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CRYOGENIC TRANSFER PUMPS
for every GSE need

Centritugalpumps,developedandproduced
by our Turbomachinery Division, handle
nydrogen, oxygen, nitrogen, fluorine, and
fluorides. Standard designs are immediately
availlable, or can be adapted to meet
special requirements for pumping any

and all rocket propellants.

» Low Net Fositive Suction Head offers
advantage of pumping from unpressurized
tanks, with significant large installation

savings HY Y/[ fuel hunita'r'pumps provide higher

reliabllity, are lighter in weight, and cost less

« Capacities from 50 to 5500 gpm
« Pressure rises from 50 to 2000 psi

« Light wet-end weight, resulting in low

boilott during system cooldown Stil]_ A}‘LO t}zer HYdl‘O -Aire P]:'O duCt fOI‘

« Leakproof sealing systems for safely

handling hazardous tluids the AIEI*C}qaf.;t alld MZ.SSI‘ZE’ :[n(:llls‘tldies

« Variable-speed electric motor pump drive
for varying pump output requirements

The Hydro-Aire fuel booster pump shown above is typical of a universally
: accepted family of pumps—known around the world —flown around the world.

SLUBSIDIARY
3

(GENERAL As used in jet fighters, bombers, and missiles, this pump is lighter —weighing

CORPORATIONMN TIRE )/ = - . . .
— . : ' only 6.8 pounds—is lower in cost, has proven much more reliable. It pumps

Flants & Arusa and near Sscrearmenio. CTaliloemes AUBBER

COMPANY S =—— 20,000 pounds of fuel per hour at 16 psig minimum. Ambient temperature range
' ' 1s —65°F to 250°F at sea level to 100,000 ft. altitude. These units consistently
demonstrate excellent dry running, vapor and ice handling characteristics.

Attention: Fuel System Designers
Hydro-Aire can supply pumps, subsystems or systems to handle Avgas,

JP fuel, water, alcohol, liquid nitrogen, liquid oxygen, hydraulic oil and
engine oil. They can be supplied electric motor driven, hydraulic motor 3
driven, engine driven or turbine driven.

BURBANK, CALIFORNIA
Diviseon ol CRANE CO

: 1 T & . Fo_s D | d d
Engineers: Interesting opportunities are available. Write EE el hle ﬂ‘:‘_::,.m’:j"ﬁm“rﬁ;; <

or call Mr. Douglas Nickerson, Chief Engineer, 3000 Winona nents, sub-systems and sys-
tems for aircraft, missiles,

A"Tﬂnuer Burbank. elactronics, transportation
and general industry.

Send your requirements or write for information.

Engineers, scientists — investigale oulstanding opportunities at Aerojel

“high vanor/liouid ratio
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SARGENT
FACILITIES

Research
Design
Development
Testing

Qualifying

“GOOD WILL” is the disposition of

SERVO-SYSTEMS
FORCE CONTR.L:]

With 38 vears acceptance Sargent builds precision linear and
rotary hydraulic, pneumatie, mechanical and electronic svstems
of force control to meet successfully the increasingly high require-
ments of marine, aircraft, missile, petroleum and industrial use,
From original idea to finished product — SARGENT.

Manufacturing Hydraulic Pumps

"Fﬁ SARGENT
1 Hydraulic Motors

including — "“'-; BUILDS -

_ _ | Pneumatic Cylinders
Machining & Grinding . Servo-Systems Pneumatic Valves
Heat Treating, all types = Hydraulic Systems Ball Screw Actuators
Plating, all types ~ Integrated Packages Gear Actuators
Inspection h; Hydraulic Actuators Gear Accessory Boxes
Assembly . Hydraulic Valves Electronic Systems

Seandard cya Cxvecellence Sernce 1920

ENGINEERING CORPORATION

the pleased customer to return to the 7

place where he has been well treated.
- . 5.

MAIN OFFICE & PLANT, 2533 E. FIFTY-5IXTH 5T.

Supreme Cownrt HUNTINGTOM PARK, CALIF,

AVIATION CALENDAR

Jan. 11-13—Sixth National Symposium on
Reliability and Quality Control in Elec-
tronics, Statler-Hilton Hotel, Washing-
ton, D. C.

Jan. 11-15=1960 Annual Meeting, Socicty
of Automotive Engineers, Sheraton-Ca-
dillac and Statler Hotels, Detroit, Mich,

Jan. 12-16—16th Annual Technical Conter-
ence, Society of Plastics Engineers, Con-
rad Hilton Hotel, Chicago, Il

Jan. 18-20—=12th Annual Convention, Heh-
copter Assn. of America, Disneyland Ho-
tel, Anaheim, Calf,

Jan. 18- 21—Sixth Annual Meeting, American
Astronautical Society, Statler-Hilton Ho-
tel, New York, N. Y.

Jan. 18-Feb. 5—Aviation Institute for Busi-
ness Pilots and Commercial Carriers,
University of Southern California, Los
Angeles, Calif.

Jan. 20-22—Capitalizing on Technology,
Special Research and Development Con-
ference, American Management Assn.,

Roosevelt Hotel, New York, N. Y.

Jan. 25-26—Annual Mecting, Association of
Local Transport Airlines, National Awvia-
tion Clubh, Washington, D. C.

Jan. 25-28—28th Annual Meeting, Institute
of the Acronautical Sciences, Hotel Astor,
New York, N. Y. Honors Night Dinner,
Jan. 26.

Jan. 28-29—Solid Propellants Conference,
American Rocket Society, Princeton Uni-
versity, Princeton, N. J.

Feb, 1-4=Winter Conference & Exhibit,
Instrument Society of America, Rice Ho-
tel and Sam Houston Coliseum, Houston.

Feb. 3-4—Sixth Annuval Midwest Welding
Conference, Illinois Tech Chemistry
Bldg., Chicago, Ill. Sponsors: Armour
Rescarch Foundation of Illinois Institute
of Technology; Chicago Section, Ameri-
can Welding Society.

Feb. 3-5—-1960 Winter Convention on Mili-
tary Elcctronics, Institute of Radio Engi-

(Continued on page 6)
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*  Positive Mechanically Locked Stem

*  Flush Fracture (No Stem Trimming)

*  Strong Clinch

*  Wide Grip Range _ _
Positive Hole Fill

*

The Cherrylock* ““2000" Series One rivet can be used for
Locked Stem Rivet offers every  several material thicknesses, re-
feature desired in an aircraft ducing stock requirements and
blind rivet . . . proven high lowering costs. Positive hole-
sheet clamp-up with no stem  fill, even in oversized holes, sim-
trimming (fractures flush onin-  plifies preparation problems to
stallation), uniform head seat- further reduce installation
ing, complete hole-fill, wide grip  costs. Available in:

range,

cally locked stem.
Fast, economical, easy in-

and positive mechani- A-286 Stainless Steel—

Monel—=Aluminum

stallation (with no stem trim- For technical data on the
ming) i1s available with Cherry-  new Cherrylock “2000" Series
lock rivets, using existing  rivets, write Townsend Com-
Cherry installation guns. You  pany, Cherry Rivet Division,
get better fastening at lower Box 2157-N, Santa Ana, Cal-
installed cost. ifornia.

*Fatent Pending

CHERRY RIVET DIVISION

Townsend Company
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AIRBORNE R8010 TEMP. CONTROL SYSTEM

achematic diagram of temperature con-
trol system developed by Airborne for use
on Martin PEM2 Seamaster. System
operates on 28 v d-c, maintains fuel tem-
peratura at approximately 200°F. by mon-
itoring ram air flow to airfengine-ocil heat
exchanger. Oil is used in turn to heat fual.

Airborne electromechanical system

regulates jet fuel temperature

An integral part of each main
engine installation on the Martin
P6M?2 Seamaster is an Airborne
R-8010 custom-engineered temper-
ature control system. By regulat-
ing air flow through a heat ex-
changer, this system maintains
supply line fuel at 180-220°F.

As developed for the P6M2, the
R-8010 system consists of a ther-
mistor probe, a control amplifier
and a rotary actuator. The probe
(mounted in an MS10057-12 fit-
ting) is in direct contact with the
temperature-regulated fuel and
presents to the control box a re-
sistance which is proportional to
fuel temperature. In response,
the control box energizes the ac-
tuator to change the setting of a
ram air intake valve, thus regu-
lating volume of air flow through
an air/fuel heat exchanger. This
sensing and response continues
until prescribed fuel temperature

is attained, at which point the
system reaches a state of electrical
balance.

A fail-safe feature is also pro-
vided. In the event of power fail-
ure, a magnetic clutch in the
actuator 1s released, permitting the
air valve to be pushed open by the
force of the ram air,

This application® on the P6M2
illustrates only one of many pos-
sible adaptations of the Airborne
R-8010 system for temperature
control functions on aircraft,
missiles and related equipment—
cabin temperature control, engine
temperature control, temperature
regulation of fuel, oil, electronic
cooling packages, etc. If you have
requirements in these areas, we
will be happy to make a proposal.
Contact any of our offices.

*Deseribed in detail in new Bulleétin PS-4A,
available on request,

Engineered Equipment for Aireraft and Imdusiry
AIRBORNE ACCESSORIES CORPORATION

HILLSIDE 5, NEW JERSEY e Offices in Los Angeles and Dallas

AVIATION CALENDAR
(Continued from page 5)

neers, Biltmore Hotel, Los Angeles.

Feb. 10-12—Seventh Annual Solid-State Cir-
cuits Conference, Philadelphia, Pa. Spon-
sors: Institute of Radio Engineers; Amen-
can Institute of Electrical Engineers; Uni-
versity of Pennsylvania,

Feb. 16-18—First National Symposium on
Nondestructive Testing of Aircraft and
Missile Components, Hilton Hotel, San
Antonio, lTex. Sponsors: Southwest Sec-
tion, Society for Nondestructive Testing;
Southwest Research Institute.

Mar. 9-11—Conference on the Mechanical
Propertics of Engineering Ceramics,
North Carolina State College, Raleigh,
N. C. Sponsors: North Carolina State
College School of Engineering; Office of
Ordnance Research, U. 5. Army.

Mar. 10-11—National Flight Propulsion
Meeting  (classified), Institute of the
Aeronautical Sciences, Cleveland, Ohio.

Mar. 23-25—5ymposium on Optical Spectro-
metric Measurement of High Tempera-
tures, University of Chicago, Chicago,
Il. Sponsors: Umversity of Chicago’s Ap-
plied Science Laboratories; Jarrell-Ash
Co.; National Science Foundation.

Apr. 6-8—Structural Design of Space Vehi-
cles Conference, Biltmore Hotel, Santa
Barbara, Calif. Sponsor: American Rocket
Society's Structures and Matenials Com-
mittee.

Apr. 6-8—1960 National Meeting "Hyper-
Environments—Space Frontier,” Institute
of Environmental Sciences, Biltmore Ho-
tel, Los Angeles, Calif.

Apr. 19-21—International Symposium on Ac-
tive Networks and Feedback Systems,
Engineering Societies Bldg.,, New York,
N. Y. Sponsors: Polytechnic Institute of
Brooklyn; Department of Defense Re-
search Agencies; Institute of Radio Engi-
NCCTs.

Apr. 20-22 — National Symposium on
Manned Space Stations, Institute of the
Aeronautical Sciences, Ambassador Hotel,
Los Angeles, Calif. Cosponsors: NASA;
the Rand Corp,

Apr. 21-22—Southwest Metals & Mlinerals
Conference “Metals and Materials for the
Space Age,” American Institute of Min-
ing, Metallurgical and Petroleum Engi-
neers, Ambassador Hotel, Los Angeles.

Apr. 25-29—41st Annual Convention and
Exposition, American Welding Society,
Biltmore Hotel and Great Western Ex-
hibit Center, Los Angeles, Caltf.

Apr. 27-28—National Meeting on Space Age
Matenals, Cincinnati Chapter of the
American Society for Metals, Sheraton
Gibson Hotel, Cincinnati, Qhio.

May 9-11-1960 Symposium of the Insti-
tute of Radio Engineers’ Professional
Group on Microwave Theory and Tech-
niques, Hotel del Coronado, San Diego.

May 9-13—5econd Southwestern Metal Con-
press and Exposition, American Society
tor Metals, Sheraton Dallas Hotel and
State Fair Park, Dallas, Tex.

May 10-12—1960 Electronic Components
Conference, Willard Hotel, Washington,
D. C. Sponsors: Institute of Radio Eng-
neers' Professional Group on Component
Parts: American Institute of Electrical
Engineers; Electronic Industries Assn,;
Western Electronic Manufacturers Assn.

AVIATION WEEK, December 28, 1959
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NEW VANE-TYPE FUEL PUMP

. « « » Gives longer service life when

120X magnification of
contaminated jet fuel

pumping contaminated jet engine fuels at

high volumes and pressures

Vickers balanced-vane type jet engine fuel pumps
designed to meet stringent MIL-E-50098 and MIL-
E-8595 contaminant tolerance requirements are
avallable in a size range of 500 to 50,000 PPH,
develop up to 1000 psit and operate at speeds up to
6000 rpm. Pumps can be provided for speeds as high
as 20,000 rpm and pressures above 1500 psi, where
required. The housing configuration is adapted to
specifie installations.

Model shown has these performance character-
istics: Pressure—to 1000 psi; flow—4000 PPH,
speed—4000 RPM; temperature range—65° to
300° F, weight—>5 lbs, size—434" dia., 554" long.

Designed for a service life of 1000 hours, the new
Vickers vane pump was proved in more than 3400
hours of rigorous testing over the last two years (see
Bulletin A-5242). Wear compensaling parts and new
material combinations extend serviee life.

Write for Bulletin A-5242 for more details.

AERO HYDRAULICS DIVISION

VICKERS INCORPORATED

DETROIT 32, MICHIGAN

g SLTa
givision of 84

SPERRY RAND CORPORATION
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Costs Crimp Nation's Top Space Project.......... 16

> NASA reduces Mercury mission, advanced work delayed; funds are
shifted in an effort to maintain progress.

Airlines Face Excess Capacity Problem... ... ..... 26

® Trunklines gear to cope with surplus seats in 1960, see no relief
next year from present profit squeeze.

F-105 Spearheads TAC Fighter Forces. . ... ....... 31
» Republic’s single-place aircraft will be No. 1 fighter unit for

TAC's Composite Air Strike Force.
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Costs Crimp Top Space Project. .. ...
Astronout Dispersal Plan......... !
Survey Indicates Space Support.....
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Improved An-10 Flies to U. S.......
X-18 Makes Conventional Takeoff. . .

Soviet Yok-24 Management. .. ... ..
British Envision Ducted Fan VTOL. . ..

Production Briefing ............. i
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New Avionic Products ............
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BUSINESS FLYING
Cessna Unveils 310D Twin. ...... 1

Lavrels for 1959

AIR TRANSPORT

COVER: Republic's I'-105 Thunderchiets, shown in formation, were designed
from the start as fighter-bombers for the Tactical Air Command. The super-
somic F-105 recently flew 1,216.4 mph. to set a new world’s speed record for
the 100 km. (62.14 stat. mi.) closed course at Edwards AFB, Calif. For an
operational report on the all-weather, single-place Thunderchief, which will
be the No, 1 fighter unit for TAC's Composite Air Strike Force, see p. 37,

Cover—Republic; 18, 19—Aviation Week (Cameramen, Inc.); 22—Hiller Aircraft Corp.; 24—
Cessna Aircraft Co.; 29, 81 —Boeing Airplane Co.; 31—Eastern Air Lines: 37, 38, 39, 43—
Republic; 46, 47 (top)}—Ralph Alex; 47 (bottom)}—R. B. Heotz; &7—Bristol Siddeley; 73—Bell
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Explorer VI

-

isa _ _--~
“space laboratory N
/’ orbiting “

around :

\ the

paddles

capturing
sunlight
for

power

How ? Because Explorer VI's 132 pounds of
electronic components are powered by storage
batteries kept charged by the impingement
of solar radiation on 8,000 cells in the four
sails or paddles equivalent to 12.2 square feet
in area @ Many more of the scientific and
technological miracles of Explorer VI will be
reported to the world as it continues its epic
flight, The STL technical staff brings to this
space research the same talents which have
provided systems engineering and over-all
direction since 1954 to the Air Force Missile
Programs including Atlas, Thor, Titan,
Minuteman, and the Pioneer I space probe.

The scientific data that will some day enable
us to probe successfully to the very fringes of
the universe is being recorded and transmitted
at this moment by the space laboratory
Explorer VI, a satellite now in orbit around
the earth @ This project, carried out by Space
Technology Laboratories for the National
Aeronautics and Space Administration under
the direction of the Air Force Ballistic Missile
Division, will advance man's knowledge of :
The earth and the solar system . ..The magnetic
field strengths in space . .. The cosmic ray
intensities away from earth ... and,

The micrometeorite density encountered in
inter-planetary travel @ Explorer VI is the
most sensitive and unique achievement ever
launched into space. The 29" payload,

STL designed and instrumented by STL in
cooperation with the universities, will remain
“wvocal’ for its anticipated one year life.

Important staff positions in connection with
these activities are now available for
scientists and engineers with outstanding
capabilities in propulsion, electronics,
thermodynamics, aerodynamics, structures,
astrophysies, computer technology, and
other related fields and disciplines.

Inquiries
and resumes

Laboratories, Inc. i

P.O. Box 95004
Los Angeles 45, California

Space Technology J
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EDITORIAL

Laurels for 1959

We have not only reached the end of another
tumultuous vear in aviation and its related technologies
but also the end of a decade that mayv well be labeled
the “fabulous fifties” from its record of technical develop-
ments and the “fatuous fifties” from its record of policy
bumbling, executive indecision and the insidious emerg.
ence of a complacency that accepted the idea that the
United States could slip to second best in technology
without endangering its leadership of the free world.
New political leadership is inevitable in the decade that
looms ahead, regardless of which party wins the national
clection of next fall, and new policies are bound to
result.

This vear, like 1958, would find that a list of “goats”
who have slowed the wheels of progress probably would
be longer and more appropriate for the times than a
recital of the constructive achievements in our feld.
However, here are the people, organizations and equip-
ment we think have made significant contnibutions to
American aviation and its related technologies during
1959:

e Convair's San Diego Division and USAF Mlaj. Joe
Rogers for bringing the world speed record back to the
United States with a 1,525 mph. performance m a
standard F-106 Mach 2 all-weather interceptor.

® Lockheed Aircraft Corp. and USAF Capt. Joe Jordan
for setting a new world altitude record of 103,395 ft. in
an F-104C interceptor.

¢ Republic Aviation Corp and USAF Brig. Gen. Joe
Moore for returning the 100 km. closed-course record to
the U. S. with an F-105B averaging 1,216 mph. over the
course.

* Brig. Gen. Homer Boushey, USAF director of advanced
technologies, for his persistent, articulate and courageous
exposition of a military space program.

® Rear Adm. John S. “Jimmy” Thach for his effective
effort to organize a broad technical-military attack on the
anti-submarine warfare problem and his leadership of
Navy ASW forces in the Atlantic.

® Max Conrad for his persistent demonstration of the
long-range reliability capability of U. §. manufacturers of
business aircraft, engines and navigation equipment.

* Allegheny Airlines and its President Les Barnes for its
pioneering program aimed at developing genuine air
commuter service,

® Col. Harry J. Moseley, chief of the Acromedical Satety
Division for the USAF Inspector General, for his work
in design and retrofit of operational aircraft to reduce
crew injuries in accidents, particularly in cutting the
fatalitv rate in use of ejection equipment. Col. Moseley
was killed in an aircraft accident this vear.

* Sen. John Stennis, chairman of the NASA authoriza-
tion subcommittee of the Senate Aeronautical and Space
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Sciences Committee, and Max Lehrer, assistant director
of the committee staff, for their planning and execution
of the public hearings on the first National Aeronautics

and Space Administration program.
e Gen. Thomas S. Power, chief of Strategic Air Com-
mand, for his valiant efforts to keep the U. 5. deterrent

power at the maximum possible efficiency with the lim-
ited resoutces placed at his disposal and his persistent
efforts to accurately inform the American people on
their defense problems.

