveness military airlift capacity to Southeast tanks, trucks, artillery, and combat
and on commercial aviation. Asia. supplies.

Few airplanes have received such The C-5A has an important added A force buildup that would take
praise and so many votes of confi- virtue that no other transport can more than a month with current sea-
dence from so many sources-before claim. It can carry virtually any of the and airlift could be achieved in a week
they even reached the drawing boards. Army's heavy equipment, including the with a fleet of 100 C-5As. A compara
U.S. Secretary of Defense Robert S. 50-ton (45.3 mt) Main Battle Tank. An- tive example is provided by Operatic
McNamara, high civil officials in the other key feature is the aircraft's rela- Big Lift in 1963, which required 2,01
Air Force, USAF general officers, tively low operating cost. According transport planes to airlift 15,000 u
newspapers, national magazines, tele- to DoD estimates, the C-5A will cost equipped troops to Europe in 63 hous.
vision, radio, and the trade press all about 50 percent more to operate than Once at their destination, the men
have given the C-5A a much bigger the C-141. But it will do 3 times the picked up tanks, trucks, ammunition,
buildup than they normally afford a work so that the direct operating costs and other supplies which had been
new aircraft. in cents per ton-mile should be about pre-positioned. Fewer than 100 C-5As

Wide recognition has been given to half of the C-141's. Since the C-141 is could move the same number of
the C-5A's unprecedented cargo-car- expected to carry cargo under opti- troops plus their tanks, equipment,
rying capacity-100,000 pounds (45,360 mum conditions at 4 to 5 cents per and supplies the same distance within
kg) of payload for 6,300 miles or 10,140 ton-mile, the C-5A apparently has a 24 hours.
km (San Francisco-Tokyo or Honolulu- real chance of getting this figure down Current plans call for Lockheed to
Saigon) or 250,000 pounds (113,400 kg) to 2 cents. develop the C-5A and deliver 58 air-
of cargo for 3,700 miles or 5,955 km The truly revolutionary implications craft under a contract valued at approx-
(New York-Paris). This is about 3 of such economics are obvious, but imately $2,000,000,000. This contract is
times the work capacity of the Lock- also difficult to comprehend com- unique in that it covers the engineer-
heed C-141, the smaller brother of the pletely. Essentially, the C-5A will allow ing design, testing, and development,
C-5A, which is now entering service. the U.S. to place formidable land plus the tooling-up and production of
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The Lockheed C-5A, now in production, is designed to sup- Because of its range and payload capacity, the C-5A may be
plemient the C-141 and other military transports by carry- suited for other nilitarY roles. And the same character-
ing heavy military equipment over intercontinental ranges. istics make it attractive also as a commercial transport.

the 58 aircraft and their spares. It is success in commercial aviation as and shows no signs of slowing down.
expected that contracting for the com- well. In passenger service the C-5A With the impetus of the C-5A's low
plete package will save the Govern- is expected to cut operating costs in direct operating costs-about half that
ment substantial amounts of money. half and to bring air fares down to of the best transports in civil service

The Defense Department has an op- about the equivalent of traveling by today-added to the already strong
tion to buy 57 more aircraft. Many bus. attractions of air freight service, the
sources are estimating that the mili- Whether or not this is desirable is a industry could reach almost explosive
tary will purchase at least 200 C-5As. matter not entirely agreed upon. Econ- growth conditions.
This would be enough to completely omists disagree about the size of the Currently, Lockheed estimates a
modernize the U.S. global logistics new market that will be generated by market of 100 C-5As among airlines for
pipeline during the 1970s. In addition such a fare structure. Also, there is both passenger and freight service.
to operations in emergencies, these concern about the great size of the So, if one accepts the 200-airplane
aircraft would be kept busy, day in C-5A and its 700-passenger capacity market estimate for the military, the
and day out, moving men, equipment, which, according to many experts, total market estimate is 300 aircraft.
and supplies. The relatively low oper- would make it useful only on current In dollar terms this is impressive-
ating cost and the prodigious capac- high-density routes such as the North $5,000,000,000 plus.
ity of the C-5A would mean that many Atlantic and New York-Los Angeles. Such a prediction reflects an un-
more types of supplies would move However, there can be little doubt that usual degree of confidence on the
by air. The amount of materiel in the some airlines will have the C-5A haul- part of Lockheed and all of its poten-
logistics pipeline would be reduced ing passengers shortly after it be- tial customers.
substantially, with major savings in comes commercially available in the However, despite the unusually op-
dollars and personnel. Some experts early 1970s. The airline business is too timistic predictions made on all sides
foresee the C-5A taking over virtually competitive to allow the C-5A's poten- for the C-5A, it seems worthwhile to
the whole overseas logistics job with tial to go untested for long after it is take a closer look at the project and
only bulk cargoes moving by sea. If certificated and ready for service. its limitations and potential. The C-5A
this happens, the trend toward in- Another certainty is that the C-5A is a big step forward in many respects,
creasing numbers of support person- will be used as soon as possible in but no one has yet come up with a
nel per fighting man may turn sharply civil air freight service, which offers good crystal ball for predicting the
downward, unprecedented opportunities for in- future in aviation. Overoptimism often

Estimates of the C-5A's high pro- ventory reduction and dollar savings. was the problem in the early days, but
ductivity and low operating cost have Air freight business now is growing at since the Korean War the tendency
generated many predictions of rapid a rate of almost 25 percent per year (Continued on following page)
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has been to underestimate the poten- C-5A's fine performance would not be were still raging over the relative
tial generated by the technological possible. Its General Electric GE 1/6 merits of the turboprop vs. the turbo-
revolution. turbofans produce 40,000 pounds (18,- jet engine, and there was great con-

One good example is the perfor- 145 kg) of thrust each, have a con- cern about the economics of large jet
mance improvement of the jet engine. siderably higher thrust-to-weight ratio aircraft in airline service. No one felt
In 1958, top officials at the National than any large engine in use today, confident enough to predict that by
Aeronautics and Space Administration and have a lower specific fuel con- 1965 around 900 U.S.-built jet trans-
declared that gas-turbine engine re- sumption. ports would be in use by the airlines
search wasn't needed any longer, that In this same vein, no one in or out and that around 300 would be on order
all possible future improvements could of the engine business anticipated the with enough new purchases antici-
be made by industry using technology improvement that has been achieved pated in the near future to put the
then available. In the intervening 7 in jet-engine life. Today, some models industry in a mild boom condition.
years a veritable revolution in knowl- are operated by the airlines for more Many other examples of faulty prog-
edge has taken place. It has been than 5,000 hours between overhauls, nostication in aviation can be cited.
proven conclusively that the jet en- and still longer life apparently is a However, the main point is that the
gine's unused growth potential is far certainty. These engines are largely estimate of a 300-aircraft market for
greater than that which has already responsible for the low operating the C-5A probably is grossly in error.
been exploited. Major advances in- costs of turbojet and turbofan trans- If the estimate proved to be correct,
clude new lightweight materials and ports, as compared to piston-driven it would be unprecedented.
design techniques and cooled turbine aircraft, which have less than half the Looking toward a large market is
blades, which allow the engines to run engine overhaul life. quite stimulating. The total dollar val-
at significantly higher temperatures. Another key area in which the ex- ues rise rapidly, and, if 1,200 airplanes
Thus, the new generation of jet power- pert prognosticators miscalculated were sold, the total price would be
plants is much lighter than existing badly, at least in their public state- in the neighborhood of $17,000,000,000,
engines of similar power. ments, was the size of the jet trans- or nearly the equal of an Apollo man-

Without this new technology, the port market. Ten years ago arguments on-the-moon program.
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The C-5A will become attractive for a aide variety

of military missions if it fulfills expectations and

becomes a highlY reliable, durable workhorse. The
artist's conception at left shows a possible air de-

fense configuration. A search radar is enclosed in

the disc-shaped radome above the fuselage and a

height-finding radar in the strut supporting the disc.

On the C-5A these radars can be larger, more pow-

erful, and have much greater range than airborne

installations of this type which are now operational.

Elaborate comnunications and computer installa-

tions can also be carried in the cavernous interior to

allow the C-5A crew to control other air defense
aircraft over hundreds of thousands of square miles.

In addition to performing early-warning and inter-

cept-control functions, the C-5A could become a

potent missile-launching platform. It will have a

sufficiently large fuselage and payload capacity to

carry a large number of air-to-air missiles. For ex-

ample, it could carry about 30 Hughes AIM-47 mis-

siles developed as armament for the Lockheed

YF-12A interceptor. The AIM-47, which flies at
Mach 6 over a range of 100 miles (160 kni), weighs

800 pounds (363 kg) and is 12 feet (3.65 m) long.
The C-5A could carry the 30 AIM-47 missiles in ad-
dition to radar and conmiand-and-control equipment.

The missiles could be stored in racks in the fuc-

la andfired through openings in the enlarg ed

wheel fairings as shown in the drawings. Larger

imissiles with much more range could be carried so

that the C-5A would have the capability of defend-

ing effectivel against supersonic bombers, thus

making it a valuable supplement to the supersonic

interceptor force. And the C-5A's great range would

allow it to attack invading bombers long before
the Aand their standoff missiles would come in range

of major North American population centers.