» Charles Thomas, president of Trans World Airlines
for galvanizing this airline’s emploves into an amazing
leap from deep in the red to well into the black in the
initial vear of his presidency.

e Convair's Astronautics Division, particularly its chief
“Jim” Dempsey plus “Charley” Bossart, “Charley” Ames
and “Bill” Patterson, for bringing the Atlas ICBM to
fruition as a reliable, accurate and significant weapon in
the U.S. arsenal. Atlas made its 13th consecutive suc-
cessful full range flight in December.

® Boeing Airplane Co. and the seven airlines who op-
erated the 707 turbojet transport in regular service this
vear carrving a total of 1,727,000 passengers and flying 3.5
billion passenger miles in scheduled service without a
passenger mjury.

elgor Sikorsky for his personal contributions in his 71st
vear to the development of the S-60 and S-64 flving
crane concept for helicopters,

® Pan American World Airways for its inauguration of
round-the-world service bv turbojet transport with a
regularly scheduled flving time of 37 hr. 45 min.

® Jacqueline Cochran, president of the Federation Aero-
nautique Internationale Assn., and Thomas Lanphier,

Jr., president of the National Aeronautics Association, for
their organization and leadership of the American dele-
gation to the FAI conference in Moscow.

e Arthur Kelley, vice president-sales for Western Air
Lines for one of the most imaginative and forward look-
ing airline sales programs designed for solving jet age
problems.

® The dozens of avionics firms who by “thinking small”
pioneered new molectronic and microcircuitry technigues
that promise to revolutionize the avionics field and have
particularly promising applications in space technology.

* Fllwood R. “Pete” Quesada, Federal Aviation Agency
chief, for his vigorous leadership of this new agency and
its broad scale attack on the major problems of civil
aviation.

® Rocketdyne Division of North American Aviation, Inc.,
for its consistent performance in providing powerplants
of high reliability for both U. §. IRBNIs, the Atlas ICBNI

and the Atlas, Thor and Juno space probes,
—Robert Hotz
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0
@ NEW LUXURY ON THE NEWEST JET

®
JET MAINLINER, BY DOUGLAS

To live this well you used to have to be on terra firma, But that was before United’s DC-8 Jet Main-
liner®, Such space, such seats, such windows, such livability you’ll find on no other plane. Many
features of the DC-8’s superiority are immediately obvious. Other qualities—silence and smoothness
for instance —you’ll discover on your first flight. Make it soon, won’t you?
For reservations, eall United Air Lines or consult your Travel Agent. -\\

 THE BEST OF THE JETS...PLUS UNITED'S EXTRA CARE

The Red Carpet®™ Room runs the fudl width of the cabin—largest lounge in the sky.
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WHO'S WHERE

In the Front Office

Jan Qostermeyer, board chairman, Per
manent Filter Corp., Los Angeles, Calif,
Also: Dan S, Mortensen, chief administra-
tive officer and a dircctor; Allan D, Green-
wood has resigned as president but will
remain available to the company as a con-
sultant,
~ Walter Sternberg, a director and a mem-
ber of the executive committee of South
Pacific Air Lines, and Sam Wilson, vice
president and chicf of operations., Mr, Stern-
berg formerly was sentor vice president of
National Airlines and Mr, Wilson, executive
vice president for Transocean Air Lines,

Frank B. Jewett, Jr., president, Vitro
Corporation of America, New York, N, Y.,
succeeding J. Carlton Ward, Jr.,, who has
been named board chairman, Charles S.
Pﬂ}'mn. rvtiring board chairman, has been
clected chatrman of the directors’ executive
committee.

Dr. A. B. Van Rennes, vice president in
charge of the Technical Division, United
Research, Inc., Cambridge, Mass.

Richard B. Hubbard, vice president and
a director, Rovlyn, Inc.. Glendale, Calif.
Also: Benjamin N. Channesian, production
MANAgr,

Rear Adm. Mell A. Peterson (USN, ret)),
executive vice president and a  director,
Bulova Research & Development Labora-
tories, Inc., Woodside, N, Y.

John T. Kane, vice president and treas-
urer, Los Angeles Airwavs, Inc. Also: Mer-
vin F. Bagan, vice president-assistant to the
president; Fred W. Milan, vice president-
bransportation.

Rear Adm. Frederick J. Bell (USN, ret),
vice president-\Washington, D, C., office for
CGeneral Telephone & FElectronics Corp.

H. E. Riggins, Jr., who is divisional vice
president-admimistration, also appointed as-
sistant general manager, Radioplane Division
of Northrop Caorp., Van Nuvs, Calif.

Harry Davis, special assistant (air defense)
in the Office of the Director of Defense Re-
search and Engineering, Washington, D. C.
Alsa: Albert W. Blackburn, special assistant
to the assistant director of defense research
and engineering for strategic weapons.

Wesley L. Hjornevik, deputv director of
busimess  administration for the National
Acronautics and  Space  Administration,
Washington, D, C.

Rear Adm. William A. Sutherland. Jr..
commander, Fleet, Air, Western Pacific,
reliecving Rear Adm. William M. Nation.
Rear Adm. Ray C. Needham will relieve
Adm. Sutherland as commander, Carrier
Division Two,

Honors and Elections

Howard Cary, a dircctor, Varian Asso-
ciates, Palo Alto, Calif. Mr. Carv is presi-
dent of Applied Physics Corp.

Francis M. McDermott has been named
executive director of the Air Traffic Control
Assn., Washington, D, C.

William J. Hogan, exceutive viee presi-
dent-finance  and  planning  for  American
Airhings, has been named chairman of the
company’s finance committee.

(Continued on page 87)
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INDUSTRY OBSERVER

> \Wright Air Development Division is expected to tell Douglas Aircraft Co.
next month to initiate research and development of the GAM-8TA air-
launched ballistic missile, following Defense Department approval, Funding
for this phase mayv run as high as $125 million. Douglas’ initial study con-
tract now extends to March,

> Air Force is considering both television and infrared scanning techniques
for general security surveillance of areas surrounding the unattended silo
launch sites for the Minuteman 1CBM.

» Proposals for mechanical conversion scheme for SNAP 8 nuclear turbo-
clectric power generation svstem are scheduled to be submitted to National
Acronautics and Space Administration carlv in Januarv. Contract for reactor,
under Atomic Encrgy Commission cognizance, probably will be awarded to
North American Aviation Atomics International Division.,

» Air Force plans to outfit the Boeing B-52ZH with existing electronic coun-
termeasures equipments following recent decision to stop production of the
AN/ALO-27 ECM system at Sperry Gyroscope Co. (AW Dec. 21, p. 15).
ALQ-27 represented the first real systems approach to bomber countermeas-
ures in which the ECM operator would have a variety of techniques and fre-
quencies to meet unexpected sitnations. With its cancellation, USAF will
revert to its former “black box™ approach in which the selection of ECM
equipment carried on each mission is largely tailored to the mission.

» Douglas Aircraft Co. proposal to Air Force for emplovment of the Thor
intermediate range ballistic missile plus upper staging as ICBMs calls for
use of storable propellants. Vehicle has been designated Storic.

> Development status and projections for support and operation of WS-117L
Samos satellite optical reconnaissance phase and Midas infrared early warning
capability are being reviewed by Air Force headquarters to define the time-
table for critical factors for these two satellite capabilities.

» General Electric YJ93 turbojet engine for the North American B-70 prob-
ably will be developed without the refinements of weight and projected
efficiency originally planned, although it is likely that the original date for
test stand operation of the engine in the spring of 1961 will be adhered to,
despite reorientation of the B-70 program.

» Growing number of electronic support systems involving automatic data
processing and display has prompted Air Force to study possibility of
combining one or more of them. Several teams of technical specialists will
be formed shortly by Air Research and Development Command to anal ze

operational requirements established for the 1965-75 period and determine
how they can most effectively and economically be met. Results of the study

are expected by late spring or early summer. Svstems certain to be considered

include Strategic Air Command Control Svstem (465-L), Norad Combat
Operation Center (425-L), Air Force Control Svstem (473-L), Intelligence
Data Handling Svstem (438-L) and Electromagnetic Intelligence System

(466-L).

» North American will probably eliminate the large dive brake on the belly
of the Navv A3]-1 in production models. Prototvpe flight tests indicate
the wing spoiler-brake svstem provides effective short ficld performance.

» International Telephone & Telegraph Corp. Industrial Products Division
and Electronic Communication, Inc. Air Associates Division are considering
a joint venture for expanded participation in supplving avionics products
for lightplane and business flving markets,

» Grumman F1IF-1FF Super Tiger is being considered with the Swedish
Saab Draken J35A and French Dassault Mirage 3 for the fighter role in the

Swiss air force re-cquipment program, not the Fiat G.91 as carlier reported
(ANY Dec. 14, p. 23).
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The Radar Course-Directing Centrals designed and produced by Stavid for the

REGULUS missile provide the Navy a means of pin-pointing tremendous striking
power against targets in hostile territory. Submarines now operational are capable

of command-guiding the missile in flight, and provide missile crews with an
automatic presentation of bearing and range information through data-stabiliza-

tion and course computers.

Stavid's electronics capability is strikingly demonstrated in this task which
required design and manufacturing skills ranging from the antenna to the com-
puters — all developed and produced within our facilities.

The Stavid capability ranges from original research to system redesign for
mechanized production. Recent accomplishments include;

» Gun Fire Control System Mark 70
* Radar Beacon for X-16 Aircraft
» Beacon Telemetering System

Rl

S e 1

-

M1SSILE GUIDANCE OQUTPOST eecceee

Stavid Section Engineer,
Richard Holmberg, has 12
years' experience in electvon-
ies development, including
project direction of guidance
syatems, eleotronic gimulators
and fire controls.

STAVID Engineering, Inc. ruieio, new sersey

Outstanding engineers and scientists are invited lo inquire into opport nnities
on Stavid's advanced syvstems engineering leams.

Promotion Directive

Future promotion of carcer officers to anv of the
general or flag ranks will be tied to pror service on
joint staff, combined, or unified command or allied staff
unit under terms of a new directive issued by Defense
Secretary Thomas S. Gates, Jr. The directive, designed to
lessen inter-service rivalry and provide top-level ofhicers
who have demonstrated an ability to deal objectively with
other nations, is similar to a plan previously recommended
bv the President. The President’s plan, however, called
such service desirable rather than mandatory and sug-
pested that it should be applied to promotions above a
one-star rank.

Comptroller General Complaint

Comptroller General Joseph Campbell complained last
week that Defense Department has refused to turn over
two secret reports that would help in analvzing the mili-
tary assistance program (sec p. 20) in a letter to Rep.
W. L. Dawson (D.-I1L.), House Government Operations
Committee chairman. The two reports invelved U.S.
Furopean Command recommendations to the Joint
Chiefs of Staff on the size of Allied forces that should be
supported during Fiscal 1960 and an evaluation of
Turkish militarv plans and capabilitics made bv a U.S,
military mission. Campbell told Dawson that General
Accounting Office wants the reports to help determine
whether the militarv aid program is being revised
promptly to reflect changes m foreign requirements.

The GAO also reported last week that the President in
a letter to the Comptroller General, refused to turn over
reports on the handling of International Cooperation
Administration aid in Iran and Thailand because, he sad,
release of the reports would not be compatible with
national interest. In a separate report to Congress, GAO
accused the Navv of charging more than the anthonzed
price for certain material furnished under the military
assistance program.

USAF Waste Charges

In another report, GAO also charged that the Air Force
is wasting approximately $2 million a vear by repuring
dilapidated automotive vehicles rather than buving cffi-
cient new ones. In a report to Congress recommending
that Air Force make a thorough study of its vehicle
replacement program, GAQ said:

“ . .1n the last three vears the Air Foree has mcurred
an estimated 55 million more in repair costs and depreci-
ated market values on old vehicles than it would have
cost in combined repair and depreciation for new vehicles
to replace them.

“Postponing the purchase of replacements for old
vehicles has cost the Air Foree an estimated 53 million
more because of the increase in vehicle prices. In addi-
tion, about 52 million will be spent unnccessarily for
maintenance purposes cach vear for the next several vears
because of the inadequacy of the long-range program for
replacing vehicles . . "

Accident Investigation

The aviation subcommittee of the Senate Commerce
Committee headed bv Sen. A. S. Mike Monronev

(D.-Okla.) has scheduled an mvestigation of commercial

— Washington Roundup — -

airline crashes as its first order of business in the new
session of Congress. Hearings are scheduled to begm
Jan. 11, Commenting that the accident record m 1939
has been “one of the worst in recent yvears,” Monroney
added:

“Reports received from the Civil Aeronautics Board . . .
do not show any apparent pattern as to their cause. Never-
theless, it is imperative that every effort be made to de-
termine what steps can be taken to prevent their recur-
rCnee.

Later, the subcommittee plans to consider amrspace
management, pilot certification, and military  participa-
tion 1 Federal Aviation Agencey.

Air Line Pilots Assn. also is expected to protest FAA's
recently imposed 60-vear-old mandatory retirement age
for pilots (AW Dec. 7, p. 45; Dec. 21, p. 27) during sub-
committee hearngs,

MATS Rebuff

Militarv efforts to obtain doorstep deliverv of air cargo
to forcign bases failed to crack the technical defenses of
the Civil Acronautics Board last week. Applications by
both Trans World Airlines and Seaboard & Western Air-
lines to land cargo shipments at Torrejon air base m
Spain were rejected by the CAB. The airlines had pointed
out that new MATS policy required such direct delivery
as opposed to past practices of landing at Madrid and
trucking cargo the 14 mi. to the militarv base. Board
members based their rejection of the carmer's requests on
grounds that TWA already serves Torrejon through
Madrid. They also cited an earlier request by Seaboard
to provide direct service to the militarv base which was
denied. The Board said that the Defense Department
had not mdicated a need for service to Torrcjon and
that neither airline presented enough facts to justify its
request.

U. S.-USSR Helicopter Negotiations

Soviet Embassv reports it is awaiting the arrival of
technicians to advise on contract stipulations for the pos-
sible purchase of U.S. helicopters—probably two Sikorsky
5-58s and one Vertol Model 44 (AW Nov. 13, p. 25).
The techmicians will leave Moscow as soon as thev are
granted U. 8. visas, according to Viadimir Alkhimov, com-
mercial counselor at the Soviet Embassy in Washington.

Southeastern Local Service Awards

Southern Airwavs received a majority of new route
awards granted by the Civil Aeronautics Board last week
in the Southeastern Area Local Service Case. Bevond new
service to intermediate points on the carmner's system,
Southern was permitted to extend its service into New
Orleans from Memphis, Tuscaloosa, Ala., and Panama
City, Fla. National Airlines’ authority to serve Mel-
bourne, I'la., on a NMNhiami-Houston route was extended
tor five vears; Mackev Airlines was authorized to carry
persons and property to MNianmi from  coterminals at
Tampa and St. Petersburg, Ila., while Eastern Air Lines
was permitted to add St. Augustine as an intermediate
pomt between Jacksonville and Davtona and received per-
manent authonty to serve Ocala, Gainesville and Mel-
bourne in addition to providing service between Orlando
and Tallahassee.

—Washington staff
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Space Technology

Costs Crimp Nation’s Top Space Project

NASA reduces Mercury mission, advanced work de-
layed; funds shifted in effort to maintain progress.

By Evert Clark

Washington—XNational Aeronautics and Space Administration has reduced
the mission of the NMercury manned space flight program, has delaved for a
vear advanced work that would have extended manned space flight capability

bevond

Mercury and taken more than $7 million from other research and
development programs to maintain Mercury's rate of progress.

[t also has

had to transfer S15 million to the Mercury tracking network account to take
carc of unexpected telemetry and tracking requirements.

Mercury is the nation’s most important space program carrving a priority
cqual to that of the ballistic missile programs.

NASA told the Senate Comumnittee
on Acronautical and Space Sciences
that the “increased costs have resulted
from program complexitics not foresee-
able at the time the fiscal vear 1960
budget was drawn up.

It 1s difficult to obtain a figure from
NASA for the expected total cost of
Project Mercury, which will not he
cempleted for ses L‘ml vears. About the
onlv thing certain is ‘that the cost is
gomng up. NASA Admmmstrator T.
Keith Glennan told Congress carlv this
VeAT:

“The 1960 cost of Project Mercury is
570 million, and before we have com-
pleted this first U. S, effort to put man
imto space, the bill will have exceeded
S200 million.”

(On Dec. 7. Glennan told a Califor-
mia andience: “Even the frst steps in
the manned cxploration of space are
verv expensive as may be inferred from
the presently estimated cost of Project
Mercury of 5250 million or more.

Three davs later, NASA General
Counsel John A. Johnson told a Wash-
ington audience: “The total costs of
the project (Mercurv) over a four-vear
period are likely to run around $3350
milhon.”

Associate Admmmstrator Richard I
Hormer told Aviation Weeg that di-
rect comparison cannot be made be-
tween Glennan’s S200 million hgure of
arlv this vear and the S350 million
ﬁgurf: because thev are not u:ml:mr;lhh
figures. Among the differences in the
two are bookkeeping changes. He said
it 15 difheult to give a meamingtul cost
cstimate for the over-all Elurmr}' pro-
gram,

Straight cost overruns have mereased
Mercuryv's total on the order of 530
million or $40 million, Horner said. e
said the mam source of cost overruns
15 determimed by suppliers who cannot
perform within the ongimal estimates
made at the time that contracts were
negotuted with NASA.

The Senate Committee staft report,
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which first called attention to mission
changes, work delavs and changes in
fundimg for Mercury, did not concern
itsclt wath  supphers. It noted  that
construction and equipment costs for
the Mercury tracking network were not
mcluded in the ﬁguru represented  to
Congress carher this vear as the cost of
Mercury in the Fiscal 1959 auppltﬂuﬂ-
tal and in the Fiscal 1960 budget, The
report also said:

‘Although there were very extensive
revisions i the programs to be funded
bv NASA's rescarch and development
appropriation in the ensuing months
(since last February), no changes were
made in the cstimates }Jruuntu:f to the
Congress for Project Nlereury.

“It is now apparent, however, that
the costs of Project Mercury will be
greater than oniginally  estimated—par-

ticnlarly  iF NASA  construction  and
cquipment  funds  are  taken into
account,

“On the basis of present program-
me, the direet mvestment in Project
Mercury during fiscal vears 1959 and
1960 cxceeds S152 million. This is
approximately S24 million more than

?

Astronauts’ Dispersal

Washington—Three of the seven Mer-
cury space pilots will go to Cape Canav-
eral, Fla., about one month before the
first manned suborbital flight in a Red-
stome vehicle is to take place, but they
will not know which is to take the first
ride until nearer to the time for the
flight.

Once a pilot is selected, the second
num will work in the blockhouse during
the flight, and the third will be at an At-
lantic Missile Range tracking station.

The other four Mercury pilots will be
located at other tracking stations around
the world. First manned Redstone flight |
is expected sometime next vear, possibly
4% s00m as spring or early summer,

the amounts previously identified to the
Congress by NASA as programed for
Project '\.[L'r::un

In addition to shifting S7.4 million
from other research and development
programs mto Mercury, NASA  trans-
ferred another $15 million from  its
rescarch and  development  appropria-
tion to fund the tracking network.
Whether this $15 million was merely
shifted from the Mercurv rescarch and
development account into the network
account or whether it, too. was taken
away  from research  programs other
than Mercury, was not clear in the
Senate report and could not be learned
last week from NASA. It appeared,
however, that the SI15 million was
taken from Mercury rather than from
other work.

There are indications the committee
feels there 15 considerable confusion
within NASA on the question of Mer-
cury costs, It can be presumed that
the committee will make this a first
order of business when hearings on
MASA's IMiscal 1961 budget begin.