-ILLUSTRATIION BY RICHAND SiHLECHT

Initially, such thoughts seem entirely 115- to 130-knot range, depending ing will be similar to that used on the

out of line. However, there are good upon weight, and a short-field capa- C-141, 707, B-52, and other large air-

reasons for believing that the final bility comparable to current civil jets. craft. That is, the tooling will accom-

sale of the C-5A and its derivatives It is to take off fully loaded in 7,850 modate sheets of skin measuring ap-

will be closer to 1,200 than 300. feet (2,393 m) and land at its normal proximately 3 feet by 50 to 60 feet

First of all, the C-5A is technically landing weight in less than 5,000 feet (.9 mx 15 to 18 m). It would be pref-

well within the state of the art. There (1,524 m). The 28 low-pressure tires in erable to go to larger sheets to re-

is nothing in its design or production its landing gear will allow the C-5A duce the number of joints in the skin,
plan that hasn't been done before. It to operate from sod fields. Its eyelid- because the joints with their neces-

rides a strong backlog of experience type door on the nose, and the clam- sarily heavy backup structure, rivets,
in the development and operation of shell doors on the rear of the fuselage, etc., weigh considerably more than
high subsonic-speed transports. will allow drive-through loading. That continuous skin. Achieving low struc-

Some design problems have new is, the cargo being delivered can be tural weight on any metal aircraft de-
orders of magnitude. For example, the hauled or driven out of one end, while pends largely on reducing the number

aircraft's 712,000-pound (322,960 kg) a new load is brought in at the other. of skin joints, and, on an aircraft the
gross weight is better than twice that With this design, the turnaround time size of the C-5A, this is of critical
of the C-141; its 222-foot (68 m) span on the ground, including fueling, for the importance. However, as things stand

is 40 percent more than the C-141's; C-5A will be about an hour under nor- today, it would take a major effort to

and its 236-foot (72 m) length is 65 mal circumstances. Integral rail and produce and ship larger aluminum

percent longer than that of the C-141. roller systems will allow aerial delivery panels. So far, such a facility expan-

As a result, the C-5A's natural control of heavy cargo. sion has not been considered eco-
response is relatively sluggish. How- Production of the C-5A will be man- nomical. However, if larger aircraft
ever, automatic control and stability ageable with current knowledge, just than the C-5A are constructed, this
system technology has advanced to as the performance requirements, might become worthwhile.
the point where the C-5A will have such as those discussed above, are The final major assembly procedure,
a relatively low minimum speed in the within the technology. The basic tool- (Continued on following page)
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-ILLsTA10 BY GORDON PHILLIPS

Antisubmarine warfare rol.s could aiso be performed by the Modifications for the ASW mission would probably in-
C-5A, as depicted in this artist's illustration. Its large in- clude an extended wingspan to improve flight efficiency a
ternal volume and heavy payload capacity would allow it speeds of 150 to 200 knots (275 to 375 km/hr). Changes in
to carry a more extensive and sophisticated load of sub- engine design could be made to improve fuel consumption
marine detection equipment than in aircraft now perform- at reduced throttle. However, range and endurance would
ing such missions. In addition, it could accommodate an be outstanding, because the C-5A could be operated with 2
unprecedented load of depth charges and homing torpedoes. engines shut down during much of the sub-hunting mission.

the attachment of the 63-foot-high (19 Evaluation Review Technique) and example, if there is some question
m) vertical tail, will have to be accom- similar computerized systems to man- about the desirability of incorporating
plished out of doors, because the high age the U.S. strategic missile pro- new numerical control techniques in
bay area of the Lockheed plant will grams have been well recorded. They wing construction, Sentinel will answer
not accommodate the completely as- are credited with making these com- these questions rapidly and com-
sembled aircraft. Otherwise, the C-5A plex developments tractable and with pletely. It will indicate the most advan-
production line and subassembly areas making it possible to produce them tageous time at which to begin using
will resemble those currently seen. in a relatively short period and within the new process, and how much say-

Improved management is the second reasonable budgetary limitations. ings it will provide, its effect on air-
reason why the C-5A market should What hasn't been so well recorded craft performance, the change it will
be large. If there is any breakthrough is that the management systems have make in the cost of a wing 2 or 3
connected with the C-5A, it is in the been continually strengthened, and years hence, the incentive profit it
area of management. now they are much more powerful would generate, and so on.

The past 10 years have seen great than the original PERT. For the C-5A A great many such questions must
improvements in 2 prime phases of effort Lockheed has tailored a system be answered. Numerical control, for
management. One is the ability of the called Sentinel. It combines 4 older example, is in a period of rapid inno-
top echelons to keep track of and systems. One is the original PERT- vation. Major improvements in the
effectively control the work of thou- Time which was primarily good for methods of employing these automatic
sands of people. The other is the abil- monitoring a schedule. Another is machines are being demonstrated
ity to collect detailed data on the PERT-Cost, which allowed a close constantly. There will be significant
performance of all operational sys- check on many cost elements. A third opportunities for altering the C-5A
tems, to analyze this data, and to system was aimed at monitoring 60 to design and production plans during
effectively use this information to im- 80 technical parameters, such as the next 2 years, with dollar savings
prove the design of new systems. A weight and drag, to make it possible for both the Government and the com-
corollary ability of importance in this at any time to determine how well the pany. The C-5A development is so
second area is to effectively feed in- total system was meeting the per- complex that it would be virtually im-
formation from advanced research and formance requirements. The fourth possible to take maximum advantage
test programs into the design cycle. system is designed to evaluate over- of such opportunities without a system

These are traditional tasks of engi- all cost/effectiveness. such as Sentinel.
neering management. In recent years The Sentinel is designed to allow a Sentinel also will allow changes to
they have become troublesome be- continuous check on how well the be made on the basis of operational
cause aircraft and their systems have company is meeting schedules, costs, experience with older transports such
become increasingly complex and performance, maintainability, and reli- as the C-130 and the C-141. A major
great masses of data must be pro- ability requirements, and it even shows library of data, describing in detail the
cessed on a timely basis if manage- how much of an incentive profit can malfunctions of all types of military
ment is to be effective. be expected. Program changes can be transport systems, is being built up.

The use of PERT (Performance evaluated rapidly and thoroughly. For In the past, without a computer sys-
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tem, it has not been possible to as- One ideal mission would be com- the total demand for 0-uAs will be

semble operational data in such detail, mand and control. The C-5A's great high. Great arguments are being made

or to make full use of it in designing internal volume and heavy payload about the passenger and freight traffic

more reliable systems. Sentinel should would make it much more effective that will materialize in the 1970s and

greatly improve the situation, than current command and control 1980s. when large aircraft such as the

Another vital service performed by aircraft which can carry only a small C-5A will be needed. The basic trend

Sentinel is to illuminate trouble spots percentage of the desired communi- is toward more optimistic predictions

in a program long before they reach cations, computation, and data storage as both the passenger and freight

crisis proportions so that orderly cor- and display equipment. growth rates continue to remain high.
rective action can be taken. Air defense is another mission that The freight growth situation has

All major firms have similar ad- would come under discussion. An art- reached the point that C-5As will be

vanced management systems. Sentinel ist's conception of a C-5A modified for needed in the mid-1970s if no totally

is not unique. But Lockheed gives it air defense is presented on pages 30 unexpected change takes place. One

a major part of the credit for winning and 31, along with a discussion of its Pan American World Airways, Inc.,
the C-5A competition. advantages and disadvantages. vice president reported recently that

Another indicator is that Lockheed The Navy also has missions which ton-miles of cargo moving over the

has quoted some rather low prices a slightly modified C-5A could satisfy Atlantic in 1964 were 22 percent higher
for the C-5A. The current agreement handsomely. One is mine-laying. No than in 1963, and that his company,
is unique in that it combines develop- other aircraft could approach the C-5A during the first three-quarters of 1965,
ment and initial production into a sin- in mine capacity or operational radius. was 45 percent ahead of that figure.
gle contract worth around S2,000,000,- Undoubtedly, an aircraft with the On Pan American's total system, he

000. This is about $35,000,000 per air- C-5A's payload and range character- said the freight business was up 60
craft or $115 per pound (.45 kg). istics could strengthen the Navy's an- percent so far this year. He concludes

The Government also has an option tisubmarine warfare capability if its that something spectacular is begin-
to buy 57 more aircraft in the second costs were right. An artist's concep- ning to happen.
production order for a total price of tion of such a C-5A modification and If the future is less spectacular than

less than S800,000,000, a per-aircraft a discussion of the mission are on this executive imagines and the

cost of about $14,000,000 or $47 per page 32. growth rate returns to about 25 per-
pound. This is close to the S30 to S40 It also is difficult to imagine a better cent per year, then the airlines will

per pound common for fully equipped, aerial tanker than the C-5A. The cur- need 6 times as many jet cargo trans-

high subsonic-speed jet transports to- rent tanker fleet is not going to last ports of 707 and DC-8 size in 1975 as

day. Since most of these aircraft are forever, and replacements will be nec- they have today. In such a competitive

well out on the learning curve, with essary in the latter 1970s. And, even situation, there would be a good mar-

several hundred already produced, the if bombers are completely passe in 10 ket for an aircraft such as the C-5A.
C-5A prices indicate great confidence. or 15 years, a significant number of which had a direct operating cost well

These prices should be reduced sub- tankers will be necessary for fighter under that of its contemporaries. A

stantially as the production passes 300 operations. The C-5A will be the log- Sentinel-type management system
aircraft and Lockheed takes advan- ical choice to replace the KC-135s which can keep modification costs low

tage of the learning curve. as they are retired. should produce a competitive civil

The Sentinel management system is All in all, the military market seems version of the C-5A. which would not

largely responsible for these low considerably larger than 200 aircraft have the heavy floor, tie downs, roll-

prices by keeping wasted effort to an for the type of C-5A that is being fore- ers. etc., needed to carry and drop

absolute minimum. cast today-that is, a highly reliable heavy military loads.