In a letter and a memorandum to the
senate Space Committee's chainman,
Sen. Lvndon B, ]nhnmn (D.-Tex.),
written last October by NASA  Assist-
ant  Administrator  for Gmigrcﬁsinmﬂ
Relations James P. Gleason, the agency
smid these actions had been taken to
meet the “increased costs™  that re-
sulted from “program complexities not

foresceable” when the Fiscal 1960
budget was made:
e “All . . . advancf:d work”" aimed at

cxtendimg man’s spice flight capability
bevond Mercury “has hL’Lll delaved for
a vear.” This refers to {Imulupmmt
and construction of more refined ver-
sions of the (Mercury) vehicle” that
had been planned for Fiscal 1960.
Work was to have included “a range
of analvtical studies and model expen-
ments” to determine basic design re-
quircments, Plans reported to Congress
last Apnil still said that “initial develop-
ment of appropriate vehicles should be
undertaken”™ in Fiscal 1960,

e “The 185-orbit mission has been re-
auced to a 3-orbit mmssion.” An 15-
orbit flight in the Mercury  capsule
would  require .l|:-|:1rm11mtch 24 .
NASA told Aviation Wegk that a
ercat amount of additional equipment
would be required to provide telemetry
and tracking over the arcas of the g!ﬂ]'.:l'l'.'
that would hL covered by the capsule in
such a long fight since the capsule
would flv over virtuallv all of the nlnhr.
between 30 deg. North and 30 {Itg
South latitude.

e “An additional $7.515 million has
had to be programed to maimtam the
Mercury rate of progress.”
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® Original estimates for the cost of
the Mercury  tracking network were
“based on a minimum of detailed
studv.,”  Appropriations to date totaled
516.42 million. But “detmled engineer-
ing studies now indicate an immediate
need for an additional $15 milhion for
the fscal vear 1960.7

This increase of almost 100% in
the network cost resulted partly from
suggestions by the seven Mercury space
pilots that biomedical telemetrv and
communications between the pilot and
the ground stations should be tar more
extensive  than  originally  planned.
Original plans called for “blackout™
periods of as long as 10 min. when the
pilot in the orbiting capsule would not
be in range of a tracking station.

Technical Considerations

Technical considerations underlving

the need for more funds include:
e “More extensive telemetry and data
displav equipment will be added at 15
locations to provide almost continuous
contact with the pilot's physiological
condition to phvsicians™ on the ground.
e Additional transportable tracking and
telemetry will be added i Bermuda
and West Africa in case an abort be-
comes necessary  during  the  launch
phase; transportable radar will be added
m western Austraha to fix more pre-
ciselv the capsule’s location on  that
portion of the orbit for timing of the
firing of the retrorocket and pﬂ:{in;tmn
of Hu' impact point; tr.mupurtahh radar
will be added i west Central Ameriea
to track the capsule more precisely af it
becomes necessary to re-enter after only
onc orbit instead of three.

Total tunding ftor Mercury in the
IYiscal 1959, '-:II]J]}ELIHLIILII 1959 and
IFiscal 1960 budgets now 1s *‘il'}_,l‘-]'“'na
333, This includes the S120,778,333 m
research and  development fumih anl

531.420.000 in constriction and equip-
ment funds.

[t is prnlml:l-: that the S350 mallion
higure used by Johnson as an over-all
[Jm;utul total cost includes construc-
tion and equipment funds. In the past,
NASA has not included the construc-
tion and equipment figures when it dis-
cussed Mercury totals, partly because
the tracking network will be used for
other programs, both manned and un-
manned. It is eapected that at least
the network costs directlv apphicable
to Mercury probably will be included
i future discussions.

Other factors, not specified in the
ieport, which have contributed to the
imcrease in Mercurv's costs include:
® More spares and more checkout
flights than originallv called for are
now 1 the program.
® Since Mercury has such high national
priority, great cffart is hung put imnto
keeping 1t on its time schedule even
at the cost of taking funds from other
programs.
 The 1960 budget was put together
in a few weeks imt after NASA was
created and “the quality of the mforma-
tion available obviouslv was not very
good at that stage,” according te one
NASA spokesman. “Now we do have
substantiallv better quality information
and we shonld have a better correlation
hetween the next budzet hgure and the
wayv the costs actually come out.”

e Twenty McDonnell capsules are now
on order instead of the origimal 12.
This, plus changes in the capsules and
increased costs, have mised the cost
figure from 518 million to S35 milhon.
. meﬂhm;:_; operations’ cost 15 being
programed at a  higher cost than
mitially.

¢ Research and development costs not
mcluded i ttems above are running
somewhat higher than foreseen,

Titan Blast Cause Explained

Washington—Combination of forces
that occurred at hftoff of an Air Force-
Martin 'E'it;m [CBM and caused an
clectrical relav to close in the command
destruct "11'1[‘{_11! 15 being blamed  tor

the explosion of the missile on Dee. 12
at Cape Canaveral, I'la. (AW Dec. 21,

. 19).

Relavs have been redesigned and re-
located. The relay  that apparently
caused the upl:mm! was located on
the massile’s skin and near the base. All
relavs have been moved so that the
are attached to the Frame rather than
the skin,

Missiles already at the Air Force Nis-
sile Test Center have been hxed but
the Chnistimas holiday shutdown of the
Atlantic Missile Range probably will
prevent a Titan from being tested agam
before Jan. 5 or 6 at the carhiest.
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A shock wave, hitherto an unknown
phenomenon, was discovered n tests
riin at Martin's Denver ]:-hlnt to stmu-
late the forces acting on the missile
that exploded.  The wave, which was
described as “scores” of times the force
of gravitv m intensity, runs |1|:uu.|rﬂ
.4|unﬂ the missile’s skin when the en-
gine’s 300,000 Ib. thrust, the mssile’s
220,000 1b. weight and the detonation
of four explosive hold-down bolts all
act upon the missile at the instant it
15 supposed to hift from 1ts launching
stand. A lateral foree also occurs. The
combination apparently closed the relay,

Although the missile is strong Lunuﬂh
to withstand the forces, Hll:j.’ Ellth{‘l
the suspected relav to “chatter,” open-
ing and closing rapidly, in tests at
I}L‘mu. Cne ::lmmﬂ of the relav 1s
cnough to activate the destruct system,

which ordinanly would be activated
onlv by a radio command from the
range safetv officer on the ground.

hwcuhhnn is that the relay L!m:,'-:l anl
hL‘ primer cord blew up the first stage.

Tests on Titan's second stage n‘u:h-
cated that hring of the second H!dgL
engine also mtg]li hive caunsed a de-
struct relav to close, If the trmil*ﬂt had
not been located following the recent
explosion, sccond stages might have
been ignited and exploded in flight,
making diagnosis of the cause extremely
{Iil"'ﬁtuFt

Tests on a Arst stage, using both the
revised destruct svstem and the old
system, showed that the relav in the
old svstem closed while the relocated
r-l.’,L‘H‘- in the new system did not. Re-
lavs have heen ,1rmngul at 90 dee. to
cach other so that no amg Orce
can cause the svstem to m.lIfnmh:m

Speculation as to why no previons
Titan had the same r::Lu trouble 1s
that the critical relav mav have been
located at a point an inch or two away
from the point it occupied in carlier
missiles, Nevertheless, the relavs have
been moved from that general area n
the massile.

Primer Cord Explosion

Telemetry provided little help in the
investigation because 1t ended so ab-
ruptlv.  Sixteen-millimeter films shot
at 300 frames a sccond showed nonmal
operation through the frst four see-
onds. 'The cxplosion of the primer cord
occurred in the hrst frame past the
fourth second. The rapiditv of the de-
struction  led mvestizators to behlieve
that onlv the destruct svstem could
have been at fault, The relay from the
bottom-most point on the missile was
recovered. It showed evidence of hav-
ing closed, and the mvestigation pro-
ceeded to the simulation  tests  ar
Denvier.

Findings have been relaved to Aar
I“orce Ihl]lsnc Missile Division and
space Technology Laboratories, Inc..
and presumably will be checked to sec
it thev might explain explosions of
other tvpes of missiles.

Second Stage Propulsion

The Titan C that exploded was to
have provided the hrst test of second
stage propulsion, Nhssiles now at the
Cape mclude another B model and a C
tor Aight tests and the ground checkout
version of the G lot., Titan lots are
lettered A, B, C, G and . 1Yinal oper-
ation lot mH gct still another letter.

Meanwhile, Sen. Gordon Allott (R.-
Colo.) said Im-.t week that he has con-
tacted Air Force ofhaals “at every level
and with anv comnection”™ with the
Titan program as a result of inquiries
that followed the explosion, and the
Air Force “foresees neither cutback nor
curtailment™ of the Titan progran.
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MNEGATIVE dihedral of the outer wing panels, circnlar fuselage section and small frontal area of the landing gear fairings and engines are
shown in this front view of the Antonov An-10A at Andrews AFB, Md.

Improved Version of An-10 Flies to U.S.

Washington—First visit of the Soviet
Antonov An-10A turbine-powered trans-
port to the U.S. was made earlier this
month to bring a personal Christmas
gift of 41 trees and shrubs from Soviet
Premier Nikita Khrusiichev to President
isenhower. The An-10A, which landed
at nearby Andrews AI'B, 15 an improve-
ment of the Antonov An-10 Ukraina
which has drawn criticism from the
Russian press for entering commercial
service behind schedule. According to
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IVCHENKO 4,000 hp.-plus turboprop engines on the An-10A are the same as those used
on the I1-18 Moscow transport. The early An-10 Ukraina had Kuznetzov turhine engines
of approximately the same power. High wing armmgement reduces the amount of dust and

§

the ofiicial Red Air Force newspaper,
Sovetskava Aviatsiva, the delay was due
primarily to stability problems. Evi-
dence of this 1s that the An-10A has
large vertical ins on the tips of the
horizontal tail, and the wing tips have
a pronounced negative Llilu_'n:ir;lll. while

the original Ukramma did not have these

features. The dorsal and ventral fAns
alwavs have been part of the design,
however,

Purpose of the An-10 senes 15 to

RPN

dirt blown up during operation from unimproved fields.

18

provide a large fecderline aircraft that
can operate out of dirt and grass helds.
Main intermal requirements were for
quick convertibility between passenger
and cargo conhgurations and for con-
venient operation with both types of
pavload. Cost of construction was kept
down by the O. K. Antonov Design
Bureau by making extensive use of
assemblies, parts, hardware and equip-
ment  from  exasting Soviet  aireraft.
Latest version of the Ukraina, larger
than the An-10A., is still in the planning
stage. It 1s designated the An-16.

Differences between the An-10 and
the An-10A mclude an increase of secats
from 85 to 100 in six-abreast cabin
arrangement, switch from Kuznetzov to
Ivchenko engines, both of approx-
mately 4,000 hp. and a new, more
underslung nacelle mstallation.

Cockpit lavout of the An-10A 15
similar to that of the Tupoley Tu-114.
Navigator sits in glass-enclosed nuose:
the radio operator 15 behind and below
the copilot. The two pilots sit about
five feet above a walkwav between their
seats. Swiveling seat between the pilots
and over the walkwayv allows the flight
engineer to assist them and  swing
around to moenitor other nstrument
panels to the rear.

['light of the An-10A to the U. S,
included a scheduled stop in Gander,
Newfoundland, and an  unscheduled
landing in Boston becanse of bad
weather in Washington., The aircraft’s
return trip apparently was made with
an eye toward “showing the fag.” Its
flight plan listed stops in Gander; Ke-
Aavik, Iceland, and Prestwick, Scot-
land. Itinerary of the trip beyond
Prestwick was to be given the crew
after it arrived in Scotland.
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DIRECTIONAL stability problems encountered with the Ukraina series is indicated by the addition of large vertical surfaces on the
tips of horizontal tail on the An-10A. The dorsal and ventral fins wore on the An-10.
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INTERIOR of An-10A flown to U. §. (left) has all but 16 of its 100 seats and all its carpeting removed.
are standard for passenger use. Four padded sections against the wall support galley bulkheads.

Will and ceiling furnishings
Long strips with tie-down rings
attached may be serewed into floor to secure cargo load. Wing carry through structure protrudes slightly into the cabin ceiling. Passen-
ger seats (right) have individual lights mounted on headrest. Three buttons on anm of each seat allow the passenger to call the steward-
ess, listen to radio with a small carphone and operate his reading light, Movies also are shown on the ftorward bulkhead.
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SHORT, simple landing gear installation on the An-10A (left) has low pressure tire and is designed especially for dirt and grass ficld opera-
tion. Main landing gear on the An-10A (right) retracts into a well under the floor leaving the passenger-cargo compartment free of
obstructions. Arrangement also keeps wheels within the fuselage lines and allows a smaller fairing covering the gear attachment point.
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Increased Military Aid Support Planned

By Ford Eastman

Washington—With the backlog of
military assistance funds nearly gone,
more money for the Military Assistance
Program will be urged by the Adminis-
tration when Congress returns next
month.

Continuation of the present trend in
which expenditures greatly exceed an-
nual appropriations will soon lead to
deterioration of the nation’s forward
defense posture and force basic changes
in the present military strategy and
alliance system, Administration officials
contend.

For the last seven years, expenditures
to meet minimum requirements have
been from $400 million to more than
$1 billion higher than the amounts ap-
propriated. The differences have been
made up by drawing from a pipeline of
unexpended balances created by big
appropriations and low expenditures
during the early part of the program.

However, the situation now has
reached a critical point where the future
role of military aid will depend upon the
course of action to be taken during the
COmIng year.

Because of the long, steady drain on
the pipeline, carry-over funds have
dwindled from $5.4 billion in 1953 to
an estimated $2 billion at the end of
Fiscal 1960. According to Defense De-
partment International Security Affairs
officers, this is below the minimum
amount needed to meet high prionty
requirements within acceptable time
limits, considering long leadtimes in-
volved.

For this reason, pipeline funds will
no longer be available to close the gap
between annual appropriations and ex-

penditures, and futurc spending levels
will depend almost entirely upon the

amount appropriated each vear.
Military assistance funds are used to
provide weapons, material and other
assistance in building up the military
strength of allied forces throughout the

Appropriations

Year Available
1950 $1.3 Billion
1951 5.2

1952 5.2

1953 3.9

1954 29

1955 0.7

1956 1.0

1957 2.0

1958 1.3

1959 1.5

1960 1.3

| Military Assistance Program Funds

world, icluding those around the per-
imeter of the Communist nations.

Military aid, along with defense sup-
port and economic assistance, is a part
of an over-all Mutual Security Program
which is designed to protect the secur-
ity of the Western nations and, at the
same time, serve as a forward military
shield for the United States. There are
over 40 security pacts between the U. S,
and other nations.

During the 10 yr. life of the program,
other nations involved have contributed
in excess of $140 billion to build up
their defensive units, compared with
the $22 billion the U. §. has contrib-
uted in military assistance to these
units.

Unacceptable Risks

However, reduction of the pipeline
to a level which will no longer permit
provision of modern weapons and force
improvements entails risks that the
Administration feels are militarily un-
acceptable.

Congress cut Administration budget
requests for military assistance in Fiscal
1960 from $%$1.6 billion to $1.3, and
for the first time expenditures dropped
below the $2 billion mark, An esti-
mated $1.8 billion will be spent on
military aid during the current year,
compared with $2.3 billion for Fiscal
1959,

Although Fiscal 1959 spending was
higher than the previous year, congres-
sional cuts in budget requests resulted
in $285 million in modernization work
being deferred.

Of this, $121 million was for mis-
siles for the North Atlantic Treaty
Organization, including $74 million for
Hawk, $24 million for Sidewinder, $19
million for Lacrosse and $4 million for
Terrier. Also delayed was $38 million
in aircraft modern#ation in which $28
million was earmarked for North Amer-

ican F-100s for Denmark and Turkey
and $10 million in modern and anti-sub-
marine patrol aircraft for France,

Year-End
Expenditures Carryover
S0.1 Billion $1.2 Billion
0.9 3.5
2.3 5.4
3.9 5.4
3.6 7.7
2l 6.2
2.6 4.6
2.4 4.2
7. 3.3
2.3 2.5
1.8 2.0

P—————— e

In addition, ship modernization
amounting to $10 million had to be
deferred in Korea and Pakistan, %14
million requested to build up war re-
serve ammunition in France, Greece,
Spain, Turkey and Korea had to be
deferred, as was $15 million for mod-
ernization of electronics equipment in
France and Korea.

The offshore weapons production
program had to be cut by $16 million,
$4 million came out of the internal
security program for countries in South-
east Asia and the balance of $67 million
is composed of a large number of
small items for many countries.

All this spending was to be deferred
to Fiscal 1960. However, the Adminis-
tration requested $1.6 billion for that
year, $200 million less than requested
in Fiscal 1959, and Congress approved
$1.3 billion, $200 million less than it
approved the previous year.

There are already indications that
the reduction in funding for the Fiscal
1960 military assistance program has
brought hints of similar reductions on
the part of other nations contributing
to the support of the military forces
imvolved.

Lack of modern equipment also low-
ers morale, the national will to resist ag-
gression tends to be impaired and
effective fighting strength declines, ac-
cording to MAP ofhcials.

Deterioration Impaoct

Administrators of MAP are aware of
the dangers involved and the impact
deterioration of the allied forces would
have on U.S. defense structure. De-
fense experts have said it would be
economically impossible for the U.S,
to maintain its own forces of the size
and strength of the combined forces
considered the minimum necessary to
deter aggression.

Thus, there are strong indications
that the Administration will soon ask
Congress for a sizable increase In
military assistance funds for Fiscal 1961
over the amounts that have been re-
quested for the last three years. This
i in contrast to the Administration’s
general determination to hold U §
defense spending at current levels dur
ing Fiscal 1961.

The Fiscal 1961 budget request for
militarv assistance 1s expected to be
about $2 billion, the minimum recom:
mended by the Draper Committee
carlier this vear following a thorough
study of Military Assistance Program.
At the same time, the Administration
will also urge that countries which re:
ceive aid step up defense cfforts n
their own behalf because the dangers
facing these countries are cven greater
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Nike Ze Test Vehicle Firing Fails

T
§
o

Second stage failed to ignite when this Nike Zeus anti-ICBM early test vehicle was launched
at White Sands, N. M. (AW Dee. 21, p. 19), the third failure in three attempts. Firing
wias to have gained data to evaluate structural temperature and erosion on the Army missile,

than those facing the United States.

Convincing  Congress  that  more
money is needed for the Military Assist-
ance Program than has been appropri-
ated during the last few vears is not
expected to be an easv task during the
coming session.  Much criticism  has
peen leveled at the program in the
past, which is probably best summarized
in a report issued by the House Com-
mittee on Foreign Affairs last June.
The report said:

“There has been overfunding of the
Milhitary Assistance Program to meet
marginal requirements such as the pro-
vision of militarv equipment having no
relation to the capacity of the United
states or of other nations to meet ma-
jor Soviet aggression. In view of this
overfunding, it is apparent that the pro-
gram should be criticallv examined.

“Inefhiciency in the handling of the
program 1s 1 many nstances shocking.
The comptroller general over the past
several vears has issued reports criti-
cizing shpshod programing and faultv
exccution of military assistance. Nu-
merous instances were reported where
material was programed even though
the material was alreadv on hand in
suthcient  quantities in the recipient
country or tn a neighboring country
surplus quantities. In some cases spare
parts have been disposed of as surplus
while requisitions Emr the same items
were concurrently being processed for
delivery from the United States. It is
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evident that there has been an inade-
quate control of documents, mmaccurate
record-keeping and lags in reporting
delivery.

“"Much of our militarv assistance is
bevond the capacitv of some of the
recipient nations to utilize. In manv
instances, the assistance is resented by
local populations as representing an
cffort by the United States to interfere
in the domestic policies of the nations
involved. In some cases the economy
of the country is depressed in favor of
large military budget expenditures. A
review of the annual military assistance
programs would result in a revaluation
of force objectives in cach country and
more accurate  long-range  program
costs.”

Militarv assistance officials  admit
there have been deficiencies in the
administration of the program, and
while they will never achieve perfection
in the mvolved supply, logistic and
maintenance management practices of
allies, improvements have been and will
continue to be made.