The third reason for believing that aircraft with relatively low purchase The passenger service potential is

the C-5A market will be large is the price and an outstanding low operat- less clear, but if the civil air freight

relatively large number of possible ing cost on the basis of pounds of operations go well, it seems inevitable

military uses. It is difficult to imagine payload delivered. It appears that the that the C-5A would be modified rap-

that the C-5A will be used solely for Sentinel management system will al- idly to carry passengers.

logistics purposes. If the aircraft does low the aircraft to be modified at rela- In the final analysis, there are strong

as well as is expected and becomes tively low cost so that the cost/effec- indications that the total civil/military
a thoroughly reliable workhorse, then tiveness would remain high. market for high subsonic-speed jet
it is inevitable that it will be pressed The rapidly growing civil market is aircraft is going to be much larger in

into a variety of services, the fourth reason for believing that the 1970s than it was in the 1960s. The
main requirements of all operators of
such aircraft, whether civil or military,
will be lower operating cost, and in-
creased productivity-the ability to

C-5 A VITAL STATISTICS carry more payload over longer dis-
tances each day. As the C-5A will set

Length 236 ft. (72 m) new standards in both of these areas,
Wingspan 223 ft. (68 m) it is certain to be a solid choice for

Height of tail 63 ft. (19 m) a large portion of this market.
Cargo compartment floor area 2,743 sq. ft. (254.8 M2

) The market potential seems so great

Empty weight approx. 300,000 lb. (136,000 kg) that the C-5A probably will not long

Basic mission weight 712,000 lb. (323,000 kg) remain an oddity much larger than its

Cruising speed 500 mph (805 km/hr) contemporaries. Other jet transport

Delivery of first production model -early 1968 manufacturers probably will rise to the

Operational date -early 1969 challenge and steadily increase the

Commercial availability -mid-1970s size of their aircraft so that by the

Currently planned production rate -10 to 12 per year mid-1970s they will be ready for the
C-5A. -.
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At a showing attended by ranking military and civilian defense

officials, the A-7A Corsair II demonstrated its weapons-carrying

capability, handling characteristics, and maintainability. The

U.S. Navy plans to buy 1,500 A-7As and USAF is considering the

purchase of Corsair Ils for Tactical Air Command . . .

..- 7A DevelonmPn

Astatus Repor

The new mainstay of the U.S. Navy's During the maintainability demon- 11.5 direct maintenance man-hours per
carrier attack force, the A-7A Corsair stration, a crew of 4 mechanics re- flight hour.
11, has been shown publicly and in moved the engine in about 20 min- Currently, the Navy plans to pur-
great detail by its manufacturer, the utes. A 20-mm cannon was removed chase about 1,500 Corsair Is. Exist-
LTV Aerospace Corporation. Several in 2 minutes. Most of the aircraft's ing contracts total $239 million and
hundred U.S. Department of Defense 35 large access panels were removed cover the development program and
dignitaries, high-ranking military offi- to expose electronic, hydraulic, and the delivery of 189 aircraft. As the
cers, politicians, and newsmen gath- electrical equipment in neatly pack- learning curve takes effect in produc-
ered at Dallas, Texas, recently to aged arrangements, most of which can tion, the per-copy price is expected
watch an impressive low-level flight be comfortably reached by a mechanic to drop to about $1.5 million, fully
demonstration and observe mechanics standing on the ground. The Navy equipped.
in a rapid-maintenance demonstration, expects to operate the A-7A with only The contracts between the Navy
and later were given the opportunity
to thoroughly inspect the aircraft.

John Konrad, the company's chief
test pilot, and Robert Rostine, an ex-
perimental test pilot, flew 2 A-7As in
simulated bomb runs, low-level passes,
precisionrolls, and maximum perform-
ance takeoffs. ~

Konrad's aircraft was loaded with
more than 7,500 pounds (3,035 kg) of
bombs while Rostine's was clean. Ex-
cept for takeoff, there was little no-
ticeable difference in the handling
characteristics of the 2 aircraft. Kon-
rad reports that the A-7A's turning
capability is superior to that of the .
F-8U Crusader, the supersonic Navy
fighter from which much of the
A-7A design was taken. He also says
that the A-7A is "much more com-
fortable than the F-8U" at high speed
and low altitude, and "the pilot does
not feel turbulences or excursions in
the flight path." The Corsair II is a
7-G airplane, and there are no limita- The large speed brake extended from the lower fuselage of the A-7A Corsair II is in-
tions on its maneuverability envelope. portant in giving the aircraft exceptional maneuverability at low and high speeds near
It can pull 7 Gs without buffeting, the ground. It allows the angle of descent to be steepened during bombing runs and im-
under all flight conditions. proves turning performance considerably. A-7A is built by the LTV Aerospace Corp.
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Thisisi the bomb load configuriation usd bv John Komad, LTIs te t pilor, durin' III, Dulla 1/ h"'ir dena truth .m li ccih, u

plons carry 6 500-pound (227 kg) bombs each. The 2 outboard pYlons are loaded with 50-pound 0 1L k(i; ,,eneral-piuposw bombs.

and LTV are of the incentive-fee First deliveries of the A-7A to the The aircraft's major selling points

type, with the company guaranteeing fleet have been scheduled for the are the very low fuel consumption

many aspects of flight performance fall of 1966. of its Pratt & Whitney TF30 turbo-

and maintainability. Currently, all of The Fiscal 1967 budget, as sent to fan engine, its 20,000-pound (9,070 kg)

these guarantees are being met, and Congress by the Defense Depart- maximum bomb load, and its great

many of them exceeded by a large ment, provides for initial purchase of range (said to be twice as long as

percentage, with the exception of A-7As for USAF's Tactical Air Com- any operational jet attack aircraft).

empty weight, which is about 400 mand. It is understood that few If the Air Force decides to purchase

pounds (181 kg) heavy. However, changes will be required to make the the A-7A, it is reported that LTV has

range, payload capability, and all of aircraft suitable for the close-support the production capacity to deliver Air

the key performance characteristics mission. The main one being consid- Force and Navy aircraft from the same

are proving to be better than esti- ered is the addition of a short after- line with essentially no delay to either

mated, and the overweight condition burner to reduce the takeoff run by service.

is causing no concern. around 40 percent. -J. S. BUTZ, JR.

Loaded with bombs, rockets,
and droppable fuel tanks, the

new A-7A Corsair II attack
bomber carries a load more

than double that of the B-17 of
World War II. Together with

pylons, racks, and launchers,
the plane shown here has
14,750 pounds (6,730 kg)

hanging from its wings and
fuselage. The Corsair II itself

weighvs only 15,000 pounds

(0,804 kgi/ empty.
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Aerospace Review

The costs of war in Vietnam are equivalent to one-eighth of
next year's entire U.S. Federal budget. . . . Five more Gemini
flights in 1966 will pave the way for testing the Apollo
lunar-landing vehicle by this time next year. . . .
A second airmobile division is being readied for the U.S.
Army.. . . Gravitational fields of other planets can be used
to speed spacecraft to distant targets. . . . U.S. airlines
will carry 160,000,000 passengers by 1971. . . . And the
Secretary of the Air Force reveals how he arrives
at his decisions. . . .

Vietam o the Moon and Mr. B
BY ALLAN R. SCHOLIN, Associate Editor

A program calling for expenditures The increase in military personnel increased, primarily to augment exist-
of $13,760,719,000 to support the war will enable the Marine Corps to form ing units and to create more support
in Vietnam was presented to the U.S. a complete new division, its fifth. Two elements, but not an additional divi-
Congress by President Johnson on Marine divisions are in Vietnam or sion. These manpower increases will
January 19. Congressional leaders in other points in the Far East, one is raise the total military strength of U.S.
both political parties expressed their divided between the U.S. and other Armed Forces to more than 3,000,000
support. areas around the world, and the fourth men.

About one-third of the total amount is made up of Reservists not on ac- A sum of $1,238,000,000 is allocated
represents a supplement to funds pre- tive duty. The Reserve division will to building ports, airfields, roads, and
viously appropriated for the Defense not be called at this time, but is un- other military facilities in Southeast
Department in the current Fiscal Year, dergoing intensified training to be Asia.
which ends June 30. The other two- ready for mobilization on short notice, Another $152,000,000 will be devoted
thirds will be spent in Fiscal Year if needed later. to research-and-development projects
1967, beginning July 1. Thus the Viet- Strength of the U.S. Army will be directly related to the war in Vietnam.
nam requirement was the first specific
request in the Administration's 1967
budget, which President Johnson noted
will total almost $113,000,000,000.

"We are currently engaged in a
major effort to open a road to a
peaceful settlement," President John-
son declared. "Whether the present
effort is successful or not, our purpose
of peace will be constant; we will
continue to press on every door.

"But until there is a response, and
until the aggression ends, we must
do all that is necessary to support our
allies and our own fighting forces in
Vietnam. That is the purpose of the
present request."

Major portions of the funds will be
used to increase U.S. Armed Forces
by 113,000 men, and to buy an esti-
mated 2,000 helicopters, 900 fighter
and transport planes, and almost 5,-
000 tactical missiles-principally Hawk
antiaircraft weapons and Bulipup air-
to-ground missiles.

In addition, $2,100,000,000 will go to Two)5(g-/)ani (22 7 hoI), clu m I A iI )I( c -10 supcisabI ctjL'Iij.
replenish stocks of equipment and er against Viet Cong target in Mekong delta in South Vietnam. President Johnson hasammunition borrowed from other U.S. asked Congress to provide $13,760,719,000 to cover costs of war in Southeast Asia.military units to support the force Funds willgo toward purchase of an estimated 2,000 helicopters, 900 fighter and cargo
buildup in Vietnam. aircraft, and 5,000 tactical nissiles, and to increase U. S. Armed Forces by 113,000 men.
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and $415,000,000 will go to the Agency
for International Development in as-
sisting the Governments of South Vi-
etnam, Laos, and Thailand to improve
economic and social conditions of
people in rural areas.

With its Gemini-8 spacecraft on the
pad at Cape Kennedy, Florida, sched-
uled for launch sometime in March,
the National Aeronautics and Space
Administration hopes to wind up its
Gemini series of orbital missions in
1966 and move on to early Apollo
flights leading to a manned mission to
the moon by the end of the decade.

Aboard Gemini-8 as capsule com-
mander will be the first U.S. civilian
astronaut, Neil Armstrong, who, before
he was selected for the space pro-
gram, flew a number of missions as
a NASA test pilot in the U.S. Air
Force's X-15 rocket-powered research vorkinw t Anioia Manufaic(turinl,," Co., iddletiwn, hio) 1m wCr heat shield ow,,
plane. Mr. Armstrong's partner in tmentof Apollo spacecraft 009, destined for unnanned launch late
Gemini-8 will be Major David Scott this year to test capsule's abiliti to withstand 5,500' F (3,000' C) temperatures on re-
of the U.S. Air Force. entry. Prime contractor for Apollo vehicle is North American Aiation, Inc., Downey,

The highly successful 2-week en- California. Heat shield of stainless steel honeicomb is produced by Aeronca, with abla-
durance flight of Gemini-7 and its tiie coatini supplied In A(o Research andi Deelopment Division, Wilmington, Mass.
rendezvous with Gemini-6 in Decem-
ber cleared the way for U.S. astro-
nauts in 1966 to concentrate on the
mechanical operations they must per- Apollo 3-man capsule i.
fect in space to ready themselves for tried oi for size by 3 of
flight to the moon. the original 7 U.S. astro-

The Gemini flights have proved that nauts, all of whom com-
trained astronauts can function effec- pleted orbital flights ini
tively in a space environment for more NASA's Mercury program.
than the time required to reach the Framed in hatch, from
lunar surface and return to earth, left to right, are M. Scott
that design and fabrication of space Carpenter; John H. Glenn,
vehicles and on-board equipment has Jr.: and Walter M. Schirra,
so far proved adequate for the tasks, Jr. Carpenter and Schirra
and that rendezvous of 2 or more are U.S. Navy officers.
vehicles in space is attainable. Glenni was a colonel in the

The 5 Gemini flights scheduled this Marine Corps before re-
year will be devoted to exercising tirement in 1964. Schirra fM
these demonstrated capabilities and auided Gemini-6 in De-
to giving astronauts more practice in cherrendezous with
working in and around their vehicles cebe'rndzvu ith-7

in space. Each of the 5missions will Gmii7

include attempts at docking, with at
least 1 member of the crew leaving
the capsule on each flight to familiar-
ize himself with the sensation of walk-
ing in space and with performing
chores outside the spacecraft. James Lovell set records for the long- into space (16, to 11 for the USSR):

Meanwhile, this year will see the est spaceflight, longest multimanned and most manned flights (11, to 8).
first tests of the 3-man Apollo lunar flight, most orbits for a manned ve- The 5 Gemini flights in 1965 also set
vehicle linked to its Saturn booster, hicle (206), most miles traveled on a new records for the most manned
leading to the first manned Apollo single flight (4,129,400 miles or 6,- flights in a year, topping the 3 Mercury
orbital mission early in 1967. 644,205 km), and most time in space missions in 1962, and the most men

The Gemini-7 and -6 missions es- for individual astronauts. These rec- sent into space by 1 nation in a year
tablished 11 space records for the ords had been held by Air Force -10, compared to 3 by the U.S. in
U.S., of which the first space rendez- Colonel Gordon Cooper and Navy 1932 and 3 by the USSR in 1964.
vous was the most dramatic. The Commander Charles Conrad for their * *

USSR twice put spacecraft within 8-day Gemini-5 mission last August. How to get along with the boss was
4 miles of each other, but apparently Gemini-7 and -6 also brought the explained recently to members of the
in different orbital planes. cumulative total of man-hours in space U.S. Air Force Headquarters staff by

By remaining aloft in Gemini-7 for for America to 1,352 hours 42 min- the boss himself, Air Force Secretary
330 hours 35 minutes, Air Force Colo- utes, compared to 507 hours 16 min- Harold Brown.
nel Frank Borman and Navy Captain utes for the USSR: most men sent (Continued on following page)
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examination they will get at the OSD cerned, this is an extremely important
[Office, Secretary of Defense] level. principle to maintain. When I'v e
As you know, studies play an im- reached a conclusion, I'm still open
portant part in the decision-making to persuasion. I've reached some
process, and we want our studies to wrong conclusions in the past, and
encourage favorable decisions. To do I've always let people try to argue
so, they have to include all the argu- me out of them. Quite often they've
ments and all the answers-not just been successful, too, and I expect
some, but all. to keep using that technique. This is

Once in a while, we tend to leave something you should expect of me,
out some of the arguments, maybe just as those who work for you ex-
because we fear subconsciously that pect it of you."
if we look at all the facts we may
come up with an answer we don't A second airmobile division is now
like. But that's a chance we have to being assembled by the Army in the
take. And you never know; often we U.S., following the satisfactory per-

1prohabl ask a lot of nast questions," come up with an answer we do like, formance of the 1st Cavalry Division
Secretary of the Air Force Harold Brown too. Whatever the answer, it will be (Airmobile) in Vietnam combat. Heli-
told members of U.S. Air Forle Head- a lot easier to defend before the copters are being collected from in-
quarters staff recently, "but this is the Secretary of Defense, the President. dustry production lines and wherever
way to learn." He emphasized that studies and the Congress if we know all they can be spared from other Army
prepared for him must include "all the the arguments, pro and con. units.
arguments and all theanswe's"not just "When a study is presented to me, The airmobile division is authorizedthose whih support a particolar v I like the conclusions and recommen- 428 helicopters, primarily Bell UH-1

dations put in the following way: 'If Iroquois and Boeing Vertol CH-47
you think this way, this is what you Chinooks in both armed and troop-
ought to do. If you think that way, carrying versions, and 6 Grumman
that is what you ought to do. Of OV-1 Mohawk fixed-wing attack and

"There are probably thousands of course, if you take the second choice, reconnaissance aircraft.
ways to do any job, and among those you will be making a bad mistake, This equipment is a limiting factor
thousands there may be hundreds but that's the choice you should take in readying the new division, not only
which will work well," Secretary Brown if you believe the second premise.' because rotary-wing aircraft represent
said. "My own way is to dig deeply "In other words, gentlemen, I like the key to the division's mobility, but
into the most important questions, the a set of conditional recommendations. because helicopters must be available
studies and proposals presented to But these recommendations ought to for training exercises.
me and the ones which I dream up flow from an analysis of the argu- Production of helicopters for the
myself, and then to carry out a rather ments, not from a preconceived con- U.S. Army has reached the rate of
detailed dialogue with the people who clusion based on doctrine or intuition. 160 a month, enough to replace dam-
make these presentations or do the The only way to understand some- aged and worn aircraft in Vietnam
work. I also like to work out some of thing, no matter how you come out on and still supply the new division by
my own ideas part way myself, and the answer, is to go through all the late spring. The Army, meanwhile, is
then bounce them off others. arguments. training rotary-wing pilots at the rate

"In listening to your results, I prob- "Of course, it's also very important of 300 a month to cover replacement
ably ask a lot of nasty questions, for everyone to feel that he has a of pilots returning from Vietnam and
but this is the way to learn-and I chance to present his arguments and to man the new airmobile unit.
have a lot to learn. Furthermore, this to press his viewpoint personally, es- The cadre of the second airmobile
is the way to improve the quality of pecially if he feels strongly about division will include many veterans
our studies so that they will be able something and wants to talk to his from the 1st Cavalry Division, whose
to stand up to the kind of searching superiors about it. So far as I'm con- combat experience is invaluable in

indoctrinating new men and instilling
high esprit in the unit.