The Draper Committee, in its pre-
liminary report to the President, also
pointed out there was room for im-
provement in the administration of the
program, but added:

“We are all convinced that the mu-
tual security program, both in its mili-
tary and economic aspects, is a sound
concept. What is needed is the deter-
mination to continue it and the abilitv

to administer it well. . . . We recom-
mend that every effort be made within
the legislative and executive branches
of the government to bring clearly be-
fore the American people the relabion-
ship between the mutual security pro-
gram and the national interest, and the
need for continuity of this program
if it 15 to make its required contribu-
tion toward our world position of
strength.”

Administration officials blame them-
selves for the lack of public under-
standing which cause most of the pro-
gram’s financial difficulties, but fnd
themselves handicapped in telling the
full story for security, political and
national interest reasons.

Also, attempts to point out the bene-
fits received from such a program often
have little or no impact because in most
mstances it i1s a case of dealing with
intangibles.

For example, military assistance and
detense support, coupled with a system
of military alliances with other nations,
has built up a total Western strength
in which U.S. forces represent about
one-sixth of the total armies of 5,800,-
000 men, about 60% of the 72,000
aircraft available and 40% of the 4,200
combat vessels,

There is no concrete evidence that
these forces have by themselves been
responsible for deterring  war, MAP
ofhicials observe, and it can only be
pointed out that except for various
probing actions since the program was
started, the Communist threat has
been contained.

While the primary objective of mili-
tary assistance 15 to build and maintain
forces to protect the U.S. and the
other Western nations, it also provides
a number of side benefits, including:
® As a result of U.S. contributions to
foreign aid, more than 250 installations
have been made available on foreign
soil as Strategic Air Command or other
military bases in the forward defense
area.
® Military aid serves to mmprove the
cconomy of recipient nations, which 1s
a turther barrier to the spread of com-
munism since poor and underdeveloped
countries are prime targets of this type
of svstem.
® As the economy of these countries
improve, thev not only can stand a
greater share of the burden of defense,
but open up new trade markets in
which the entire world benefits.

e About 85% of MAP procurement
is in the U.S., which creates more
work for industry and boosts emplov-
ment.

® Big share of the milhitary equipment
is purchased through the Air Force,
Armmyv and Navy, which permits the
services to get rid of surplus equip-
ment at a fair price and aids in its
replacement,
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I-IllIl:: X-18 m; ﬁceg a conventional takeoff at Fd“ards AFB, C.ﬂ:f mth wing fixed in nﬂnm] pm:tmn. 1‘u’-::lm:!u: wr::ghs 15! tﬂllﬁ

Air Force's Tilt-Wing X-18
Makes Conventional Takeoff

Hiller X-18 tilt wing airplane built for the Air Force is being
Right-tested at Edwards AFB, Calif., as a conventional aircratt
with wing-engine combination locked in horizontal position. Tests
will be continued until enough flight test data is gathered to per-
mit vertical flight test.

[n the vertical flight test plane, which will begin in early 1960,
the X-18 will be flown to 15,000 ft. altitude after taking off as
a fixed-wing aircraft. Its wing will be rotated for vertical flight
after reaching altitude, In later tests the X-18 will take off
vertically and will perform short takeoffs and landings.

At right the vehicle gains altitude. Air Force

Tilt-wing X-18 climbs out (left) duning test flight with wing locked in horizontal attitude.
chase plane is just above the horizon. Diverter pipe at tail provides jet blast for pitch control during hover and transition.
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NATO Meeting in March Will Seek

To Resolve ‘Integration’ lssue

By Robert E. Farrell

Paris—Bricf talks between Presidents
Fisenhower and de Gaulle at the West-
crn summit meeting failed to produce
any compromise over I rench resistance
to integration of the NATO Air De-
fense Command (AW Dec. 21, p. 24).

NATO sources indicated, however,
that talks on the subject at top levels
would be carried out between American
and French officials between now and
a meeting of NATO defense mimisters
slated for sometime in March.

It was understood these talks would
be carried out within the permanent
NATO Council in Paris as well as
within the NATO military standing
group in Washington. An .lttunpt will
be made by French and the U. 5, mili-
tarv officials to arrive at a more careful
definition of terms as to what each
country means by integration.

I'rench sources labeled as premature
earlier reports that a compromise had
been reached between American and
French ofhicials on the integration ques-
tion. Actually, both sides agreed to
postpone a showdown on the subject
until the March mecting of defense
ministers.

NATO militarv sources were some-
what disappointed over Eisenhower's
failure to budge de Gaulle on the inte-
gration principle. This 15 because it 1s
felt by U.S, and other NATO ofheals
that French objection to integration in
the NATO Air Defense Command rests
on political rather than military grounds.
De Gaulle 1sn't expected to give anv
ground until the U.S, backs its bid for

more French sav within the alliance,
De Gaulle's political attitude toward

NATO also casts confusion on the prob-
able outcome of last week’s Washing-
ton report that France, Italv and West
Germany had requested United States
technical aid for development of an
intermediate range ballistic missile proj-
ect. Such a program—like the current
NATO-nation development of Hawk
and Sidewinder missiles—is based on a
LI. S, pﬂl:m laid down at the NATQO
meeting in December, 1957. At that
mu:tm_t* the then-U. S. Defense Secre-
tarvy  Charles Wilson announced that
the U.S. was ready to pn:mrh; technical
assistance to NATO nations for devel-
opment of modern weapon systems,
The French-Italian-German [RBM
bid, however, raises the question of
control of the nuclear warhead. While
the West Germans and Ttalians would
accept joint control with the U.S. of
an IRBM warhead—which prcsunmhh
would be supplied by the U.S.—it is
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highlv unlikely that the French would
do so. De Gaulle alreadv had refused
joint control of U.S.-made IRBM mis-
siles. The French instead would prefer
U.S. help in developing an [RBM - ve-
hicle which would carrv a French-made
nuclear warhead and would be con-
trolled solely by France, 'This proposal,
however, was rejected by Washington
(AW Dec. 7, p. 29).

Talks between Fisenhower and de
Gaulle on the integration 1ssue were
colored by sharp eriticism of the French
position made two weeks earlier in
Paris by Gen. Nathan Twining, chair-
man of the ]mnt Chiefs of Staff. Twin-
INg, In reviewing the NATO military
posture, complained that national ego-
tism of several NATO nations was pre-
venting NATCO military goals from be-
ing achieved.

In particalar, Twining hit hard at
French footdragging. He cited French
action in refusing joint control of IRBM
bases in France, de Gaulle's refusal to
permit NATO atomic stockpiling in
I'rance, which forced transfer of French-
based U.S. hghter-bombers to West
Germanyv and England, and French re-
fusal to move ahead with integrahion
of the NATO Air Defense Command.
Twining's remarks, which were leaked
to the press, later were backed up at a
NATO ministerial meeting by U.S.
Defense Secretary Thomas Gates, de-
spite a I'rench request that Twining's
statement be repudiated.

Rather than push the issue toward a
showdown, both U.S. and French ofh-
cials decided to postpone the question
until the March mecting.

Renegotiation Board
Reports to Congress

Washington—I1ve airframe ma nufac-
turers accounted for $24.5 million—
02.9% —of the Rencgotiation Board's
determinations of excess prohts during
Fiscal 1959, the board reported to Con-
gress last week.

The board made 22 umlateral deter-
minations involving $26.4 million 1
excessive profits during the vear. The
17 determinations agmnat firms outside
the airframe industry involved $1.9 mil-
lion, 7.1% of the total.

Three of the five airframe manufac-
turers appealed to the U, S, Tax Court:
the Martin Co., Lockheed Aircraft
Corp. and North American Aviation.

'Phﬂ board reported that a total of
60 renegotiation cases nvolving $99.7
million in excess profits were pending in
the Tax Court on June 30, the end of

Lockheed-Maechi Deal |

Geneva—Lockheed  Aircraft Interna-
tional has acquired a large stock interest
in  Aeronautica Macchi, Varese, Italy.
Under terms of the agreement, Macch
is licensed to build a new Lockheed
Model 60 highwing light utility aircraft |
designed and flown by Georgia Division I
(AW Nov. 23, p. 33).

Both companies said the first airplanes
would come off the Macchi lines

mid-1960. Macchi now holds production
orders from the Italian air force for the

MB.326 jet trainer and also overhauls
and manufactures spare parts for Lock-
heed T-33 trainers. Informal cooperation
has existed between the two companies
since 1957.

Fiscal 1959. Seventeen of the appeals
were made by airframe manutacturers
and involved $90.9 million. The other
43 cases accounted for $8.8 million of
the contested excess profits determima-
tions. The board reported these results
from its Fiscal 1959 operabions:

e Of the 1,400 cases completed during
the vear, 1,259 were cleared of anv
finding of excess profits. The cleared
cases involved renegotiable sales of
$15.5 billion and renegotiable profits of
$1 billion.

e The 141 determinations issucd by the
board involved excess profits of 560.7
million. The 119 cases settled by bi-
lateral agreements between the board
and contractors involved $34.4 million.
o The $60.7 million in excess proft de-
terminations made during Fiscal 1959
was a substantial drop from the amounts
for the preceding vears. The board ro-
ported the following totals m exces
profits determimations for past hscil
vears: 1958, $113 million; 1957, 5151
million: 1956, $153 million; 1955, S
million: 1954, $119 milhon: 1933, &°
million. These determimations—m-
since the inception of the boar!
October, 1951, through Iiscal 1957
aggregate 5784 million.

® The board also reported that througn
Fiscal 1959, contractors made volunt .
refunds and price reductions totaling
over S1 billion, according to rencgoti
tion data submitted by the contractors.
[t was pointed out that these voluntary
refunds and price reductions are to be
distingnished from price reductions
made under the terms of price-redeter-
minable contracts.

® The board estimated the net recovery
bv the government—after tax credit al-
lowances to contractors—during the
cight vears of the current Renegotiation
Law at $681 million. This includes re-
coveries through voluntarv refunds as
well as board determinations. ‘T'he
board reported that its cost to the gov-
ernment over the eight vears has totaled
$29.6 million.
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Cessna 310D Features SWEpi' Tail

Cessna trend to vertical swept tail is the major design change in the Cessna 310D twin, ninth in the company’s 1960 line of business

mreraft (AW Nov, 9, p. 123).
remaing at 559,950,

Seats include fold-away armrests as standard equipment to facilitate entrance and exit.
Gross weight is 4,530 b,

mjection engines rated at 260 hp, cach,

Other features include addition of non-congealing oil cooler and interior style improvements.
high visibility paint stripping s optonal.

Plaine is offered in anv one of 13 three-color paint combinations;
Powerplants are two Continental 1O0-470-D fuel

Japanese Deny Electronic Imports
Pose Threat to U.S. Security

Washington—Japancse clectromies -
dustry has demed that mnports  of
Japanese transistors are or will be a
threat to the national sccurnty of the
U.S.. in a bricef hled last week with the
Ofhce of Civil and Defense Maobiliza-
tiomn,

The action was in reply to an Elec-
tromic  Industries Assn.  request  that
OCDM mveshigate mushrooming  im-
ports of Japanese transistors to deter-
mine whether thev “threaten American
security” (AW QOect. 5, p. 117). The
association pointed out that despite a
15% dutv, Japanese imports in two
short vears h.l{] grown from a handful
to about 25% of the total U, S. produc-
tion, 1 terms of units.

In their petition, the ]il:r.tnu:, poit
out that they are r.umputmcr onlv in the
ficld of low-cost transistors used for
consumer products, such as portable

- &

racdios, and not i the quality military
semiconductor market where the unit
price 15 considerably hugher. As a re-
sult, Japanese Jm]}::rh were onlv 2.7%
of the U.S. semiconductor industry’s
dollar output in 1958 and arc estimated
at 3.3% 1 1959,

EIA President David R. Hull, m
public statements, has warned that fail-
ure to curtail Japanese semiconductor
mports would make it necessary for the
U. S, to “relv upon foreign producers
of equpment mdispensable to (its) sc-
curitv,” and would conmmit the nation
to “eventual establishment of vital de-
fense industrnies 4,300 mi. across the
Pacihic Ocean.”

The Japanese petition points out
that Japan does not produce quality
transistors for military  use, because
there 1s no Japanese government spon-
sorship of, or need for, such develop-

Price

ments, The “buyv Amernican™ provisions
contmned i U.S. defense contracts,
and the need for close Tison between
the mahtary semiconductor device de-
signer and the military equipment de-
signer are cited as reasons why Japan
poses no threat to domestic producers
of malitary quality transistors.

Electronic  Industries  Assn., and
some domestic manufacturers that have
filed briefs in support of ats position,
savs that domestic semiconductor re-
scarch and development effort 1s largely
supported by the profit from the sale
of entertainment type transistors. Loss
of such profits, due to mmports, would
hit hard at development of new semi-
conductor devices needed for defense,
EIA savs.

The Japanese sharply  denv that
profits from entertminment  transistor
sales finance the bulk of U.S. senu-
ductor R&D. Rather, they say, 1t is
government funding either directly or
111-:1|r=:r:Hj. that supports most of the
semiconductor  research, development
and innovation. The p{:tiriﬂn cites De-
fense  Department  contracts, totaling

ASFl A TIMAkl YIEEWY Moccecl oo #AQ 1088

many millions of dollars, which provide
for semiconductor research and devel-
opment and for establishing semicon-
ductor manufacturing facihties (AW
Nav. 30, p. 74).

The Japanese agree with EIA that
semiconductor research and  develop-
ment is vital to national securitv. But
thev sav it is too vital to depend upon
the sale of portable transistor radios for
financial support. The Japanese sug-
gest that the Defense Department

would have been remiss in its dutv if it
had not provided government support
for semiconductor R&D but had rehied
instead upon industry profts from the
sale of the entertainment-tvpe devices.
The Japanese petition also cites a
number of major domestic semiconduc-
tor producers, mcluding Hughes, Rav-
theon and Transitron, that have main-
tained technical leadership and proft-
ability despite the fact that thev do not
make entertainment tvpe transistors.

Miami Survey Indicates Support
FFor Competitive Space Program

Miami—Of more than 1,000 persons
who mlmcr{:d a Miami Herald space
quiz, 63% said the U. §. should “adopt
a new tighten-our-belt policy and throw
all of our national energy into catching
up even if it means we must reduce our
living standard.”

Just over 70% said thev would be
willing to pay extra income taxes in
amounts r.mgmg from 510 to more than
5250 next year if it would all be spent
for space research.,

“Bickering by the militarv services
over space roles” was given primary
blame for Soviet Russia’s lead in space
accomplishments by 33.1% of those
who answered, Democratic inaction was
blamed by 24.3%, Republican maction
bv 22% and failure ﬂf the American
people to show concern by communi-
cating with government leaders was
blamed by 15.5%.

The quiz consisted of 10 questions
and ecach question offered a choice of
answers. Although none of the ques-
tions called for essav tvpe answers, 2
number of those who returned the quiz
to the newspaper attached their own
comments, m::]udmg criticism of Presi-
dents Roosevelt, Truman and Eisen-
hower, and the suggestion that the
civiban space agencv be elevated to
cabinet rank and run bv a man “who
knows how to knock heads together,
especially military heads.”

The newspaper said the response to
the quiz indicated that the subject did
not have broad, general appeal .md that
the answers came mostly from people
who could be called “thinkers.”

Given a choice of saving they were

“ashamed because we were bested (in
the space race) and r.‘lxsappmntctl in the
I::ﬂd{,rshlp which permitted it” or sav-
ing “I am not too concerned because
we can catch up if we have to,” 79.2%
chose the former answer, and 13.2%
chose the latter.

I'ifty-one and four-tenths per cent
saw the greatest danger resulting from
the Russian lead as a political one,
33.7% said 1t was military and 8.8%
though it was a moral danger.
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Sixtv-three and four-tenths per cent
thmlght the U. S. should tighten its belt
in order to catch up; 25.8% said the
country should “follow our present pol-
1<::!. because it is a sane and balanced way
to make steady pmgn:s'-". without r:xpi:n—
sive ‘crash’ programs™; and 5.6% said
the nation ahmﬁd “accept once and for
all that we are behind, that we probably
will stay behind, and spend our effort
imstead m trying to reach agreements
with Russia.”

On the question of addibional taxes,
25.2% opposed pn}'ing more; 8% said
l'll{."i. would pay $10; 11.6% were will-

ing to pav 550; 20.2% were willing to
pav S100; 21.5% were willing to pav
5250 and 2.4% said they would pay
more than $250.

Swiss Plan Smaller,
Versatile Air Force

Geneva—Swiss military  department
will reduce the strength of its air force
but will carry through its intention of
ordering 100 all- -purposc airplanes next
vear as part of a major army reorganiza-
tion,

Neither atomic weapons nor guided
missiles will be acquired now, the Swiss
say, but possibilities of obtaining them
are not ruled out.

Recommendation by the military to
the Federal Council for purchase is
part of a complete program for major
changes in the army based on a reduc-
tion in over-all numbers but increased
effhiciency throngh mechanization,

Normal practice of the Swiss air force
kas been to maintain a 500-plane com-
bat flect by purchases of about 100 air-
craft every two or three years. Use of a
10-vear write-off system meant 400
to 500 combat-ready aircraft at all times.
But some sources say the great cost of
contemporary aircraft means the coun-
try can only afford to buy 100 every
five years so that force in being will
be reduced to about 200 to 250 com-
bat-ready aircraft. This is probably one
major reason behind military planning

for reduced numbers but  increased
capability for the air force.

Primarv mission of the air foree re-
mains support of ground troops but
other missions mav be assigned includ-
mg air defense, top cover for troop
movements and reconnaissance.

News Digest

Boeing Airplane Co. is scheduled to
award a contract to American NMachine
& IF'oundry and Amencan Car & Foun-
dry jointly for development of a mo-
bile launcher railroad car for Minute-
man solid propellant ICBM. Conhrm-
ing a previous letter contract, Air Foree
has awarded a S115 million research and
aevelopment contract to North Ameri-
can Aviation - Autonctics Division for
continued  development,  fabrication
and test of inertial guidance and Right
control svstems, including ground sup-
port equipment, for Minuteman. Min-
uteman was fired from Edwards AI'B
last week—the fourth successful shot
out of a silo.

Western Air Lines signed orders for
three additional Lockheed turboprop
Electra aircraft, bringing 1its feet to 12
(AW Oct. 12, p. 41). Two of the air-
craft purchased under the $7.5 million
contract will be delivered next July, the
third n August,

Grumman  Aircraft Enginecring
Corp. 15 making a three-month feasi-
bility study to determine application of
a nuclear propulsion unit to missiles.
Studv will cover heat transfer proper-
ties, reactor analysis, reactor shielding.
rachation effects on matenals and re-
actor materials. It is company funded.

Dassault Mirage 401, prototvpe for
the Mirage 4A supersonic jet bomber,
has flown at a speed slightly above
Mach 1.5 for 20 consecutive minutes.
I'rench military budget has fund au-
thorization for an order of 50 "\limgt:
4As but final decision on pmductmn 15
being held up (AW Dec. 7, p. 29).
Powerplants are two Snecma Atar 9
afterburning turbojets,

Brantly B-2 helicopter began an 11 -
000-mi. demonstration tour of Central
and South America which 1s expected
to touch all major cities and military
installations,

North American Aviation received a
573 milhion letter contract from Navy
for additional A3] aircraft production
during 1961, including spare parts and
special support equipment. Order brings
to 5300 million the total that Navy has
spent on A3] design, development,
flight test and production.
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Airlines Face Excess Capacity Problem

Trunklines gear to cope with surplus seats in 1960,
see no relief next year from present profit squeeze.

By L. L. Doty

Washington—Domestic trunkline industry, rounding out one of its most
successful vears, is now gearing itself to cope with a series of problems 1n
1960 that could set the stage for a drastic reshaping of the industry within

the next few vears.

During recent weeks, Aviarion WEeEK has discussed airline activities during
the coming year with a number of top officials representing a significant cross

section of the trunkline industry.