Three major questions, unanswered
Portable "laser" when the 1st Cavalry Division went
ranger, developed to Vietnam, were:
at General Elec- 1. Can helicopters be maintained
tric Company's adequately in forward areas despite
electronics lab- intensive operations?
oratory in Syra- 2. Can they be refueled promptly
ease, New York, during a wide-ranging campaign?
may be employed 3. How vulnerable are they to enemy
as a surveying ground fire?
tool. Therange- Combat experience has provided
finder weighs less answers to all these questions-an-
than 30 pounds swers that show the airmobile con-
(13.5 kg) and has cept is proving feasible.
an accuracy of The in-commission rate of 1st Cay-
plus or inusI alry Division helicopters has been
foot (30.48 cm) higher than anywhere else in the Army.
at distancesupto at home or overseas, even though
50,000feet they fly an average of 50 hours a
(15,200 i). month. This is attributed to the fact

it (Continued on following page)
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that division personnel were handpicked ThisHL-l0ex-
and well trained before leaving the
U.S., and are determined to make boerieyital lifting
good. bodrbuilt for

good.NASA by North-
Refueling in the field has been .

rop Corporation,facilitated by collapsible rubber tanks Hawthorrai-
carrying as much as 500 gallons (1,890 fornwi
1), capable of being carried inside or
underneath CH-47 helicopters. When etott

earth's atmo-
empty, the tanks are flattened and
hauled back to rear areas along with data for desin-"casualties or other personnel or cargo. i c

As for survivability, the Army reports vel(I c,,I1I
helicopter losses in combat have av-
eraged only 1 in 12,000 sorties. With canreturn to
noncombat operations included, the .earth from orbit-
loss rate is 1 in 16,000 sorties. ingspacecraft.In

Contributing to the low loss rate are tunp< re'
Sikorsky CH-54 Skycranes, 4 of which
had been assigned to the airmobile releasedfr
division. In 3 months, the Skycranes n ofB-2
recovered 45 disabled helicopters,
ranging from the small Bell OH-13
Sioux to the Boeing Vertol CH-47,
plus a de Havilland Caribou transport NASA by Northrop within 7 months. to eliminate the need for wings. Both

and even a Douglas A-1E Skyraider Its predecessor, the M2-F2, has been of the shapes are NASA-developed
fighter. The value of recovered air- undergoing extensive testing since and are basically configured as half

craft is estimated at $15,000,000-more last June at both NASA's Flight Re- cones with their noses blunted and

than double the cost of the Skycranes search Center, Edwards Air Force vertical and horizontal surfaces added

themselves. Base, and Ames Research Center, for control.
Although 1 CH-54 was shot down California. It is scheduled to make its NASA's Milton Thompson is chief

early this year, the Skycrane has initial flights sometime before the pilot of the flight programs for both

proved its value and the Army has middle of this year. the M2-F2 and the HL-10. He gained

requested a small production quantity Both vehicles will ultimately be fame as a pilot of the X-15, the Para-

to augment those in Vietnam and to dropped from beneath the wing of a glider Research Vehicle, and the M2-

equip its second airmobile division. B-52 bomber, flying at an altitude of Fl, a plywood version of the Northrop-
. * * 45,000 feet (13,725 m), with NASA and built metal M2-F2 lifting body. He

A wingless, tri-finned flight-research Air Force pilots gliding and maneuver- will be joined in flight tests by Captain
vehicle, designed to help solve control ing them at high speeds to landings Jerauld R. Gentry of USAF's Flight
problems of future manned spacecraft on Rogers Dry Lake in California. Test Center.
entering the earth's atmosphere, has They will be dropped at speeds of * * *

been delivered to the National Aero- approximately Mach 0.8. Both craft are U.S. domestic and international

nautics and Space Administration by also designed to accommodate rocket scheduled airlines will carry nearly

its manufacturer, the Northrop Corpo- engines for even more advanced fu- 160,000,000 passengers an average of

ration of Hawthorne, California. ture flight experimentation. 700 miles (1,127 km) each by 1971,

Designated HL-10, it is a 22-foot- Lift and flight will be achieved by according to the Federal Aviation

long (6.7 m) lifting body vehicle, the the bodies of the vehicles alone, Agency's latest 5-year aviation fore-

second such craft to be delivered to which are designed aerodynamically casts.
This predicted airline activity is

almost twice that of Fiscal Year 1965,
when U.S. air carriers flew 95,000,000
passengers an average of 660 miles

Key element of (1,063 km) each.
U.S. Army's Other areas in civil aviation also

Nike-X system show significant growth trends. The
for defense total U.S. airline fleet is expected to

against ballistic increase from its January 1965 level
missiles is this of about 2,100 aircraft to about 2,400
Sprint missile, in 1971, with jets tripling from 564
capable of ex- planes to 1,690. Among the jets, 2-

tremely fast ac- and 3-engine types will increase from
celeration to in- an inventory of 180 to nearly 950.
tercept warheads Local service carriers will generally

whichelude lone- * convert to turbine equipment by 1971,
in contrast to local service operations

Zeus antiballistic today, which are primarily with piston-
missile. It is powered planes.

shown here being General aviation (nonairline) active
readied for test aircraft will increase from 88,742 as

launch at White of January 1965 to 123,400 by 1971.
Sands Missile Most of the increase will be in the

Range. (Continued on page 42)
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One of the most important areas for appli- on case histories from Viet Nam, it will be a
cation of the Free World's technological superi- fitting follow-on to the highly successful De-
ority in limited war situations lies in the field cember issue on Tactical Air War.
of mobility and logistics. Read by 11,000 Free World leaders in 53

Now, June AF/SD INTERNATIONAL author- different nations, the June issue is of vital
itatively explores the whole spectrum of to- marketing importance to every advertiser con-
day's mobility and logistics problems, current cerned with mobility and logistics on land,
and future systems and equipment. Drawing sea, or air.

*What's New in Transport-aircraft, ships, * Materials Handling Systems
ground vehicles * Implications of the C-141, C-5A, V/STOL

* Global Mobility * Electronic Data Processing and Communi-
cations

*Battlefield Mobility * A Gallery of New Vehicles-Land, Sea, Air
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The contract provides for $11,700,000 countries have assigned ships for the
of the award to go to 2 subcontractors, 1966 exercise Match Maker II.
Continental Aviation & Engineering Ships participating in Match Maker
Corporation, Detroit, Michigan, for a 11 are the radar picket ship, HMS
high-horsepower engine, and National AGINCOURT, and the destroyer es-
Waterlift Corporation, Kalamazoo, corts, HMCS ANNAPOLIS, HNLMS
Michigan, for a new-type suspension DRENTHE, the USS GARCIA, the
system. HMCS RESTIGOUCHE, and the

14 General Motors was selected as the HMCS SKEENA.
U.S. contractor in July 1964 and since Match Maker II is basically designed
that date has completed its contri- as an antisubmarine warfare exercise.
bution to the initial phases of the but includes gunnery, communications.
MBT Program. The current contract fueling, and other operations. Many
covers Phase Ill that terminates with of these maneuvers are being carried
the fabrication of pilot models as out while the Match Maker ships are
provided under the basic agreement integrated into previously scheduled
between the U.S. and the Federal exercises under NATO and the U.S.
Republic of Germany, signed August Atlantic Command.
1, 1963. As with Match Maker 1, this second

The U.S. portion of the MBT Pro- international squadron will visit ports
gram is headed by Major General of many NATO countries. During these
Welborn G. Dolvin of the U.S. Army stops they will evaluate supply and
Materiel Command in Washington, logistics operations under standard-
D.C. General Dolvin directs the tech- ized NATO procedures, and have the
nical effort located at the Army Tank opportunity for recreational visits.
Automotive Center, Warren, Michigan,
and maintains contact with his German Appointment of Willis F. Chapman,
counterparts through a liaison office retired U.S. Air Force brigadier gen-
in Bonn, Germany. eral and veteran pilot, as director for

Linear atom smasher now being built for * * aerospace programs in Europe of the
U. S. Atomic Energy Connission at Stan- Ships from 4 NATO nations are LTV Aerospace Corporation has been
ford University, Palo Alto, California, is again operating under NATO's flag in announced by its president, Paul
2 miles (3.2 km) in length, and will be exercise Match Maker II, which began Thayer.
the most powerful in world when con- January 11. General Chapman will make his
pleted late this year. It was designed by The exercise is being conducted by headquarters in Paris, where he for-
Aetron Division of Aerojet-General Corp. the Commander in Chief, Eastern At- merly served duty tours in such posi-

lantic, Admiral Sir John Frewen, KCB. tions as senior Air Force member of
RN, from his headquarters in North- the Mutual Weapons Development

large single-engine aircraft, which will wood, England. Captain Parker B. Team, charged with contracting for
grow from 45,777 aircraft to an esti- Armstrong, U.S. Navy, commands the joint military research-and-develop-
mated 69,700. Multiengine aircraft will squadron. ment efforts with NATO countries.
increase from 10,644 in 1965 to 18,800 Precedence for the exercise was set A native of Jackson, Michigan, and
in 1971, and turbine-powered general last year when the first Match Maker a 1935 graduate of the U.S. Military
aviation aircraft from 306 to 1.850. squadron operated for 5 months. Can- Academy at West Point, he has been
General aviation will log 22,800,000 ada, The Netherlands, the United King- a flying officer since he earned his
flight hours in Fiscal Year 1971, in dom, and the United States partici- wings in 1936. General Chapman was
contrast to the 16.200,000 logged in pated in Match Maker. These same assigned to Air Force Headquarters
1965.

Total annual civil aircraft produc-
tion is expected to increase from
11,050 in Fiscal Year 1965 to about
13,900 in 1971.

Development work on the United
States/Federal Republic of Germany
Main Battle Tank Program will be car-
ried to completion under a $43,728,000
contract signed by the U.S. Army with
General Motors Corporation, Indianap-
olis, Indiana.

The negotiations leading to the cur-
rent contract were based upon design,
configuration, and major component
selection decisions announced last
June by the defense ministers of both
countries.

This successful contracting effort
guarantees uninterrupted progressfor A generation beyond the supersonic transport is the hypersonic plane, which will fly at

guarantee speeds of Mach 6-7,200 km/hr-or more. The design above was developed by th
the new Main Battle Tank and marks a Lockheed-California Company, Burbank, California. Hypersonic aircraft are a natural
major milestone in the life of this evolution froi conventional aircraft development, says E. R. Schuberth, head of Lok-
unique, international materiel develop- heed's spacecraft and hivpersonic design department, which has been conducting re-
ment effort. search on the subject as far back as 1958 at the compan's research laborator.
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in Washington. D.C.. in 1951 as Chief
of the Tactical Weapons System
Group in Research and Development, When U.S. astro-

and. from 1956 to 1959, served in Paris. nauts reach the moon

He returned to the Pentagon in 1959 the) will transmit

as Assistant for Foreign Develop- pictures to earth

ments, in the Office of the Deputy with this television k

Chief of Staff for Research and Tech- camera built for Na-

nology, leaving in 1962 for another tional Aeronautics
and Space Almin-Paris tour of duty. istationb pWesinin-

He was promoted to brigadier gen- hoius Defensea b W nd
eral in 1961 and retired from active houseDenean-
duty in 1965. Space Center, Bald

miore, Marland.

The Swiss Government and Hughes lews of ionl e-l

Aircraft Company have signed a mul- ploration will b

timillion-dollar contract for a modern relaved by NASA oI
tactical air weapon system to pro- World TV network.

vide Switzerland with an electronic
network of early warning and military
defense control. The program, called
"Project Florida," has been approved
by both houses of the Swiss Parlia-
ment.

The contract-for production a!
delivery of Hughes equipment over a
3-year span-was signed by Genera
Fred Kuenzy, Chief of Switzerland s
Defense Supply Agency, and Clarence
A. Shoop, Vice President of Hughes
Aircraft and an executive of Hughes
International.

Shoop said Swiss personne are
scheduled to start training on the
system later in 1966 at the Hughes "
Company's Fullerton, California, plant
The system will comprise a network
of military radar stations and air de-
fense direction centers throughout
Switzerland in combination with that I miiiarv ehicles using Boeing Company turbines as boost power-
country's advanced surface-to-air mis- plants are (from left) the Royal Swedish Army's turretless S tank, a self-propelled 155-
siles and Mirage IlIlS interceptor air- inm aun, and a self-propelled 40-mm antiaircraft battery. Each vehicle will carry a Boe-
craft. ing 553 vehicular gas turbine of 450 brake horsepower in addition to a reciprocating

The system has also been chosen engine. Both engines drive into a combining gear. The reciprocating powerplant is used
by the Governments of Belgium, The for cruise, the Boeing turbine providing additional power for high-speed maneuvering.
Netherlands, and West Germany. AB Bofors builds the vehifes. AB Volvo the reciprocatig engines and transmissions.

Hughes also is producing a tactical
air weapon control system for Japan,
under a contract with the Japanese
Government. ground system to the world's tele- Heart of the camera is the SEC

* * * vision networks. (Secondary Electron Conduction) imag-
A television camera like the one as- "The primary objective of the Apol- ing tube. This type of tube was in-

tronauts will use to broadcast live lo lunar television camera," Mr. Lebar vented and developed by the Westing-
pictures from the surface of the moon said, "is to provide real-time, or live, house Research Laboratories at Pitts-
to earth-bound TV receivers has been television pictures of the moon mis- burgh, Pennsylvania. It has the ability
delivered to the National Aeronautics sion that can be viewed by scientists to obtain good pictures at the very
and Space Administration. and the public on standard television low light levels of earthshine during

Built by the aerospace division of receivers. The quality of the pictures the lunar night.
the Westinghouse Defense and Space produced by the system will be vir- Four lenses are provided for the
Center, Baltimore, Maryland, under tually as good as those usually seen camera. A wide-angle lens with an
contract to NASA's Manned Space- on home television receivers." 80-degree field of view will be used
craft Center at Houston, Texas, the Mr. Lebar said the camera will also inside the Apollo spacecraft. A tele-
camera is a prototype model of the provide a means of observing the photo lens will be used for pictures
unit to be used on the first manned astronauts and instruments in their of the earth from the spacecraft and
Apollo lunar exploration mission. spacecraft and their activities on the for other pictures outside the Apollo

Stanley Lebar. Westinghouse pro- lunar surface. Mission control will thus vehicles.
gram manager for the lunar camera, be able to obtain operational informa- Two other lenses, a narrow-aperture
said pictures produced by the unit tion useful to the mission and to fu- lens for lunar day and a wide-aper-
during the moon exploration mission ture missions. In addition, the camera ture lens for lunar night, are for use
will be relayed to the earth and pro- will be used to gather scientific in- on the moon. Automatic features of
cessed and distributed by the Apollo formation of a general nature. (Continued on following page)
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additional uses for the device of long-
range values in the telemetry fields.

Data related to seismology, atmos-

A.alinalIs ou/l h pheric composition and pressure, tem-
guided to pres'- peratures, micrometeoric bombard-

lected landing point ment, and radiation levels in space
On 11100 by this could be relayed via the transponder

lunar transponder communications systems.

deisiigned for NASA
espne fo NA new International Programs and

Inpe toni Policy Division has been established
engineers of RYan in the Federal Aviation Agency's Of-Aeronauitical CoI- fice of International Aviation Affairs.
pany, San Diego. It is headed by Howard W. Helfert.California. Devic isMajor function of the new division

woul11d be positioned is the development and coordination
nmned a... c;of FAA's international aviation objec-
ined adaceoft atives within the framework of over-all

manned enar land- U.S. foreign policy. The new division

l11g. It would emnplov also is the focal point for FAA rep-
2 frequencie, one to resentation at international meetings

comnnunicate'ith -and advice to other FAA offices and

earthianotherfor services on international activities hav-

atfronauts approach- ing political or national security im-
plications.in lunar srioface. Helfert joined the FAA in 1940 as an
air carrier inspector after serving as a
pilot with United Air Lines. He inter-
rupted his civilian Government career
during World War 11 to join the U.S.
Air Force and returned to the Agency
following his release from active duty.

the camera will allow the astronaut to earth: and an X-band (about 10,000 He has worked in international ac-
perform the camera mission with no mc) for communication with the orbit- tivities with the FAA at Washington
mechanical, electronic, or optical ad- ing or descending lunar spacecraft. headquarters and field posts since
justments. Antenna design and DSIF and 1946, when he opened the Agency's

* spacecraft receiver sensitivities are Paris office. He remained in Paris 4
Moon-bound astronauts could be such that 30 milliwatts (.030 watt) of years and returned to the U.S. in 1950.

guided to preselected lunar-landing radiated power suffices for reliable He later spent 3 years in Montreal as
sites by a homing device in much the operations, according to Ogram. Alternate U.S. Representative to the
same manner that airplanes now fol- The NASA requirement in this study International Civil Aviation Organiza-
low homing beacons, according to is for the device to be ready to op-
Ryan Aeronautical Company space erate at any time during a 3-year
electronics engineers. period after installation on the moon.

A preliminary study for the design Design requirements are being dic-
engineering of such a device is under tated primarily through man's existing
way by Ryan Electronics for NASA's knowledge of lunar environmental con-
Manned Spacecraft Center, Houston, ditions. Ogram points out that lunar
Texas. surface temperatures fluctuate sharply

The ultimate plan is to place the -perhaps as greatly as 3000 F per
device-called a transponder-on the hour during eclipse-with a day peak
surface of the moon well in advance of 275 F (1350 C) and -250' F (-157'
of a manned lunar landing. Design C) at night.
engineers say the transponder could In addition, the lunar surface is
be positioned on the moon by an subjected to extremely high-energy
unmanned Surveyor-type spacecraft, nuclear radiation from the sun, which
or by a roving vehicle which would could destroy unprotected electronics
be carried to the lunar surface, then components in a period of several
detached from the "mother" craft hours. Anticipating these hazards.
for reconnaissance. Ryan engineers plan a sufficiently

Investigations by the Ryan engineer- thick coat of "armor" to protect the
ing staff, led by Robert L. Ogram, indi- transponder from these elements.
cate that it is feasible to place the Conventional power sources, such
transponder on the lunar surface in as currently used solar panels, cannot
such a position that it would be sub- provide power during the lunar night. To explore lunar terrain inaccessible to
jected to electronic commands from Instead, power may be provided by spacecraft, this manned flying system has.

earth. long-life atomic sources known as ra- been designed by Textron's Bell Aeross-

Two electronic frequencies are en- dioisotope-thermoelectric generators. builtb NASA's Marshall SpaceFlight
visioned for the transponder system: While the basic application of the Center at Huntsville, Alabama. A cluster
An S-band (about 2,200 mc) to com- transponder would be to serve as a of 5 100-pound (45 kg) thrust rockets at
municate with the NASA Deep Space beacon for lunar-landing vehicles or base of vehicle provide propulsion afford-
Instrumentation Facility (DSIF) on orbiting astronauts, the study reflects ing a moon range of 15 miles (24 kim).
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Inc.. operating contractor of the Ar-
nold Center for the Air Force, are

expected to run from 6 to 9 months.
Fifteen tests, in which the sun/shade
environment encountered by a space
vehicle will also be simulated, will he
made to check the altitude perform-
ance, restart capabilities, and over-all
reliability of the system.