Some difference of opinion exists on

several subjects but generally a pattern emerges that shows a strong unanimity
of thinking on major issues and gives some clue as to how the industry is

Here are a few of the major prob-
ems these airline officials feel the in-

dustr}r must face before the end of
1960:

Ihvmlahle seat miles. With twice as
many turbojets to be delivered in 1960
as went into service in 1959, available
seat miles are expected to expand
rapidly throughout the year. Net result
will be a strong competitive push by
operators of large turbojet fleets in
major markets by increasing schedules
during heaviest traffic hours. Smaller
carriers which do not have either the
competitive equipment or sufhciently
large fleets of such equipment to meet
this impact will suffer. So far this vear,
the ratio between available seat miles
and revenue passenger miles has been
satisfactory, but most observers fecl
that by mid-1960 the influence of turbo-
jets on seat miles will begin to be felt.
e Utilization of aircraft. High speed of
turbojets will all but ¢liminate demand
for the long-haul night flights which
have been popular in the past—particu-
larly on transcontinental routes. In
addition, the How of trafhic will not
be as widely spread throughout the
day as in the past, and peak traffic
periods will be fewer and more heavily
concentrated over a 24 hr. period, again
because of the shorter operating time
of the turbojets over major routes.
Carriers will be forced to adjust mainte-
nance and overhaul procedures to a
lower daily aircraft utilization mate to
stabilize costs or divert idle aircraft to
other revenue-producing activities, such
as mcentive plans (AW Dec. 14, p. 36).
e Load factors. Major criteria of air-
line economy, load factors, will suffer
seriously on routes where competition
is high because of a multiplicity of
airline services. Biggest test case on
how much competition a major route

can absorb before load factors fall be-
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oreparing to tackle these issues at stake.

low a break-even point lies in the
Florida market where seven of the na-
tion's 12 trunklines will compete this
year.

e Profits. No relief from the continu-
ing profit squeeze is expected this vyear
(AW Dec. 14, p. 39). Several carriers
may experience crucial hnancial set-
backs because of heavy deficits.

These problems, a few of which hrst
began to appear in the late months of
1959, present a serious challenge to the
industry as it is now constituted and to
the Civil Aeronautics Board which
must move quickly during 1960 if it
is to prevent these problems from over-
whelming the mdu:frx CAB failure to
act judiciously and prudently could
establish 1960 as the year of crisis for
SOME CATTIETS.

Congressional Security

As it 15, the Board can expect some
criticism, if not sharp scrutiny, of its
structure this vear from Congress. Al-
though most airline observers do not
feel that any serious attempt will be
made to revamp the Board along the
revolutionary lines recommended by
former Board Member Louis J. Hector
(AW SL]::!: 21, p. 26), they think that
any major disturbance within the
industry could result in some shakeup
of the Board as it 1s now concerved.

Nevertheless, chances that the indus-
try will be freed of tight regulatory
pmttltﬂs which will enable the airlines
to practice some tvpe of price competi-
tion are shight. On the other hand, the
fierce competitive struggle now in the
making probably will result in rate-cut-
ting on flights operated during oft-peak
hours in order to sustain aircraft utiliza-
tion. Excursion and other tvpes of in-
centive fares will also appear in 1960,

Generally, most airline leaders inter-

viewed feel that the industry, as a
group, will prosper throughout 1960
if the nation’s economy maintains 2
rate growth comparable to that in
1959. Gross revenues for the entire
U.S. scheduled airline industry are
expected to climb to $%2.9 hillion in
1960 from an estimated 52.6 hillion
this year.

However, most ofhcials felt that any
disruption in the economyv during the
vear would react more violently against
the nldustws health than such reces-
sions have in the past. This is due pn-
marily to the rapidly expanding avail-
able seat miles as more turbojets are
introduced, which, coupled with a de-
pression in trafhc growth, could create
a severe over-capacity crisis.

Even in a strong economy, a number
of officials feel that at least two airlines
will be hit by an over-capacity problem
on both turbine aircraft and piston-
engine aircraft because of an inability
to match schedule-for-schedule the
flight frequencies of their equipment-
rich competitors in major markets,

With net earnings marginal through-
out the industry, few carriers can run
the risk of low load factors for any
length of time. One official told Avia-
TioN WEEK that low load factors must
be accepted as an integral part of air
transportation if the public interest is
to be served properly.

He explained that high load factors
do not permit a cushion which will ab-
sorb over-flow crowds in periods when
trathe density rises, adding that high
load factors imply weckend stand-by
lines, waiting lists and unaccommodated
passengers. If his point has ment, it
represents a challenge to the Civil Aero-
nautics Board which must see to it that
rates are adjusted to offset the loss per
seat mile that would result from a drop
in over-all load factors.

Nevertheless, economic factors being
what they are fI]CLW within the industry,
load fu‘:tﬂrﬂ must remain well above an
established break-even point if the in-
dustrv 1s to realize an adequate return
on its investment. Most officials agreed
that the turbojets and turboprops, to-
gether with the widespread advertising
and promotional campaigns which have
accompanied their introduction, have
generated substantial volumes of new
trafhic during the past vear.

They also predict that traffic growth
during 1960 will exceed anv rate of in-
crease experienced in the past because
of the appeal of the turbine equipment.
However, they warn that all signs point
to a rise in available seat miles next year
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that will rapidly outstrip increases in
revenue passenger miles. They add that
this situation will undoubtedlyv correct
itself within three vears when major re-
cquipment programs have been com-
pleted and normal trafhc growth waill
have reached a point that will return the
industry to a proper seat mile/revenuc
passenger mile ratio. However, the in-
terim period may prove intolerable for
SOME CATTIETS,

All ofhcials who supported these
views drew the same conclusion: the al-
readv hot competitive race for traffic
within the industry will become so
heated next vear that there may be some
casualties.

Inter-industry rivalry is now especially
keen. It has prompted advertising pro-
srams aimed directly at competitors.
It has created sales and service pro-
grams that are sharp diversions from
traditional service patterns—use of Hil-
ton and Diners’ Club credit svstems
to supplement industry’s universal air
travel plan is one example.

This rivalry also has forced individual
airlines into costly, vet—to the passen-
ser—extremely  advantageous, ground-

handling programs designed to extend
in-flight services to preflight and post-
flight activitics. And it has decentrahzed
consolidated terminals such as that at
Washmgton National .%irpt:rrt and en-
couraged individual terminals such as
those either in being or under con-
struction at New York's Idlewild Air-
port.

The importance airlines are placing
on sales as the major weapon in the
battle for trafhc is rcfected in the
111.111,1gr_mu}1: structures of I::lclmg AlT-
lines. Sales officials in recent months
have been given more authority and
more voice in top-echelon company de-
cisions.

Airline leaders admitted that this
emphasis on sales and expanded pas-
senger service has been brought about
by recognizing that traffic must be in-
creased to protect load factors if an
economical daily utilization of hlgh-
speed turbine aircraft is to be main-
tained. How many carriers can increase
the rate of traffic growth through these
devices to match the mevitable rise in
available seat miles still remains an
unanswered question.

AOPA Proposes Compromise Plan
In FAA Radio Frequency Dispute

By Robert H. Cook

Washington—I'ederal AviationAgency
plans to acquire complete control of
verv high frequency radio bands now
used for traffic control by airline and
general aviation arreraft moved closer to
mduﬁtnmdc acceptance last week on
the basis of a proposal from Aircraft
Owners and Pilots Assn.

FAA planned to improve air traffic
control procedures by taking complete
control of ‘the two VHI" frequencies
commonly used bv the airlines and
general aviabon  plus three  malitary
VHI frequencies. AOPA proposed that
the Federal Aviation Agencv require
cach Air Traffic Conirol Center to pro-
vide at least one frequency in the 125-
127 me. range for light aircraft use.

Under its nrwm.ﬂ proposal, I'AA
would gain VI frequencies  of
126.825 to 128.825 mc. from the air-
lincs, plus frequencies of 132.025 to
135.0 mc., from the militarv, to pro-
vide the agency with a gre ater selection
of frequencies for both air trafhc con-
trol and civil defense purposes. FAA
would handle all air trafhe control com-
munications on the two frequencies ac-
guired from the airlines, eliminating the
present duplication of use of these fre-
quencies by both the agencv and the
carriers. Company communications to
their aircraft, on such matters as opera-
tional changes or weather data, would
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then be conducted on the higher fre-
quencies between 128.825 and 132.0
mc.

Although it was stronglv endorsed by
Aeronautical Radio, Inc., the organiza-
tion which handles radioc communica-
tions for the airlines, announcement of
the proposal browght immediate objee-
tions Jfrom awcraft radio equipment
manufacturers, amd the AOPA, both of
which warned that ‘the plan would en-
tail prohibitive expenses for new, more
powerful radio equipment on the part
of private and business fliers,

FCC Assignment

Actual reassignment of the radio fre-
quencies will be made by the Federal
Communications Commission which
must pass on the public interest aspects
of the FAA proposal after a full study
of the plan,

AOPA in particular opposed the plan
submitted by FAA and told the I'CC
that it i1s willing to support the move,
in the interests of air safety, onlv be-
cause the Federal Aviation Agency had
mdicated 1t will adopt an alternative
providing extra frequencies for the use
of the vast majority of general aviation
aircraft which presently are equipped
with radios unable to transmit bevond
the 127 mc. range.

Generally, the organization’s alterna-
tive proposal would require that each
Air Route Trathe Control Center pro-

vide at least one frequency in the 123
to 127 me. range for light aircraft use.
Heavy, multi-engine -::ﬂrlmmtf: aircraft,
similar to those used by the airlines,
carrv radio equipment powerful enough
to meet the FAA-suggested frequency
changes, while less than one per cent
of the entire general aviation fleet is
equipped for radio communications be-
vond the 127 me. range, AOPA said.

Aircraft Radio Corp.,, of Boonton,
N. J]., and Lear, Inc., of Santa Monica.
Calif., both criticized the high cost of
converting to new radio equipment for
the field of general aviation.

Obsolete Equipment

While endorsing the FAA proposal
as a “natural evolution of the growth
of aviation,” Aircraft Radio told FCC
that the plan will make obsolete much
of the equipment used by private and
business fliers, Actually frtqncnm as-
signments would leave a three mega-
evele hiatus in the radio band required
for use by non-airline pilots, the com-
panv said. As an alternative, the manu-
facturer suggested airlines be given fre-
quencies between 132 and 135 mec,
which FAA plans to uvse joimntly with
the carmers, and general aviation be
given a band of 118 to 131.95 mec.

Lear urged that the new rule not
be made effective until at least a vear
after adoption to permit manufacturers
suffiicient time to d{,aign and build new,
more powerful Lqm]}mcut for sale at
low cost to private fliers, a group which
accounts for more than 95% of the
company 's business in airborne com-
munications Equlplucllt

With more than 75,000 private air-
craft in the countrv now, and with a
growth rate of 500 new planes a month,
the company pointed out that aircraft
owners and manufacturers alike would
be injured bv adoption of the FAA
proposal by next Julv as planned. Lear
explained that while electronics manu-
facturers make a wide range of com-
munications equipment, economic con-
sidderations  have resulted in  aircraft
owners usually selecting equipment of
lower cost that meets all u]:-thmﬂl
requirecments. The practice is so com-
monplace, Lear said, that it has resulted
m a “stabilized” competitive situation
between the four major equipment
manufacturers. Although Lear and its
competitors  make more  expensive
cquipment with a greater range, it is
not designed for sale to a low cost,
high volume market, the companv said.

Acronautical Radio, Inec., has backed
the I'AA plan as originallv proposed
except for the inclusion of a 129.50
mc. common  band frequency, which
the organization feels is unmnecessary.
It {'unt:_m:i'- that progress in radio de-
sign will soon permit zirline communi-
cations on a 50 ke. spacing, compared
with the present spacing of 100 ke, In
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practice, this would amount to doubling
the number of frequencies available,
so that the carriers’ remaining band of
3.2 me. will be suffhicient, Arine said.

Air Line Dispatchers Assn., however,
has challenged this stand. The or-
sanization contends that none of the
airlines has indicated just when it in-
tends to implement the 50 ke. spacing.
when they will replace the frequencies
surrendered to FAA or who will deter-
mine whether the remaiming facilities
are adequate for service to the pilot or
operational control.

Major problem in dispatching 15 that
air trafhe control personnel “monopo-
lize” the pilots’ communications time
on the ATC frequency to a point where
pilots and dispatchers often cannot
exchange weather and other informa-
tion or discuss operational decisions,
assoctation said.

around,

As an example, said the umon, two
trunkline Boeing 7075 were forced to
pass O'Hare Ficld in Chicago, in
November, and ]JIUEEULI to Detroit be-
cause dispatchers were unable to con-
tact them to advise of operational
decisions to do otherwise.

Claiming that FAA is unable to
offer any date for “getting oft” the
desired frcqu::n-:*iu:s, the umion com-
plained that “when next summer rolls
we will find the FAA, with a
spate of new frequencies in hand, lean-
ing on air carricr operations  and
Arine communications the same as
ever.” ALDA added that the agency's
request for frequencies “is not apt to
he the last” and would hkelv bring
about lessened job opportunities for
radio operators because arrlines will fur-
ther consolidate their remaming  fre-
quencies for common nsage.

Vertol 44 Operates Experimentally
Over North Italy Passenger Route

Milan, Italy—Elipadana, a passenger
I]Lhcﬂptu service in northern Italy, has
completed its scheduled weeks of ex-
perimental operations between this city
and Lugano, Switzerland.

Purpose of the operations was to
study the problems of helicopter service
in the Val Padana area north of Milan,
Route flown connected both cities with
the Milan airport at Malpensa, normally
more than one hour bv bus or car from
the Italian city.

Service was flown with a Vertol 44B

caused the Brtish objection,

The U. S. State Department told Aviation Week that the British were justified
in preventing Pan American from operating a through flight from New York to
Jamaica via Ciudad Trjillo because there is no provision for such service in the
Pan American had set up the service with a 30-min. lavover in Ciudad
Trujillo and a change of flight number, but with the single-plane service, State Depart-
ment said the U. S, probably would make the same demands under the same circum-
stances. However, the issue, according to State, will be brought up in U.S.-British
consultations on the Caribbean area scheduled in Barbados next February.
time, the U.S. hopes to resolve the problem so the New York-Cindad Imp!lrm and
Cindad Trujillo-Jamaica routes can be merged to permit throngh jet service.

Pan American’s flight 227 of last Tuesday, scheduled from New York to Jamaica
via Ciudad Trujillo, was the first affected and passengers were advised in a printed
memo that they would be inconvenienced by a change from jet to Douglas DC-6B
equipment for the second leg of the ﬁlght Pan American told its pﬂssf:ngl:n it
believed the problem arose from “intergovernmental misunderstanding.”

hilateral.

British Halt PanAm Jamaica Jet Service

New York—Pan American World Airways last week was forced to suspend
through-plane jet service from New York to Montego Bay, Jamaica, via Cindad
Trujillo as a result of British objections to the new service on grounds that it
breached the U, S.-Great Britain bilateral covering the Caribbean routes involved.
Pan American previously had served Ciudad Trjillo from New York, and Jamuca
from Cindad Trjillo and also had operated a route from Miami to Jamaica via
Ciudad Trujillo. It was the new through-plane service from New York, inangurated
carlier this month for the first time with Boeing 707-120 jet equipment, that

hired directly from the companv by the
Italian frm.

I'lights were scheduled three times
daily.

Fventual route structure of the com-
pany could take in a sweeping arc of
northern Italy from Genoa to Venice
and Trieste. But anv such cxpansion
would depend on the economics of the
aperations, which new are such that
any helicopter service would be a con-
tinuing and heavy financial loss to the
aperator.

At that

This northern sector of Italv 15 a
natural for helicopter service. It in-
cludes several large cities of more than
4 half-million population, 1n addition
to Milan which is now edging to the
two-million mark. Most of Ttalv's heavy
mdustry 15 concentrated here, and so 1s
much of the basic agricultural economv.
The onlv major airport is Malpensa,
which serves Milan and the area around
it, but Malpensa 15 much too far out
of the citv.

Work 15 progressing on moderniza-
tion of Linate Airport, much closer to
Milan, but size will himit Linate to local
SCTVICES.

T'rafhic between these cities is mostly
by road now. One example shows w hy:
from Bergamo to Milan is about 'al['_}
min. by car; from Bergamo to its air-
port is about 90 min.

Weather Factor

Another problem in the area is the
weather. Experienced travelers to or in
northern Italy seldom schedule an air-
plane trip from November to February,
because of the great percentage of time
that the airports are closed due to
weather. Elipadana savs that those four
months must be regarded as solid IFR
conditions m anv planning operation.
T'he trafhe potential, the long distances
from city to airport and the weather
combine to hand any helicopter opera-
tor the 5])L’[‘lﬁt"l|’][ll'|5 for his rotorcraft:
big, economic, reliable, safe and capable
of IFR fhght.

Elip -.-ld{lﬂﬂ savs that this helicopter
just isn't available vet and mav not be
for a couple of vears .

Elipadana f:~|]L‘ml'r.£| out of the Milan
Iw:]-pnrt located just a few hundred feet
from the central railroad station. The
heliport is conventional with a central
circular area hardstand for landings and
takeoffs. Total size of the hehport 15
about 200 sq. ft. with an open grassed
area 200 ft. x 2,000 ft. extending the
area for emergency autorotation land-
Ings.

The approaches to the heliport are
very flat in both directions.

Milan’s future heliport will be a 250 x
300 ft. area on the roof of the new rail-
road station now under construction.
However, the new area 15 not expected
to be readv before 1965,

Financial Background

Flipadana is financed by private and
puhhc capital. The citv of Milan has a
half interest in the organization, and
the other half is split evenly between
Milan industries and banking interests.

President of Elipadana 1s Agostino
Giambelli, an engineer and vice-mavor
of Milan. Milan lawver Dino Mattoli
is administrative delegate, Paolo Terz
has technical responsibilities, and Com-
mandante Ezio dell’Acqua is chief of
operations.
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Air-India’s First 707-420 Rolls Out

Air-India International’s first Boeing 707-420 Intercontinental is rolled out at Renton, Wash. The transport will enter service in early

1960, flying to Bombay, London, Cairo and Tokyo.

Royee Conway bypass engines.

Allegheny, Mohawk
Awarded New Routes

Washington—Alleghenv Airlines and
Mohawk Airlines svstems were extended
to Boston bv the Civil Aecronautics
Board in an expansion of local airline
service stemming from the Northeast-
crn States Area Investigation.

The Board also severed a number of
cithies from the route svstems of hve
major trunk carners in an over-all plan
to improve air service in the New Eng-
land states. Alleghenv will serve Bos-
ton on a hve vear certiheate, and
Mohawk was extended to Cleveland
and Boston for a three vear trial penod.

Need for commuter-tvpe, short-haul
air services to cties between Washing-
ton and Boston was stressed by the
CAB in extending Allegheny Airlines’
route svstem from New "lan to Boston,
erhnfF a new local service Wash-
ingtun-Bnﬁ’mn route via the intermedi-
ate cihies of Baltimore, Md., Wilming-
ton, Del,, Philadelphia, Pa., Trenton,
N. ], New York City, Islip, N. Y.,
Bridgeport, New Haven, Hartford and
New London, Conn., and Providence,
R. L

While this heavily pn]:ruLlh.n:'[ aren
s presently served by nine major trunk
carriers, CAB said that the total of
such service follows no definite, planned
pattern.  l'otal length of the Wash-
ington-Boston route 15 399 mu., cover-
ing 13 cities with a combined popula-
tion, including New York, Newark and
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Islip, of nearly 14 million, the Board
noted, requiring a commuter-type serv-
ice that can not practically be offered
by the trunk airlines.

“On the whole, we conclude that if
there i1s to be a sound, integrated and
complete local service program for the
cities on an Atlantic Coast route, a
local service carrier must be authornzed
to put the program into effect,” CAB
sand.