The U.S. Army's PATA (pneumatic
all-terrain amphibian) vehicle pictured
on page 43 of our January 1966 issue
is a product of the Ling-Temco-
Vought Michigan Division at Detroit,
Michigan, and not of the Firestone
Tire and Rubber Company. The latter
fabricates the vehicle's unique rubber
tracks.

LTV began its PATA development
at its Dallas, Texas. plant in 1961,
constructing a one-man scale model

Apollo 3-man spacecraft on flighis uliminail' ill landings ohile moon by 1970, i,
heing readied at U. S. Air Force's Arnold Engineering Development Center, Tullahoma, -
Tennessee. The S-IVB stage, with 200,000 pounds (90,700 kg) of thrust, is ignited at
400,000 feet (121,000 i). The chamber will duplicate near-iacuan at that height.

tion (ICAO), a Presidential appoint- IVB stage of NASA's Saturn 5 booster, _4

ment, and as U.S. member of the designed to put the nation's astro-
ICAO Air Navigation Commission. He nauts on the moon and to orbit in-
became chief of the FAA's Field Ser- formation-gathering spacecraft around
vice Staff in the Office of International Mars and Venus.
Aviation Affairs in 1959, a post he The S-IVB. 58 feet (17.7 m) long and
held up to the present time. more than 21 feet (6.4 m) in diameter.

serves as the top stage of both the
America's largest high-altitude simu- Saturn I-B and the Saturn 5 vehicles.

lation rocket test cell will soon test It is powered by a North American
a section of the nation's biggest space J-2 engine generating thrust of 200,-
vehicle under altitude conditions. 000 pounds (90,700 kg). In its Saturn

The test cell, known as J-4, is 1 of 5 application, the stage burns briefly U. S. Army's PA TA (pneum !ra

2 high-altitude test cells in the Large to place itself and the Apollo space- amphibian) vehicle, shown on page 43 of

Rocket Facility at the U.S. Air Force's craft into earth orbit. Then, following te -an- issue, was precededbYthisoemnscale model built all/tested bi
Arnold Engineering Development Cen- a coast period, it reignites to increase its designer, Ling-Temco-Voug'ht Co.
ter, Tullahoma, Tennessee. It has an its velocity from about 17,000 mph
underground exhaust chamber 250 (27,370 km/hr) to about 25,000 mph
feet (76 m) deep by 100 feet (30.5 m) (40,250 km/hr)-enough to send the
in diameter. Apollo craft to the moon.

The vehicle to be tested is the S- The tests, to be conducted by ARO, (see cut). The project was later trans-
ferred to LTV's Michigan plant. We
are indebted to Robert A. Fisette.
LTV's Director of European Opera-
tions in Paris. and Arthur L. Schoeni

First firingtestsof U.S. of the corporation's Dallas headquar-
Army's Chaparralfsu ters for calling the error to our atten-
face-to-air antiaircraft tion.
missile system were
conducted recentlyat Seven allied medical officers from

Test Station, Chin 5 countries are attending a 6-month

Lake, California. Thi advanced aerospace medicine course
CaparrCaliaonodi. Th- at the USAF School of Aerospace

tion of the Sidewinder Medicine, Brooks Air Force Base,

air-to-air missile, is Texas.

mountedon an M548 Enrolled in the course, which runs
mself-oplledvehicl until June, are: Captain Wen-wu Shen,

-f-p~opelledtvehiclerof.Republic 
of China: Colonel Hansheinz

(Continued on following page)
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the Swedish vehicles. The number of
engines involved in the order was not

'_"tLdisclosed.
The turbines are used in a dual

powerplant package for the Swedish
37-ton (33.5 mt) S tank, a 155-mm
self-propelled gun, and a self-pro-
pelled 40-mm antiaircraft twin gun.
The vehicles utilize a reciprocating
engine for cruise power and the Boe-
ing turbine for boost power in high-
speed maneuvers.

The Swedish order for the 553 en-
gines will be administered by FN-
Boeing Turbines, S.A., a European
firm owned jointly by Boeing and

1i(en medial aitera fron. countries are pariicipatini in 6-moni th ancd cmrss at Fabrique Nationale d'Armes de Guerre
U.S. Air Forces School of Aerospace Medicine, Brooks Air Force Base, Texas. From of Belgium. FN-Boeing Turbines will
left to right, they are: Captain Wen-wu Shen, Republic of China; Colonel Hanshieinz arrange for manufacture of the 553
Kohler, Lieutenant Colonel Rudolf Schmidt, and Major Hugo Hembach, Federal Re- powerplants at Fabrique Nationale's
public of Germany; Lieutenant Colonel Isao Kuroda, Japan; Major Hung Bae Park, own Belgium facilities.
Republic of Korea; and Lieutenant Colonel Perfecto J. Barcelona, Republic of the
Philippines. All are graduates of an earlier basic course in aerospace medicine at tle Most promising aircraft of the futureschool. They wi/f spend part of the course working at other Air Force bases in U. is a helicopter thatfolds its blades

during flight and changes into a swift
fixed-wing plane, a Lockheed-Cali-
fornia Company engineer recently told

Kohler, Lieutenant Colonel Rudolf school. In this advanced course, after the aviation advisory unit of the North
Schmidt, and Major Hugo Hembach. refresher education, they will observe Atlantic Treaty Organization.
Federal Republic of Germany; Lieu- aerospace medicine in operation by After taking off vertically, the winged
tenant Colonel Isao Kuroda. Japan; spending a portion of the course on helicopter would stop its rotor blades
Major Hung Bae Park. Republic of duty at U.S. Air Force bases. and fold them back and then continue
Korea: and Lieutenant Colonel Per- * * as an airplane with speeds up to 500
fecto J. Barcelona, Republic of the An advanced Boeing turbine engine miles per hour (805 km/hr), Dr. Rich-
Philippines. has been ordered as a powerplant for ard M. Carlson reported at the meet-

The officers were previously gradu- a series of military vehicles being ing of the NATO Advisory Group for
ated from a primary course at the produced by AB Bofors of Bofors, Aerospace Research and Develop-

Sweden, for the Royal Swedish Army. ment (AGARD).
The engine is the Boeing 553 ve- He said feasibility of the proposed

hicular turbine. The 553. an advanced stopped-folded rotor aircraft has been
turbine which has been under devel- determined by Lockheed engineers in
opment at the Boeing Turbine Division U.S. Government-sponsored and inde-
for the past 3 years, weighs 385 pendent studies and in whirl-stand
pounds (165 kg). It has a normal rating tests using full-scale rotor blades
of 400 brake horsepower and a maxi- mounted on a 32-foot-long (9.7 m)
mum rating of 450 brake horsepower. helicopter test model.

The turbine engines have been or- The stopped-folded rotor aircraft.
dered by AB Volvo of Gothenburg, which would extend its blades to hover
Sweden. Volvo is producing the pow- and land like a helicopter, has out-
erplant and transmission package for standing potential in both the com-

/ 5,-Shown in whirl

stand test is this

test model of a

helicopter de-
signed by Lock-
heed-California

Company, which
can fold its
blades in flight

To inisp- iirioi of hYdrogen tanks in and operate as a
Saturn S-1VB stae, accessible onl fron fixed-wing air-
/S-inch (45.7 nuni aperture, Goodyear's craft at speeds up
Aviation Products )ivision fabricated this to 500 nph
iiflatable ladder. )eflated, it rolls into
12-inch (30.5 mm) bundle. Inflated with 80 km hr
iitroen. it extends to II feet (335 m),
aod ias strong anouesr to support 2 men.
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mercial and military fields, he pointed
out.

As a short-haul transport, it could Ak"
efficiently fly 60 passengers from city
center to city center over a 500-mile
(805 km) range. "Direct operating
costs appear to be highly competitive
with those of short takeoff and land-
ing aircraft," Dr. Carlson noted.

Lockheed studies indicate even
greater potential for the stopped-
folded rotor aircraft in antisubmarine
warfare missions and as a low-alti-
tude military tactical transport, Dr.
Carlson said.

Problems associated with stopping
the blades in flight are minimized with
a rigid-rotor system, according to Dr.
Carison, because the blades are fixed ielecrrier,hi alsoservesasa

rigidly o the mat-not higed or JTis5 is U.S ArHms .iersa5tile M-1/3 arnwried personne arewihas evsarigidly to the mast-not hinged or mobile command post, a cargo carrier, a self-propelled flamethrower, and a carrier for
teetered as they are on most conven- several types of weapons. M-113, built by FMC Corporation at San Jose, California, is
tional helicopters. also bein, coproduced for Italian Ariy by OTO Melara, La Spezia, Ital under an

"Design and analysis studies have atreement ith FMC Corporation, supervised by defense ministries of U. S. and Ital/.
indicated," said Dr. Carison, "that
conventional articulation (movement)
present in flapping (hinged) or teeter-
ing rotors must be mechanically re- a power turbine, thus providing twice be given an effective "kick" en route
moved when such rotor systems are the payload to empty-weight ratio of by a swing through the gravitational
stopped in flight." conventional shaft-driven helicopters. field of another planet.