TCA Jet Surcharge

New York=Trans-Canada Air Lines
favors dropping the surcharge for trans-
atlantic jet operations and plans to offer
standard fares on its Rolls-Rovee Con-
way-powered Douglas DC-8s when they
go on the route next June. Interna-
tional Air Transport Assn. was deadlocked
in its Honoluln trafhe conference in
October (AW Oct. 19, p. 38) and no
rate structure has been established for
the North Atlantic after Apr. 1, 1960.

TCA, however, believes a special
IATA meeting will be held and the jet
surcharge will be eliminated in the new
rate structure. If IATA does not drop
the surcharge, TCA will be forced to
apply it. But the carrier will fight for its
position in any special meeting.

TCA also expects to be the hrst North
American operator without a jet sur-
charge. Transcontinental service with
standard tourist and first class Fares, is
scheduled to begin Apr. 1 with the
DC-8s.

The 155-ton aircraft, one of three ordered by Air-India, is powered by four Rolls-
This 707 is the 94th to be rolled out by Boeing’s Transport Division.

CAB also authorized a new Harris-
burg, Pa.-Washington route segment
for Allegheny, added Reading, Pa., to
the airline’s route svstem and elimi-
nated restrichions on the carmer’s skip-
stop authority.

Mohawk Airlines was placed in the
New York-Boston market by an exten-
sion of the airline’s routes from Pough-
keepsie, White Plains, and New York,
N. Y., to Providence, R. 1., and Boston.

Mohawk also got a ronte segment
between Utica and Syracuse, N. Y. and
Cleveland, Ohio, via the intermediate
cities of Ithaca, Binghamton, Endicott.
lmira, Olean, and Jamestown, N. Y.
and Meadville, Pa.

Reviewing trunkhine activity in the
New England ares, the Board decided
to terminate Northeast Airlines’ author-
itv to serve Belfast, Caribou and Saco-
Biddeford, Me.: Northampton and
Provincetown, MNlass.: Claremont and
North Conwav, N. H.; Brnidgeport,
New Haven, Stamford-Norwalk and
Waterbury, Conn., and St. Johnsbury,
Vi, CAB also voted to suspend North-
cast service at New London, Conn..
during the period Allegheny 15 author-
ized to serve the point.

American Airlines authority to serve
Binghamton, Elmira and Uheca was
terminated, and American service to
Bridgeport and New Haven, Conn,, and
Wilmington, Del., was suspended while
I]Lﬂhun SETVES l'hf. three citics.

E:]]]]l’.t] Airlines service at Reading
and United's service at Bradford, Pa.,
were also terminated by the Board.

gl



CUSTOM DIGITAL SYSTEMS
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From Process Control to Satellite Orbit Prediction

State of the art digital systems can be designed,
built and delivered by Packard Bell Computer in 60
to 180 davs. The “building blocks" exist in hard-
ware, ready for custom assembly. Proprietary com-
ponents and subsystems expedite the preparation
of proposals and evaluations. Solid-state construc-
tion assures reliability. Off-the-shelf equipment can
meet vour speed requirement, with accuracies to
019 analog and .0001 ¢ digital. Packard Bell Com-
puter engineers inspire confidence, whatever vour
problem may be—from process control to satellite

orbit prediction. Talk with them and see.

PACKARD BELL COMPUTER HAS DESIGNED
AND INSTALLED SYSTEMS FOR USE IN:

Transmission and display of radar data

Scanning of radar data and preparation for
computer processing

Providing linkage of analog and digital computers
for simulation

Components and systems checkout

Telemetry data reduction—PAM, PDM,
FM/FM, PCM

Computer data entry and display
Real-time simulation of missile problems
Digital process control

Geophysical exploration

Mixture and flow control

' PACKARD BELL COMPUTER

ASUBSIDIARY OF PACKARD BELL ELECTRONICS
1905 Armacost Avenue, Los Angeles 25, California = GRanite 8 4247
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Fastern Air Lines’ $20 million passenger terminal at New York International Airport has two 350-ft. passageways which provide 16 gates.
Twenty-four aircraft can be parked simultancously on the apron. Terminal is used by 104 daily inbound and outbound fights.

Eastern Opens Passenger Terminal at Idlewildﬁ__
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All major-Idlewild runways and taxivays and all loading and unloading Eastern aircraft are visible from 83-ft. Ingll coordinator's tower
(above, left). Coordinator controds all movement of aircraft and ground vehicles on terminal’s apron area, and controls passenger infor-
mation. Upper and lower vehicular driveways are enclosed behind 375-ft. facade (above, right). Main lobby is on second floor (below,
left); zig-zag pedestrian mamps (below, right) connecting first and second levels are hung from stainless steel cables.
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America’'s Highest-Flying Utility Helicopter

Here is the helicopter for high-

altitude operators in forestry,
construction, utility patrol and
every kind of mountain work.
Already a record-setter, the Pikes
Peak-proven 47G-3 turns in
performance never dreamed of

In a low cost, three-place 'copter.

m’—u- S B e T,

j

A D EE T T

The mighty 47G-3 easily lifts
|00 pound-plus useful load
ofl Pikes Peak durning

rugged Iwelve-day lests

1 — a0

_. PIKES PEAK —

~—== ALTITUDE I4.1I0 FT. =

_ﬁ.;-_- TEMPERATURE 6 ¢
= DENSITY ALTITUDE |- 100 w

Service celling in excess of 23,000 feet; cruises at
15,000 feet with 1100 pound useful load. Forward
speeds up to 110 mph; rate of climb, 700 feet
a minute,

safely makes power-off landings in thin mountain air.
Carries big, rugged rotor system, same as world-

proven Bell 47J)'s,

Powered by Franklin turbo-supercharged engine.
Flown and tested by ten veteran Charter pilots.

Parts are interchangeable with those in existing
Model 47 Bell equipment.

Write today for full details of this brilliant new Bell —
orders for Spring, 7960 delivery are being faken now.

B ELL HELICOPTER CORP. Fort Worth, Texas = Subsidiary of Bell Aircraft Corp.

n

' Not available.
“ Airline division figures.

* Property figure.

" Freight & excess boggage.
Compiled by AVIATION WEEK from airline reports e the Civil Aeronautics Board.

Passenger
Revenue
DOMESTIC TRUNK
American........oooveees| 31,499,278
Branif . .. .......0cc0000, 5,056,177
Capital e B, 644,262
Continental. . . .. 4,448,000
T R 7.895,000
Eastern 20,812,430
Mational. ......coonvvenss]| 3,798,787
MNortheast. .. ............ | 2,034,394
Northwest. . ............ | 6,383,247
Trans World. . . .......... 22,934,250
United. . ..oonveraennsss.| 22,130,880
Weslern. .....oooceueeess| 9,135,822
INTERNATIONAL
American. .. 441,348
BRI oo e 558,583
Caribbean Atlantic.. ... ... 185,643
Delta. . . ... 308,000
Eastern. . .. 1,671,122
Mackey....... 118,783
MNational .. 258, 681
Morthwes?, . ............. 1,857,921
Pan American Combined . .| 23,928,000
R T T e e 260,000
AHanlMe. . ... 00 vne i 12,342,000
Lotin America. . . ....... 5,160,000
Pacific. . ..... 6,166,000
Panegra.......... 1,185,000
T MR e R | R R e
Trans Caribbean.... .. ... i 257 ,49%
Trans World ., . . 4,204,953
United. . . ..... 1,075,360
Western. ... .. e S 332,454
LOCAL SERVICE
Allegheny. ....... FO1,B88
Bonanza. .......... 330,261
ol -] | R T 184, 7E4
FronHer. . ....c.ccoininnns 502,559
Lake 'I:emrﬂl ............. 264, 313
Mohawk. ......oovvvnrw 776, 862
Narth I‘.:nn!rnl. | 1,059,801
NI i e e b e 633,242
Paellet . ..o s b e s g ety
Piedmont®. .. ..........04 643,715
Southern. . .. 307,385
Trans-Texas. . ........... 432,604
West Coasd. .. ........... 498,565
HAWAIIAN LIMES
Aloha. ... .covnissoennrans 314,943
Hawaiian. . ... .-c:cc00.4 454 535
CARGO LIMNES
RARKICOY, . o vvrnmnvis o] wakyss
KOrVIOR. « vu i i s dnesairanal Fadddd ey
Flying Tiger. .............
Riddby i svaamaies daal EEe
Seaboord & Western.. ... .
ORI s o o ) e e A
HELICOPTER LIMNES
Chicago Helicopter. . . 132,689
Los Angeles Airways. . .. .| 15,687
New York Airways. . .. .. . 73,403
ALASKA LINES
Alaska Airlines. ... ....... 186,848
Alaska Coastal, . ......... 71,451
Cordova.........co00s. 127,890
i T T R R 48,000
Meorthern-Consolidated . . . . 48,612
Pacific Northern. . ........ 440,911 |
Reeve Alevtian........... 103,909
Wien Alaska. . ........... 60,660

(IN DOLLARS)

T Net operating income.

U. 5. Mail Express Freight Charter
484 317 383,048 | 2,203,030 I
155,024 53,944 198,477 72,063
211,257 127,042 143,282 29,032

461,000 40,000 B&6,000 24 000
172,000 111,000 7000 | viaviaaiis
411,037 0dg. 304N .. ..., 49,410

21,348 27,703 169,239 88 742

15,921 Iﬁ*ﬁIS' o i Al (.
213,599 420,847 ¢ 2 23,283
542 805 | 1,411,288% ........ 1 240,172
786,462 | 2,123,54B% ......... 381,200
118,552 33,218 | 103,644 23,342

9,786 214 5832 | viceriavin
14,053 ety 43,426 28,949
2,371 10, 2898 L 200
5,000 1,000 FOGOO0 -1 aoimu i woniiona

19,724 88,8346% ......... 23,084

ML - 130 F900 | c.oiiis o

4,037 3,519 17,250 e
628,400 497 6952 ... ... 3,853

1,604,000 | .... 3,609,000 853,000

20000 | +cvsnsnesa 39, 000 2,000 |
FIZ.000 | ~vvncncons 1,288,000 | 270,000
208,000 | . .| 1,344,000 498,000 |
659,000 . 938,000 83,000

B DO | isiviiens 143,000 5.000

| el (T T e 384,245

[P S P 122,535=| ......... 7,879
490,681 498 . 565% ... ...... 111,143
48,459 I AN Cilanas | osresmaea
5088 | sovpesivas 4,262 4,494
10, 450 13,118 24,870 12,894
3,260 1,812 3,901 9,560
8,000 2,474 7.207 17,410
14,045 4,573 30,553 17,020
5,295 10,402* i 5,215
9,374 10,983 13,915 35,389

27,412 21,000 17,123 28,9264

298,392° 9,738 27,898 10,436
8,353 7,847 10, 404 44, 4134
10,623 5,134 10,464 7,964
12,180 5,924 18,4619 26,823
7 ,¥80 3,799 8,277 5460
2,033 5,290 1124
2,976 71,915 84,5374
e | S et 149, 1008 ..... :
sr. 008 | 1,584,100 .....cu-. dﬂ? ?Eu

______ BiEk . L 5 L X

............ : i ,020,350
151, 7495 ..., e e s iars S ) e

10,676 TR I e Nide i amid

1,642 1,250 r v B R
48,567 1,231 54,499 215,900

8 TOE | s B,771 1,971
100, 6785 ......0cns 45,5648 342,835

4,600 Z-B008 o ; 600

2836 | caciisaves 29,239 12,105¢

65,398 2,294 78,032 L

80,346 | .....inies 33,9797 7,693

B2 888 | covariinbin 25,226 | 23,197

Totlal
O peraling
Revenue

Aitline Income & Expen ses—October, 1959

35,216,394
5,636,942
9,297,774

8,736,000
22,403, 606
4,277,883
2,184,740
| 7,263,267
| 25,286,430
| 25,810,279
5,471,665

521,645
663,179
201,020

337,000
1,625,823
132, 946
291,068
3,013,798

4,753,000 |

31,032,000 |

333,000
15,091,000
T, 447,000
B, 161,000
1,564,000
384,496
449,088
5,542,916
1,171,042
346,749

975,656

457,623
958, 607
436, 698

1,024,856

1,554,701
991,044

1,010,744
543,677
749 710

1,823,807

330,977
598,421

233,652
2,034,624
548,920
1,921,933
1,071,491

284,467
117,326
274,359

726,609
139,151
1,007,503
20,800
190,083
738,392
186,912
224,955

! Nen-scheduled transpertation.

*Common carriage.

831,434 |

Net
Total Income
Operaling Before
Expenses Taxes
32,656, 542 2,559,852
5,211,171 328,918
9,096,324 201, 450"
4,450,000 49,000
8,526,000 | 191,000
23,918,595 |— 1,837,380
5,302,899 |—1,134,654
3,140,657 —955,517°
7,167,925 379,312
22,296,323 3,157,199
25,537,387 343,604
4,480,714 932,057
594,141 — 72,496
718,998 — 66,317
207 , 694 — 5,847
421,000 — 88,000
1,927,296 — 128,477
131,544 1,465
362,482 —71,414
3,041,554 — 12, 462
28,875,000 1,802,000
481,000 — 148,000
12,632,000 2,412,000
B, 765,000 —1,321,000
6,994,000 1,172,000
1,654,000 — 78,000
390,177 — 5, 8617 |
484,495 17,180
6,615,428 — 1,142, 488
1,067,732 93,490
367,956 — 27,089
1,064,265 — 88, 609°
554,003 257,467
472,237 — 14,6131
1,125,717 — 183,990
402,047 34,651°
975,154 45,702°
1,692,923 — 167,524
939,653 51,391
983, Eﬁ:! 35,079
561,020 —17,343°
EIE,?'M 65,169
934,595 889,312’
349,237 — 18,2617
570,354 8,061
223,567 10,0857
2,032,998 —71,829
531,483 17,4387
2,113,719 —191,786°
1,000, 687 70,804
231,586 50,155
114,043 3,239
287,751 — 14,827
710,109 4,328
174,169 — 35,0187
961,733 47,880
94,300 —3,500°
269,206 | —79,1239
Bas, 581 — 162,616
162, 855 21,954
354,053 — 129,099

" Includes federal subsidy
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AIRLINE OBSERVER

» Congress can be expected to take a close look at subsidies to local service
carriers next vear, particularly if subsidy costs climb as high as forecast.
However, since a vast number of congressmen are on Civil Aeronautics
Board records as having supported adoption of routes that are subsidized,
it is very unlikely that any severe cutbacks will take place. Chances are
strong that there will be another move to pass a bill designed to prohibit
a carrier off subsidy from returning to subsidy.

> Air Traffic Controllers Assn. is calling for the publication of an official
glossary of air traffic control terms and phrases in a public flight document
so their meanings will be a matter of public record. Controllers want an
official glossary to standardize operations and to serve as a final authonty
in the event of disputes in hearings.

> Acroflot plans to build 15 heliports along the southern Cnimean coast
to provide regular transport and special taxi helicopter service almost to
the doors of large sanatoria and health resorts in the area.

» American Express Co. has broken into the airline credit field with a
contract with Alaska Airlines permitting use of American Express credit
cards for the purchase of tickets, vacation tours, excess baggage charges and
personal freight shipments, Previously, only Hilton Credit Corp. and the
Diners’ Club had successfully entered the airline credit field (AW Sept. 14,
p. 40).

» Alitalia, Ttalian airline which last vear fought vigorously for a high sur-
charge on jet flights (AW Oct. 27, 1958, p. 26), is now predicting fare
reductions by 1961 of 20 to 30% below current prices on grounds that
jet operating costs will be 30% below piston engine aircraft operating costs.

> Varig Airlines of Brazil has contracted with Lockheed Aircraft Service for
maintenance and overhaul of its fleet of Sud Caravelle turbojet transports.
The airline began service last week with the new aircraft on its New York-
Nassau-Port of Spain-Belem-Rio de Janeiro-San Paulo-Montevideo-Buenos
Aires route,

» Trans-Australia Airlines is claiming a daily utilization of 12.3 hr. for its
Lockheed Electras.

P Pan American World Airways excursion fares between Seattle-Portland
and Honolulu to apply on turbojet flights as well as piston engine flights

has been upheld by the Civil Aeronautics Board. Complaints by Northwest
Airlines and the City of San Francisco that the lower fares were discrimina-

tory since they did not apply to jet service between Honolulu and San
Francisco-Los Angeles (AW Nov. 23, p. 39) were dismissed by the Board.

» Official Soviet specifications on the Tu-114 turboprop transport place the
over-all length of the airplane at 177 ft.—about 20 ft. longer than the
Douglas C-133 Cargomaster. The Tu-114's height is 49.2 ft., fuselage
diameter is 13.8 ft. and wing area is 3,347 sq. ft.

> Airlines were quick to file protests against a current proposed ruling by
the Federal Aviation Agency calling for FAA approval and inspection of all
electronic gear installed on aircraft for either permanent or test use. How-
ever, complaints were withdrawn when the Air Transport Assn. pointed ont
to the carriers that such approval and inspection represented a strong legal
protection for the airlines in the event the cause of an accident could be
traced to electronic equipment.

» General Electric will flight test its C]805-23 aft-fan engine in Januarv.
The two engines used in obtaining data on C]J805-3 performance (AW
Dec. 21, p. 29) will be fitted with aft-fan sections and reinstalled in the
companv's Nouglas B-66A. The CJ805-23, rated at 15,000 1b, thrust, will

power the Convair 600 jet transport.

SHORTLINES

» Aero Engine Division of Rolls-Royce
L.td., reports its turbojet and turboprop
engines have completed 10 million hr.
in airline service. The British company
said their engines have flown 2.5 bil-
lion engine miles on the 490 Rolls-
Rovee-powered airhiners m service 1n
56 nations on six continents. The com-
pany’s engines are installed in Vickers
Viscount, Fokker Friendship and Fair-
child F-27 turboprop aircraft and in

de Havilland Comet 4 and Sud Avia-
tion Caravelle turbojet airliners.

» Braniff Airways will begin the first
commercial air service bebtween the
southwestern U. S. and Bogota, Co-
lembia Jan. 6 when DC-7C schedules
will be inavgurated through the Hous-
ton gatewav. Braniff plans to begin its
Boeing 707-227 turbojet transport serv-
ice on its Latin American routes in
carly spring.

» Flving Tiger Line reports air freight
revenues of 514,168,469 for the 11-
month period ending Nov, 30. Dunng
the same period of 1958, the all-careo
airline reported revenues of $10.761.-
269. Flving Tiger also announced that
its November monthlv heures were
16.4% above those for the same month

of 1958,

» National Airhines has received a fve
vear tenewal authorization from the
Civil Aeronautics Board to serve Mel-
bourne, Fla., on 1ts MNiami-Houston

route and permanent authonzation to
serve Panama City, Fla., on the route.

»Pan American World Airwayvs has
started two weckly round trin flichts
from New York to Bermuda using
Boeing 707 Intercontinental turbojet
transports. In addition to the two tur-
bojet fights, Pan American 1s operating
nine weekly flights from New York and
three weeklv flichts from Boston using

Douglas DC-6B and DC-7C aircraft.

» Southern Airwavs has received au-
thority to serve 19 additional cities n
Tennessee, Alabama and Mississipp
from the Civil Aeronautics Board, brine-
ing the airline’s service to a total of 56
cities covering 4,658 route miles. The

new order will become effective on
Feb, 26.

» Trans World Airlines has added Pans

and Rome to its Boeing 707 Intercon-
tinental service and carried its 500.000th
turbojet passenger on the inaugural
flight to the two European cities. The
707 made the New York-Paris segment
of the trip in 1 hr. 53 min.—52 min.
ahead of schedule.
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THE J-75 ... RUGGED AND POWERFUL...

Pratt & Whitney Aircraft's J-75, the world's most power-
ful production jet engine, is demonstrating its reliability,
stamina, and outstanding fuel economy in two of the
U. 5. Air Force's newest aircraft—the Republic F-105
fighter-bomber and the Convair F-106 interceptor,

The J-75 derives its basic concept from the famous
Pratt & Whitney Aircraft J-57 and delivers more than
24 500 pounds of thrust with afterburner. Commercial
versions of the J-75, together with the J-57, power nine
out of ten of all Boeing 707 and Douglas DC-8 jet air-
liners now in service or on order,
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Today Pratt & Whitney Aireralt builds jet power lor America’s quick and rugeed
fichung arcralt, for guided missiles, rockets, and swilt commercial jetliners.
rI'lli'un;t;h constant research and a traditional talent for tllifili]l;{ the hnest cu;;im:cr-
ing tools, propulsion for the future 1s being developed and produced at Pratt &
Whitney Aircralt, including airborne nuclear power and other advanced applica-
tions ol Cnergy [or S[RIce vehicles, These IJI'HJL'L'[H- will Opcll stll new frontiers
the world of thght.
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East Hartford, Connecticut
A division of United Ailrcratt Corporation




do you get production reports in time for a decision...or a post mortem?

IBM 357 Data Collection System
speeds “live” production data to
management in time for action

Production line data must be “live” if it's to be of use
in management decisions. The new 1BM 357 Data
Collection System now makes this information avail-
able as soon as it occurs. . . in readily usable punched
card form. The IBM 357 greatly increases the volume
and speed of data flowing from production line to
management, vet drastically reduces the amount of
paper work involved.

balanced data processing

Each central receiving station of an IBM 357 System
1s served by up to 20 compact, wall-mounted input
stations, strategically located near work areas to re-
ceive data directly from the production line. Facts
fed into the input station are flashed to the recording
center and automatically punched into IBM cards,
ready for processing. The IBM 357 System is com-
pact, economical, flexible. It can be expanded or modi-
fied at any time to handle changing needs.

Your local IBM representative can tell vou about the
money-earning advantages of the new IBM 357 . ..
call him today. The IBM 357 Data Collection Sys-
temn, like all IBM data processing equipment, may be

purchased or leased.
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SUPERSONIC all-weather Republic F-105 has flown faster than Mach 2 at 38,000 ft. Petaltype speed brakes operate at Mach 2.

F-105 Spearheads TAC Fighter Forces

By Robert 1. Stanfield

Seymour Johnson AFB, N.C.—lac
tical Air Command’s supersonic Repub-
lic F-105 fghter bomber, declared
operational on Jan. 1, 1959, has main-
tained an over-all in-commission aver-
age—including test fights and pilot
checkouts—of better than 70%. NMore
than 100 pilots have lown the Thunder-
chief over 4,000 hr. without a single
in-flight engine failure or fatality.

First airplane designed from scratch
as a fighter bomber for TAC, the =105
also 15 the first amrplane in Air Foree
history to fly a full 10 months without
a major accident. The almost fullv
automatic F-105D—with all-weather ra-
dar and bombing capabilities (hercto-
fore not possible in TAC)—is being de-
scribed as the “"Tactical Air Command
answer to the atrategic Air Command
mission.”

Fighter Unit

For an on-the-spot check of F-105
operational capabihities, this AviarTion
WEeek editor flew to the home base
of TAC's 4th Tactical Fighter Wing.
The 4th i1s currently the only Air Force
unit that has the big, single-place Thun-
derchief which, with its nuclear pay-
load, will be the No. 1 fighter unit for
TAC’s Composite Air Stnike Force. The
® Speeds. The F-105, approaching the
facts were impressive:
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2,000 stat. mi. range without air-to-air
refucling and with an operational ceil-
ing in excess of 50,000 ft., has flown
faster than Mach 2 at 38,000 ft. It
also has attained speeds of Mach 1.14
and 1.29 at sea level and at 4,500 ft.
On Dee. 12, piloted by Bng. Gen.
Joseph H. Moore, commander, 4th
TFW, the F-105 flew 1,216.4 mph. fom
a new world's speed record tor the 100
km. (62.14 stat. m.) closed course at
Edwards AFB, Calif. (AW Dec. 21,
p. 24).

e Rate of climb. The Thunderchief.
with water injection, has climbed to
5.200 ft. in 55 sece. from standstill on

BRIG. GEN. J. H. MOORE

the runway. Irom “gear up,” at an
initial speed of 375 kt., the F-105D
has reached 40,000 ft. m 2 min. and |
SEC.

e Weights. The F-105 15 63 ft. 1 1,
long, with a wing span of 34 ft. 11 n.
and a height of 19 ft. 8 in. Empty
weight (minus fuel) is about 28,000 1b.
Operational  weight  (clean) approxi-
mates 34,000 1b. Fully loaded—wath
three 450-gal. external tanks, plus bomb
hay tanks (it can’t carrv both fuel and
its weapon in the bomb bay)—it will
gross about 46,000 1b. This hgure 15
expected to increase to over 52,000 1b.
In later models the fuselage may be
lengthened and the wing area increased.
e Engine. Powerplant 1s the Pratt &
Whitnev ]75 of 15,000 Ib. thrust, plus
afterburner. The -P5 engine, which
powers the F-105B (only 75 B-models
will be bumilt), delivers total thrust up to
23,500 1b. The -P19W series, which
power the new I-105D, generate a total
thrust of 24,500 1b. (ary) and 26,500 Ib.
with water imjection. The |75, with up-
trimming, 1s expected eventually to
reach the 30,000-Ib. thrust range.

Private Venture

The F-105 initially was a private ven-
ture of Republic Aviation Corp., Farm-
ingdale, N. Y. First experimental XF-
105A was fHown in Oct., 1955. First
I-105B was flown in May, 1956. The
all-weather “D" made its hrst flight
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ASSEMBLY line at Republic’s Farmingdale, N. Y., plant. Fighter-bomber is 63 ft. 1 in. long. Span is 34 ft. 11 in.; height is 19 ft. 8§ in
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F-105 has climbed to 8,200 ft. in 55 sec. from a standstill. Following gear retraction, the Thunderchief has climbed to 40,000 ft, in 2

min. 1 sec.

June 9, 1959, Some 61 FF-105s have
been produced to date, including about
6 test airplanes of which two are the
[©-105D. The last of the Bs are cur-
rently running off the chui}lic produc-
fion hne.

Airplane was fhrst delivered 1 May,
1958, to the 4th Tactical Fighter
Wing’s 335th Squadron, the first using
organization to test such an aircraft at
Fglin AFB, Fla. About 18 aircraft have
been delivered to the 335th at Eghn,
in addition to 18 going to the 334th
and nine to the 336th Squadrons at
Seymour Johnson. The 333rd Squad-
ron at that base, now Hving North
American F-100 Super Sabres, will be
the first unit to receive the I'-105D. At
full strength the wing will have about
72 aircratt,

The F-105D also will replace  the
[F-100 overseas, in U.S. Air Forces
Europe (USAFE) and Pacific Air Forces
(PACAF), and 15 earmarked for delivern
to the 4520th Combat Crew Training
Wing at Nellis AFB, Nev,, early next
vear.  About 300 F-105Ds are expected
to be deploved to Europe within the
next 12 months. To date TAC has
negotiated firm contracts for 120 ainr-
planes and has programed for some-
thing over 500 aircraft.

Htmng possibility exists that TAC
will program an additional 400 Thun-
derchiefs which, with its initial plan-
ning estimates, could eventually give it
over 900 F-105s. Total upgrading of
Tactical Air Command, into a Mach 2
hghter bomber force, should be com-
pleted by 1964.

On the European side, Republic, fol-
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lowing an assessment by a 10-engineer
team, 15 offering the FF-105D at a ﬂx
away cost of $1. + milhon (a fAxed-price
{:nntr.act} in Holland and Belgimm,
where the airplane would be hui]t.
These countries combined have ear-
marked about $220 million of their own
money for production of from 250 to
300 aircraft. This would be about halt
the cost for this number of F-1035s; the
remainder of the monev would be
funded via mutual aid. Also competing
for the Dutch-Belgian Air Force order
are the Northrop N-156F, the Lockheed
[-104 and the French Dassault Mir-
age 3A (AW Dec. 21, p. 20).

Pilot Transition

TAC 1'L'E|1.1i'['f."\ its commanders to be
prﬂﬁrzlmt in primary aircraft, and Gen.
Moore i1s one of but onlv three gen-
cral {Jﬁfﬂrﬁ who have flown the wngh
place F-105. All transitioning is bv
TlH: ]Jih_ﬂ: alone, who is chased on
check-out by an  instructor-pilot  1n
another [F-105.

Two F-105D simulators being built
by Erco Division of Amencan Car &
Foundry, are still almost a vear away
from completion.

The I-105 "is the casiest airplane
I've ever Hown and checked out in . . .
as a high-performance airplane,” Gen.
Moore told Aviation WeEeg. Key
almhlhhcr. of the weapon svstem w hich,
with air refueling, can strike at anv
target in the w ur’ld and which, at 40,000
Ft_ has been defned as “equal to the
Boeing B-52 Stratofortress in accuracy,”
include:

e Missions. TAC pilots feel they can

The Pratt & Whitney ]J75 powerplant is expected eventually to reach the 30,000-1b. thrust range.

now perform missions previously flown
by large bombers with large crews.
|+ IL"hl} is capable of trectop-and-up
level flight bombing, low-level blind
LABS mancuvers, automatic and blind
dive-toss bombing. The D model 15
aimed at any target under any weather
conditions, mn:'lu-:lmg brush-fire and all-
out war concepts. The Inng bomb bav
is also adaptable for an air-launched
hallistic missile,
e Armament. The IF-105 1s the first
ﬁghttr with a bomb bay for internal
carrving of a nuclear w Jp:m negating
vaw problems. Airplane carnes nn{k,u
and thermonuclear bombs as well ;
conventional types, in addition to Si dL~
winder, Bullpup and White Lance mis-
stles,  Armament also includes a nose-
mounted General Electric M-61 2{)
mm. Vulcan automatic cannon (a six-
barrel rotating “Gatling gun™) that
fires 6,000 rounds a mimnute. Cannon n-
corporates a linkless feed svstem, saving
16 cu. ft. of space which 15 utihzed to
house radar equipment.
e Navigation. The AN/APN-131 dop-
pler airborne navigation svstem (built
bv Laboratory for Electronics, Inc., Bos-
ton, Mass.), installed in the F- ]{hD.
automatically and independently  of
oround 1ilz-,hlL1rmm—fhmugh a self-
r:nnt.nmr] cmupntur—ﬁupphm the pilot
continual present- |:1m1hfm coordhnates,
ground speed, track, heading and dis-
tance to target, wind direchhon and
velocity, and alternate destination selec-
tion. No dead reckoning is required of
the pilot.

NASSAR (North American Search
and Range Radar) navigation and fire
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TEST-PROVEN GAS SERVO

S0 percent lighter ... costs less ... than equivalent hydraulic control system
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BATTERY-HYDRAULIC 5SERVO S5YSTEM

SIMPLE, RELIABLE DESIGN

General Electric has developed a pro-
portional gas servo system for actua-
tion control in high and low tempera-
ture and radiation environments where
hydraulic servomechanisms are un-
desirable. Basically a force servo with
position feedback and electrical sta-
bilization, 1t has only three major
components —an energy source, a
valve-actuator, and a stabilizing am-
plifier.

By using gas energy directly, rather
than converting it to hydraulic power
first, the system can tolerate steady-
state ambients of 1,000 F, and higher
for short missions., In addition, the
number of parts is kept at a minimum,
simplifying the design and increasing
its reliability.

USES HOT OR COLD GASES

The gas servo system operates effec-
tively with hot gases from solid pro-
pellants or liquid fuels as well as with
compressed stored gases, Hundreds of
hours of compressed air testing and
many hot shots have been completed

successiully.

Cﬁﬂ:pnci valve-actvator assembly has been 'ES'EI:‘.' repenre-n'l'r in closed loop
position actuation system with flightweight solid propellant energy source.

IMPORTANT BENEFITS

This proportional servo offers signifi-
cant advantages:

1. High frequency response through
pressure control rather than flow
control. Demonstrated: 10 cps at
90 deg phase lag, with 130-1b load.
Higher response i1s possible with
increased control bleed flow.

2. Minimum gas consumption through
use of two-stage closed-center
valve.

3. The system is flexible. Damping,
stifiness and accuracy character-
istics are controlled electrically,
without change of hardware.

4. Poppet valves minimize leakage.
Having no close-fitting sliding parts,
they are well suited for high-
temperature operation and lessen
thermal shock problems.

5. Symmetry of design minimizes
effects of G-forces, and avoids
null shifting.

Progress ls Ove Most Important Produvct

GENERAL

ELECTRIC

231-33

NO STORAGE PROBLEM
Because it is a dry system, the G-E
gas servo eliminates virtually all the
problems resulting from the static
storage of liquids — thermal expan-
sion, leakage, evaporation. This re-
duces maintenance and helps assure
instantaneous readiness.

For further detailed application
information, contact your nearest
G-E Aircraft Accessory Turbine
Dept. representative.

DAYTON 19, OHIO—M. C. Toth,
2600 Far Hills Ave.

GARDEN CITY, N. Y.—J. W. Babcock,
600 Old Country Rd.

LOS ANGELES 5, CALIF.—R. J. Sheehan,
| 3325 Wilshire Blvd.

MIDWEST CITY, OKLA.—T. A. Baldwin,
213 P.O. Bldg.

ST. LOUIS 21, MO.—F. T. O'Brien,
Lambert Airport Bldg.

SAN DIEGO 1, CALIF.—R. F. Cota,
| 1240 Seventh Ave.

WASHINGTON 5, D.C.—J. A. Kelly, Jr.,
F77—14th 51, N.W

WEST LYNN 3, MASS.—E. J. Chandler,
250 Western Ave,

WICHITA 2, KANSAS—L. E. Koontz,
200 E. First 5t

control supplement allows the pilot vis-
ually to keep track of his route, The
all-purpose monopulse R-14A radar is
adapted for both low-level and high-
level wmmssions—air  search, .-mtnuﬂtl':
tracking, ground and contour mapping
and terrain avoidance—regardless of vis-
ibility, ceilings or target area conditions.
Ground mapping ranges of 13, 40 and
S0 maut. m. are possible. Under -
strument conditions the radar can be
used to eliminate doppler errors,

The General Electric FC-5 flight
control system, tied to the doppler for
automatic navigation, flies the aircraft
on a great circle course. The FC-5
maneuvering autopilot, with force stick
steering, will negotiate small corrections
as the F-105 nears the vicinity of the
target or check-point (the autopilot also
incorporates automatic coupling to ILS
—instrument landing system).

Fire Control

“D" model also incorporates the Gen-
cral Electric AN/ASG-19 “Thunder-
stick” fire control svstem, which in-
cludes the R-14A radar and a General
Flectric bombing computer; a I?.Lpuhliu:
concept mmrpnmhnﬂ this company’s
ideas on mechamzation and mathe-
matics, and tieing together navigation
and fAight control systems with fire
control.

“Thunderstick” arms and takes over
the actual release of the bomb and
solves such problems as release altitude.
flight time to target, ,iugh of attack
.m:l crosswind. ln certain modes of
delivery the svstem also imtiates an es-
cape maneuver following the bomb
release, The three-axis antomatic flight
control (FC-5) funchions as an elec-
tronic copilot, as an aid to the pilot in
both Aying the jet or taking over com-
pletely.

Thunderchief bombing aids which
keep errors to a minimum include:

e Wings-level aid. There should be no
errors due to the airplane not being
honzontal. For instance, the cross-wind
measured by doppler is sent to the anto-
pilot so that at the tune of bomb release
the wings will be level.

e Bomb release. Another mid is the
toss-bombing computer which negates
the pilot having to fly a pre-computed
problem. The pilot can pull up the
F-105D at any angle; the mmputu will
LI;II'IIPL!I'IHH_‘ and release the bomb at the
correct time.  If escape data is not cor-
rect, the homb will rL"1L';l.‘-LL' at high point
rather than at low point.

e [iscape manenver. Dive-toss, which
reduces time of flight of a bomb to a
minmimum, 15 the most accurate mode
of delivery and necessarily involves an
escape maneuver with use of a nuclear
weapon.  In this instance the com-
puter either gives a release or refuses a
release, depending on  the “pickle
point.”
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e Vertical bombing. A Lear all-attitude
(360 deg.) non-tumbling reference svs-
tem, for vertical bombing, is tied in to
the doppler for heading indication. [t
15 also tied in to the bombing computer
for true vertical indication and ties in
to the flight control svstem so that the

pilof m1tm11~thr:alf can maintain anv
heading he sets in.

Bomb Accuracy

Sophistication of the F-1051) weapon
system could allow for a circular error
probability (CEP)—distance from target
on average pass—of about 500 ft., which
is not improbable with this airplane. A
one-kiloton bomb (20,000 tons of dyvna-
mite), with a 500-ft. CEP, could easily
knock out any target. By comparison,
a 1,000-ft. CEP would require four
airplanes or a bomb four times the
strength.  An airplane with a CEP of
1,500 ft. would require a 10-kiloton
bomb to do the same work. The F-105
is said to have the smallest CEP of all
Century series aircraft.

Tht: Thunderchief can operate from
a 5,000-ft. runwav, with a drag chute
to slow the lelmg roll.  Average take-
nﬂ distance 15 3,000 ft.; Lmdinﬂ roll,
3,500 ft.  Without a drag chute the
JIFP'I!'IL can turn off within 7,000 ft.
Installation of a water-injection svstem
reduces the takeoff roll almost 900 ft,

Usual F-105 unstick speed 15 about

Thank You, Again...

MALURICE H. McGUIRE
EASTERMN DIVISION SALES MANAGER

dA508 ALLINSONYILLE RD.
INDIANAPOLIS, INDIAMNA

for the biggest
sales year in
the history of

IDROALRE

Aviation Subsidiary of CRANE

SITUATION

DISPLAYS

Command decision—
still a function of man!

When key operations factors
appear on a single
Avion Display screen,
the accuracy-ratio of critical
command decisions goes up!

Presenting required facts
accurately and fast during every
phase of manned mission. ..
on land or sea, or in the air. ..
an Avion Display provides,
in one place, a vital visual
link between man and machine
that permits the constant
monitoring and evaluation of
data for correct
split-second decisions.

CALL US OR WRITE
for all the facts about
Avion Display Systems.

FREE! 1960 "SPACE YEAR IV"”

CALENDAR/MEMO BOOK
+ +» » YOURS ON REQUEST!

Top assignmenls open in this field

AVION

FOREMOST IN AVIONICS
AVION DIVISION

(0 Cf inDUSTRIES INCORPORATED
11 PARK PLACE, PARAMUS 1, N, J.
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For 264 000 bits a second
from Mach 4 sleds
at Holloman Air Force Base

On a 7-mile long track, these sleds test
warheods, missiles, airloils, missile com-
ponents, and humaon tolerances, fransmit-
ting their data 1o a Yelemetry buwilding
which is the intelligence center for trock
operations. There, a digital telemetering
system receives, translates and processes
the daota. The entire telemetry system—
from output of the sled-borne tronsducers
to computer input—was designed and buily
by Radiation Incorporated.

Tha Rodiation system has three units; the
rugged sled package that multiplexes and
digitizes the data, a Data Collector Group,
ond a Processor Group. Such high-speed,
rugged telemelry and dola systems are
designed ond produced by Rodiation lor
o variely of missile ond space projects,

RADIATION IS5 o growing company

in spoce communicaotions, Qur business is
research, development, and production of
electronic systems and equipment, includ-
ing radar, antennas, telemelry, dolo ac-
quisition ond processing, lest equipment,
ond related electronic systems,

If you'd like more information on Rodia-
lion, write for the latest copability report.
Address: Radiation Incorporated, Depl.
AWI1Z, Melbourne, Fla. Radiation’s plants
are at Melbourne and Orlando, Florida;
Mountain View and Palo Alte, California.

RADIATION

CORRPORATED

F-105 can carry three 450-gal. external tanks plus bomb bay tanks. Airplane is approaching 2,000 stat. mi. range without refueling.