* * Termed 'gravity-assisted trajecto-
Another approach to the problem A 2-phase program to assemble ries," the technique can make certain

of combining effective helicopter Cessna Aircraft Company's Model 150 space missions feasible which other-
VTOL capability with high forward in Reims, France, was recently an- wise would not be practical until ad-
speed is a hot-cycle rotorwing air- nounced by Del Roskam, Cessna Pres- vanced propulsion systems are per-
craft developed by the Hughes Tool ident. fected. according to John C. Niehoff
Company under a $297,000 study con- The 2-place, single-engine Model 150 of lIT Research Institute, Chicago.
tract from the U.S. Army. will be produced by Reims Aviation, The gravity-assist technique is under

An unusual feature of the rotorwing a Cessna affiliate which has been study for the National Aeronautics
design is that the center is a solid producing the F172 for sale primarily and Space Administration's Lunar and
triangular hub with a 13-foot (4 m) in European and United Kingdom mar- Planetary Programs Office, Washing-
radius. At 3 points of the hub are kets since 1963. The 4-place. single- ton, D.C.
mounted wingtips 10.5 feet (3.2 m) engine F172 is the French version of Direct missions to planets more dis-
long, making a combined blade sweep Cessna's Model 172. tant than Jupiter will tax the capability
diameter of 47 feet (14.3 m). Production of the Model 150 is being of current launch vehicles, making re-

Power is supplied by 2 General developed in 2 integrated phases, turns on a launch investment ques-
Electric 1/J1 jet engines mounted high Mr. Roskam said. The first phase con- tionable in view of the flight times
on the T-tail, reminiscent of the F-104 sists of the assembly at Reims of involved. Direct missions passing close
and C-141 tail. To power the rotor- major subassemblies shipped from to the sun present formidable energy
wing, engine exhaust is piped for- Cessna's Commercial Aircraft Division demands which cannot be met with
ward through the rotor shaft and out in Wichita, Kansas. while major as- current launch vehicles.
the blade tips. The aircraft would sembly jigs are fabricated by Cessna Niehoff explains how gravity-assisted
take off vertically, applying rotorwing. for Reims. When the jigs are deliv- trajectories can alleviate these prob-
When it achieves horizontal flight ered, Reims Aviation will construct lems. For example, a gravity assist
speed of 150 mph (240 km/hr), the aircraft from detail parts and sub- from Venus on a 115-day Mercury
rotor is stopped with the forward assemblies produced by Cessna and mission launched by an Atlas-Centaur
blade resting along the fuselage. its subcontractors. rocket would permit a payload in-
The triangular hub and remaining 2 Engines for the French-produced crease from 400 pounds (181 kg) to
blades then form a delta wing meas- Model 150s will be procured by Reims 1,200 pounds (544 kg), Niehoff said.
uring 42 feet (12.6 m) from tip to tip. Aviation from Rolls-Royce, which also A Saturn 1B-Centaur rocket could
No mechanism is required to fold or builds engines for the F172. propel a lightweight spacecraft to
stow blades. GE engines, operating Most of the French-produced Model Uranus in 4.75 years with a Jupiter
conventionally, then enable the plane 150s will be sold in Europe and the assist. Without the assist, the flight
to reach speeds above 400 mph (640 United Kingdom by dealers operating would take twice as long.
km/hr). under Cessna's wholesale distribution Niehoff pointed out that Jupiter,

Dimensions of the proposed craft zone centered in Brussels, but Mr. with its large mass, is the most effec-
are 70 feet (21.3 m) long, 21 feet (6.4 Roskam explained that Reims-built air- tive planet from the standpoint of
m) high, with empty weight of 12.800 craft will be available for delivery any- gravity-assist performance. His anal-
pounds (584 kg), and maximum take- where in the world. ysis reveals that a gravity assist from
off weight of 28,400 pounds (12,882 kg). * * * Mars or Venus to a Jupiter target

The hot-cycle rotor drive, say Spacecraft destined for solar sys- provides little or no improvement over
Hughes engineers, eliminates need for tem targets, including the sun, can (Continued on following page)
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direct flight. Jupiter assists, however. The new system, HCM-204, is a The transistorized circuitry of the
will aid missions to outer planets. general-purpose digital computer of HCM-204 uses etched printed circuit

In fact, he said, it has become less than half the weight and size boards linked together by an auto-
apparent that post-Jupiter objectives of the vacuum tube computer now matic wire wrap process. This tech-
are almost limitless, extending from used in the MA-1 navigation and nique is also used by Hughes in con-
trajectories which will return a space- weapon control system of the Mach junction with the Polaris missile Mark
craft to earth to trajectories which 2 Delta Dart jet interceptor. The de- 84 fire-control system. Heart of the
carry the spacecraft completely out sign development is being conducted new computer is an air-bearing mem-
of the solar system. under contract with the Aeronautical ory drum, 3 inches (7.6 cm) in diam-

Systems Division of Wright-Patterson eter and 3.25 (8.2 cm) long, which
A solid-state computer with an ex- Air Force Base in Ohio. will provide storage for more than

pected reliability 20 times as great The 20-to-1 increase in computer 600,000 bits and will have a memory
as in the computer now used in F-106 reliability will improve the rate of capacity of 33,000 words, triple the
interceptors is being designed by mission success, will lower mainte- capacity of the present system.
Hughes Aircraft Company for the U.S. nance costs, and will make possible
Air Force. a wider tactical use of the F-106. A new infrared guidance system will

soon be tested and evaluated at the
U.S. Army's Ballistic Research Lab-
oratory, Aberdeen Proving Ground,
Maryland.

The Army will study this concept
as a possible guidance technique for
a third-generation airborne antitank
weapon for helicopters. Developed by
Aerojet-General Corporation of Azusa,
California, as part of a proposed mis-
sile called Teton, the infrared system
directs an invisible beam of light onto"S A V E D "its target, and the missile rides the
beam from the helicopter or aircraft
to the impact point. A stabilized sight
allows the gunner to follow his targetNV I AETMeven though the helicopter or aircraft
maneuvers to evade enemy fire. If theV IET N A Mmissile is pursuing a moving vehicle,
Teton gunners score a hit by holding
the infrared beam on the target, the
missile chasing the vehicle like an
enormous curve ball.

Grece is receiving radarequipment
~ ~to modernize its air-route traffic-con-

-N.., trol center at Athens from the U.S.
Federal Aviation Agency.

Included are a radar bright dis-
play system (RBDE), a video mapper
to be used with the existing Athens
radar system, and a microwave link

The United States is doing its best to make sure that the gallantry of (RML) to bring radar data into the
0 center from the radar site located

its fighter pilots isn't squandered in preventable landing and takeoff somedistance from Athens.
accidents. Large numbers of Bliss BAK-12 portable runway arresting The RBDE is the same as that
units are in service at Vietnamese air bases. One fighter squadron used in FAA's air traffic control facil-

ities. The system involves a storage
reports no less than sixteen emer- tube which converts raw radar data
gency arrestments in a single into a television-type display which
month! For detailed information can be used in ordinary daylight or

lighted rooms. It also provides target
on the BAK-12 and other Bliss trail history which tells air traffic con-
arresting gear units, write E. W. trollers not only where an airplane is
Bliss Company, 101 Chester but also where it has been, the direc-

tion it is going, and gives a rough
Road, Swarthmore, Pa. In Europe: estimate of speed. Rates at which the

d E. W. Bliss, 54 Boulevard Victor stored information fades can be

BisBAK-12 unit Hugo, St. Ouen (Seine), France. chnebyteotrlrtosite
needs of the air traffic situation.

The microwave link was formerly
ENGNEE ING RESEARCH used by FAA and was to becompletely

A N EVELOPMIT CENTER refurbished at the Collins Radio Com-
AND DEVELOPMENTCENT Rpany Cedar Rapids, Iowa, prior to

E. W. BLISS COMPANY * SWARTHMORE, PENNSYLVANIA shipment to Greece.
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The FHANTOII'1 1I,
utilizing in-flight refueling, can fly non-stop
from the mainland of the United States to the
scene of every Limited Action that has occurred
since 1945 in less than 14 hours.

This global capability was demonstrated inan 18-hour, now entering service with the United States Air Force. Few
10,000-mile non-stop flight of four Tactical Air Command other jet fighters can now even operate from short runways
Phantoms from MacDill AFB, Fla., December 1-2, 1964. like these. None can match the Phantom's capability for

Fully loaded Phantoms operate easily from hard surface bringing Mach 2multiple-mission, all-weather, heavy load
5,000-foot runways, even with bombloads of more than carrying air power to advanced fighter strips.
7 tons. Hundreds of serviceable asphalt runways, already Fully loaded Navy and Marine Phantoms also operate
built, can now be used for combat operations of the Phantom from aircraft carriers.

Phantom 17 Fighter, Attack and Reconnaissance Aircraft * STOL Transport*
Gemini, Asset and Aeroba/Histic Spacecraft * Capsular Escape Systems *Ta/os Missile Airframes and Engines*

Electronic Systems and Equipment * Photo /nstrumentation Equipment and Systems *Automation

ST. LOUIS
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