3 kt. Final approach is flown about
180 kt.; touchdown 15 usually at about
160 kt., speeds varving with weights.
Pattern speeds are comparable to the
F-100; imtial pitch-out speed is 350 kt.
Two vertical and two horizontal dive
brakes (petal-type, on tail) decelerate
the airplane; when the gear 1s down,
the vertical brakes close up, permitting
operation of the drag chute and pre-
venting bottom-petal runway scraping.
Fully open, at 50 deg. angle to fuselage,
the brakes present an area of 29 sq. ft.

Pilot Requirements

The 4th Tactical Fighter Wing at
Seymour Johnson has become “combat
ready” a squadron at a time; pilots
the process of checking out in the F-105
have retamed this status i the I--100.
“Pilot performance can’t be mediocre,”
said Capt. Garry A. Willard, flving

training officer for the wing, who him-
self 15 crowding 3,000 hr. of jet fiighter
time (and a crack pilot, too, with whom
this editor flew north 1in an F-100F).
Capt. Willard noted that the 4th's
F-105 pilot requirements generally run
to 1,000 hr. total vag time, of which
at least 200 would be 1n Cm]turv SETIeS
aircraft.

The wing 1s dominated by captan
pilots with an avcra&e age of 27 and an
average individual flying time runnmg
between 1,500 and 2,000 hr. The wing
15 moving toward putting 25 hr. per
month on each F-IEIE. As a wing 1t 15
programed to fv a total of 1,800 hr.
per month.

The 4th doesn’t operate on the
“scramble” principle. If the “whistle
blew,” pilots would operate on about
a six-hour movement, which would
hinge on readving of aircraft, briefing,

1-.Lttmg up aerial tanker movement, cte.
The wing has just completed compata-
bility tests with the Boeing KC-135
Stratotanker, which will be used when
available. The 4th now uses KB-50]s
for acrial refueling. With two additional
450-gal. tanks, the F-105 itself becomes
a tanker for “buddy refueling.”

Squadron pilot check-out and tramn-
ing runs to about 75 flying hours. In-
cluded are 10 transition missions of 1 hr.
30 min. each, plus a combat readiness
program including day-might air refuel-
ing, special and conventional weapons
training. Ground training includes a
16-day program, in addition to steady
squadron programs.

Transition from the F-100 to the
[-105 is proving easv for the pilots at
seymour Johnson, Aviation WEEK was
told. Wing maintenance personnel are
trained by a mobile training detachment

g i -
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ARMAMENT carried by this F-105B at Seymour Johnson AFB includes two 3,000-1b. T-55 bombs outboard and two 750-1b. Mk.83
bombs inboard. Carried under the belly is a 450-gal. external fuel tank. Long bomb bay will carry a nuclear weapon.
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How Liquid Hydrogen

These new high-speed turbo-expanders hold the key
to producing Liguid Hydrogen on a tonnage basis.
They make it possible to liquefy this ultimate fuel
at low cost for the first time. Specially designed by
Air Produets for the Air Forece Tonnage Liquid
Hydrogen Facility at West Palm Beach, Florida,
they are the latest examples of how Air Products
experience and skill in ervogenies apply laboratory
technology on an industrial seale, to meet specifie
requirements.

Air Products engineering know-how and ingenuity in
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came out of the lab

all phases of low-temperature processing are at your
command—to solve unusual gas separation problems,
to develop entirely new processes and make them
practical, to design and manufacture special eryo-
genie equipment, to supply all vour low temperature
process needs. Our complete range of services includes
research, engineering, manufacturing, plant opera-
tion and field service. We invite yvou to diseuss your
ervogenice future now. Write or call for full informa-
tion. Air Produects, Inec., Allentown, Pa. Phone

EXpress 5-3311.

Fer roduiots

- INCORPORATED

.
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HINGED nose and access panels facilitate F-105 inspections and maintenance. Note nose-
mounted General Electric M-61 Vulcan cannon that fires 6,000 rounds a mimute,

stationed at the base, as are pilots for
system familiarization. Majority of the
mobile detachment was trained at the
Air Force school located at Republic's
Farmingdale plant. Republic also has
seven of its own technicians stationed
at Sevmour Johnson; one with each
squadron, plus additional specialists
backing up the consolidated aircraft
maintenance (CAM) squadron.

Pns’fﬂight and periodic inspections on
the I-105s initiallv were pulled every
25 and 50 hr. The Thunderchief now
has gone to 100 hr. periodicals, with
three special inspections pulled in be-
tween,  Some aircraft have flown 10
straight nghh with no mamtenance re-
quired going into the periodic.  Some
have made as many as 60 landings be-
forc a tire change. Engine t:hma_]u.
with four men, pr:.n.mﬂjr average about
one day's time.

The F-105, seven feet from the
grmm{l to the wing, with a “coke
bottle” shape, incorporates all hvdraulic
flight controls, similar to present-day op-
erational fighters.  Throttle embraces
standard mechanical hinkage (not an
clectronic brain). A fin scoop slot at
the base of the vertical stabilizer feeds
cooling ram air to the aft fuselage scc-
tion between the taill pipe and shroud.
With heating and acceleration, 800 1b,
of additional thrust 15 gained.

The Thunderchief utilizes both lead-
mg-cdge and trailing-edge Haps to  1n-
crease lift, Series of dampeners (stabil-
ity augmentation) give the airplane
optimum control, though it has been
demonstrated Hnrnughnut its Aight en-
u]n]}L without these aids. Spoilers on
the wings act for the aillerons at high
speeds.

Varable air inlet ducts allow an ex-
cess of air into the engine itself.
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Hydraulic pressure for the tandem
H1ght control actuators stems from two

engine-driven pumps, each with an in-
dependent reservoir.  Ram air turbine

provides a third power source for Hlﬂ'ht‘
controls. Should the d.c. generators he
lost, the battery will wuppl} enough
power to operate the aircraft’s entire
electrical load for four to foive hours.
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"Ceramo” wversalility has also solved a
kev problem of sub-zero temperature meas.
urement—condensation. Caused by wide
temperature differences between ambient
temperatures and the thermocouple meas-
| uring point, condensation can penetrate
thermocouple insulation and short out
conductors.

Overall Metal Sheathing of "Ceramo”
thermocouple wire completely encloses
conductors and ceramic insulation—shut-
ting out moisture effectively. Sheathing
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Thermo Electrie ...

SADDLE BROOK, NEW JERSEY

Solves Condensatlon Problems

Fal

- - ————

iteelf 15 stainless steel or other corrosion-
resistant material.,

Spring-Loaded Construction of T-E's
sub-zero [‘r]’l}hﬂ holds contact ]:rﬁilll ﬁrml_'l;
against thermowell end—counteracting
effects of expansion and contraction from
temperature changes.

Applications—Liquid oxygen, nitrogen,
ammonia and similar applications, Con-
ductors are either Copper-Constantan or
Chromel-Constantan for measuring tem-
peratures as low as —320° F,

Write for Bulletin 52-C

In Camada:

THERMO ELECTRIC (Camada) LTD.,
Brampton, Ont.

45



- - .
-._-.._.—.-*_ "—l‘ ""-L.rr-_

e
L .

- Wl
i ..l.'_-.‘l

--l-—ﬁ.-!ﬁ.-'l'l'l"l" (i g -:-i-.. - .....q_ |-| o
e Lo ﬁ,q{'ﬁ h"-g.:i-: A . e

w:*;ﬁﬂw " BT g s _-=.

ay -, i

LONGITUDINAL arrangement for rotor positioning was nsed for the first time in the USSR on the Yak-24. The helicopter’s navigational

equipment permits it to make flights at night and under difficult weather conditions.

Alexander Yakovlev, a major Russian air-
craft designer, detailed Soviet management
techniques for high priority F!'ngl'llill"'i anl
technical problems involved in designing the
Yak-24 hchu:picr i his recent book, “Tales
of an Aircraft Designer.” The following ex-
cerpts from the book provide an insight into
just how the Soviet Union runs a crash pro-
gram in technical arcas where it is lagging,
mcluding the firm deadlines and generous
'.'-'HFFH'TI' IIIT.IFIHL’EJ to ensure Success,

During the three decades of its ex-
istence, our design burcau has con-
cerned itself mainly with fighters and
training planes. Therefore, when news-
papers published the report that a
gigantic helicopter—a “flying railroad
car'—had been buwilt by our design
team, it caused surprise n aviation
circles both at home and abroad.

The historvy of the “flving railroad
car’s” development is somewhat un-
usual.

At the end of the summer of 1951,
I was summoned bv the govermment.
On arriving at the Kremlin, 1 met
Tupolev and llyushin there, and also
the helicopter designers Mil, Kamov
and Bratukhin, T was surprised at the
unusual combination of designers who
had been invited. Helicopters and air-
planes are such different craft and have
so little in common that helicopter
builders and airplane builders rarely

met together.
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But evervthing was cleared up as
soon as the conference began. 1t turned
out that thev had mvited us all to-
sether in order to get advice: How
could our countrv climinate its then-
cxisting lag in the field of large heb-
copter construction?

Actually, at that time we lagged be-
hind the Umted States of Amenca
this field. We were told that the design

forces working on helicopter construc-
Hon were insufficient: that this matter

The Yak-24 project was mitiated in 1952,

Soviet Management Techniques Detailed

must be dealt with seriously; and that
the government had decided to ask ex-
perienced design teams i the airplane
manufacturing held to engage n a
project that was somewhat unusual for
them—help to build large, multi-place
helicopters.

Mikhail Leontevich Mil, who had
been engaged in helicopter construction
tor manv vears, came forward at this
mu.hnrf mH] a prepared proposal based
on an alreadv-developed design for a

SINGLE-ROTOR helicopter developed in 1932 by the Zhukovsky Central Aero-Hydro-
dynamical Institute set a world altitude record of 605 meters (1,985 ft.). The Institute

provided important assistance for the Yak-24 project.
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| 2-place helicopter. As for us airplane
builders, the presentation of the prob-
lem was unexpected.

Andrer Nikolaevich Tupolev and
Serget Viadimirovich Ilyushin declared
tlnt in view of the enormous work
loads already being carnied by their
design  bureaus, and also because of
their complete lack of experience, thev
could not participate in helicopter con-
struction. When my turn came, [ said
that we, too, were loaded down with
work but that we had certain ideas
about helicopters. During recent vears
we had built two small experimental
helicopters. If we were given certain
assistance, we could consider develop-
ing a draft project for a large thr:n]}h.r
I asked permission to consult with my
co-workers and to give myv final answer
only after that. Thev gave us 24 hr.
to think it over.

After returning to my design bureau,
and without laving the matter aside for
even a minute since by now we had
less than 24 hr. remaining, 1 sent for
Nikolai Kinilllovich Skrzhinsky, who had
been working with autogvros for 30
vears; Peter Dmitrievich Samsonov, a
veteran in airplane building and a most
cxperienced engineer: Leon Mikhailo-
vich Shekhter; and Igor Aleksandrovich
Iirlikh, who was at one time the lead-
ing designer of our experimental heli-
copters,

Difficult Task

| explained the essence of the matter.
We pondered deeply. Everyone thought
the task was vague and “hcklish.” We
recalled the difficulties which were as-
sociated  with the building of large
helicopters in the United States and
England. Yes, and it was impossible
to take our own experience seriously,
Our work with small, experimental
craft was one thing—-buih:ling 4 gigantic
transport and cargo craft was quite an-
other matter. But, since the govem-
ment had made the request, and since
it is not so difficult to do things as it
appears,” we decided to undertake de-
velopment of a design for a 24-place,
twin-rotor helicopter. We estimated
and calculated that the designing might
be accomplished in a vear. Reaching
this conclusion, the meeting broke u

We were again called to the hrcmlm
the next afternoon. Among the de-
signers, only Mil was there. The affair
took a turn that was entirely unex-
pected for us, and for me, in particular.

It was suggested that we examine and
give our impressions regarding an
lll'L'ld‘l. prepared, government - formu-
lated project for building two heli-
copters.  Construction of a  single-
engine, single-rotor craft carrving 12
persons was handed over to Mil's design
burcau; and the twin-engine, twin-rotor
craft accommodating 24 persons was
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YAK-24 has carried a four metric ton payload to an altitude of 9,521 ft.
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Alexander Sergeyevich Yakovlev is an
aircraft designer-in-chief under the USSR

Minister of the Aviation Industry and a

Colonel General in the Engineering and |

Technical Service. With no formal tech-
nical education, he began his professional
career as a laborer at an airport and
studied aviation in his spare time, pri-
marily under the auspices of the Society
of the Friends of the Air Fleet, a Soviet

para-military organization. The first air- |

craft he designed was a biplane test-flown
in 1927, His design bureaun had three

major fighter designs flying in Warld |

War 1L Designs he oversees today
include light aircraft, helicopters, all-
weather fighters and ground attack air-
craft. Yakovlev has twice been awarded
the title of Hero of Socialist Labor. He
is a member of the Communist Party
and a deputy to the USSR Supreme
Soviet from the Kuybyshev District.
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You can hear the future tick

in the last silent seconds

of a Rocketdyne countdown
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Tnl'ﬂ:...THHF.F:...'I‘H'ITI...ﬂ!"ﬂ‘.... a moment of silence. Then a

ojant speaks

and a bolt of man-made lightning flashes,

Nearly every hour of every day. Rocketdyne technicians
near that dramatic moment as they test and tune the space
engines of today.

The best-equipped test facilities for high thrust rocket en-
aines in the nation are at their command. Rocketdyne’s finely
instrumented test structures are located in California’s Santa
Susana Mountains: Neosho, Missouri. and McGregor. Texas,

Rocketdyne engines have powered most of the military and
seientific projects conducted by the Air Force. Army, and
NASA. Now huge boosters of one and a half million pounds
of thrust are emerging from the technical heritage of Atlas,
Thor. Jupiter, and Redstone.

And even while today’s countdowns go on, plans for tomor-
row’s assault on space are being made. At Rocketdyne,
engineers and scientists are investigating such advanced
forms of propulsion as ion engines, nuclear engines, plasma
jets, and magnetohydrodynamic engines. Meanwhile other
eroups are at work on high-energy liquid and solid propel-
lants. and dramatic new devices for both liquid and solid
F'II_[]'E-IE_]I:"‘EIIIH ."-:';:';tf"I]'L"'.

Rocketdyne, a 12-year pioneer in rocket technology, was
first with power for America’s long-range ballistic missiles—

first with power for Outer Space.

MEGABOOM —a griant solid propellant rocket
motor produced at Rocketdyne’s MeGregor,
Texas, solid fuel facility—delivers 100,000
pounds of thrust, beosts test sled to 1,200 mph.

FIRST WITH POWER FOR QUTER SPACE

ROCKETDYNE IR

A DIVISION OF NORTH AMERICAN AVIATION, INC.

Canoga Park, California; Measho, Missour: McGragor, Texas




Think of the

Possibilities!
Where could you use the

As a starter, we've shown a few of the many proved
applications of the Fenwal Continuous Fire and Over-
Heat Detector. But you know your particular require-
ments best. So we'll deseribe this advanced protection
system . . . and you fill in the blanks below!

The simple, lightweight sensing tubing strings like
a elothesline . . . slips easily into the tightest spots on
a plane or missile. Ties into a light, no-moving-parts
control unit. And it's a discrete, non-averaging system
. .. every ineh a troubleshooler!

Separate lengths of tubing, each responsive to a
different temperature, can operate independently in
one control loop: in an engine nacelle, near a bleed air
duct, in a wheel well, in a “‘solid pack™ eargo compart-
ment, or wherever temperature hazards exist. And ils
low tmpedance protects against “moisture alarms™!

Get complele coverage with today's positive airborne
fire and over-heat protection. Talk your requirements
over with a Fenwal Sales Engineer. Write Fenwal
Incorporated, 1212 Pleasant Street, Ashland, Mass.

versatile Fenwal Continuous Fire and QOuver-Heat Detector?

Engine

;.._—__—_ I T

Hot Gas
Leak

Detection

Nacelle

Rugged “statie” sensing tubing and magnetic amplifier of
Fenwal Continuous Fire and Over-Heat Detector provide true
multi-point protection.

Bleed
Air
Duct

Cargo
Compartment

CONTROLS TEMPERATURE ... PRECISELY

entrusted to our bureau. The most dif-
ficult thing for us was that a period of
only one year was specified for design-
ing, building and testing both hel-
copters.

Just the day before, my assistants and
| had believed it impossible even to
preparc a design in less than a year.
And now we had been given a year to
do everything. It had seemed that it
would require no less than three-four
vears to solve such a complex design
problem. Mil and I tried to argue about
the time allotted, but it was explained
to us that since this project had been
neglected so much in the past, it was
impossible to wait any longer. We were
told that we would be given any help
we needed without restriction, but that
the proposed time limit of one vear was
final and not subject to discussion.
I"inally they persuaded NMil, and therc
wasn’'t anything else for me to do but
“resign myselt” to it

The next day the decree was signed.
The period of time specified scared
everyone who was faced with working
on the helicopter, and “well-wishers”
already predicted inevitable failure for
115.

Helicopters’ History

But before telling about how we
nevertheless succeeded in achieving our
task, and in order to make clear what
difficulties awaited us, it 15 necessary to
devote a few words to the history of the
hehcopter. . . .

Leonardo da Vinei frst had the idea
450 vears ago of building a helicopter—
a machine which rises into the air with
the help of a propeller turning n a
horizontal plane A sketch of Leonardo
da Vinci's design has been preserved,
and we can judge that his idea was
entirelv sensible.

In 1754, our great compatriot Mik-
haill Vasilevich Lomonosov, at a meet-
mg of the Academv of Sciences, re-
ported on his design for an “acrodv-
namic machine” to investigate the
upper levels of the atmosphere. Lomo-
nosov even produced a model of the
machine, which had propellers that
were tumed by a clock spring mech-
A1115111.

But a design or even a model 1s one
thing, and a flving helicopter 15 some-
thing else again.

Only at the beginning of our century
did man succeed in bemmg hfted into
the air by a rotary-wing apparatus, or
helicopter. Specifically, in Russia before
the 1914 war the aeronautical society
of Moscow’s Bauman Higher Technical
School built the first helicopter from
the design of student Boris Nikolaevich
Yunev, who later became an academi-
cian. But the war interrupted this work,
and it was only resumed after the
revolution.

In 1932, Prof. Alekser Mikhailovich
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Cheremukhin established a world alti-
tude record of 605 meters in a heh-
copter designed by the Zhukovsky
Central Aero-Hydrodynamical Institute.

(First recogmzed international helicopter
performance records were set in 1930 by the
Italian Fiat A-50 helicopter. No Russian
helicopter record claims were made to the
Federation Aeronautique Internationale dur-
ing the 1930s. First helicopter with satis-
factorv stability and control charactenistics
generally is credited to Igor Sikorsky in 1941,

Fid.)

During the thirties and fortics, very
persevering work on  helicopters  was
done in the Umted States by designers
Sikorsky (who was Russian by birth)
and Piasecki, and in England bv the
Bristol firm, where helicopter designing
was directed by the well-known Aus-
trian specialist Hafner, who entered the
service of the British after the second
Waorld War.

The first big successes were then

achieved by Sikorskv, who built a num-

ber of small, single-rotor helicopters.
Some of these were accepted for equip-
ping the American Army and took part
m the Korean War,

Piasecki’'s work was also successful.
He built helicopters of medium hitting
capacity. His “workhorse” helicopter
found wide use in the Umted States
airborne forces.

The British had less luck with heb-
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ARTHUR A. NICHOLS

Execellent high altitude
performance from
GEROTOR pumps ...

b Engineers concerned with the pump-
ing of various aviation fluids know
well the difficulties of getting good
performance at high altitudes where
low inlet pressures are encountered.

Pumps which work well at low alti-

tudes frequently 1un into trouble
when thev encounter the rapid pres-
sure changes, shock and turbulence
which promote foaming and lowered
efficiency at high altitudes.
b Gerotor pumps are efficient at high
altitudes and therefore are frequently
specified for his service. A specialized
form of internal gear pump. the
Gerotor has an inner toothed element
and meshing outer toothed element.
The inner Gerotor has one less tooth
than the outer and the missing tooth
space forms a chamber for transport-
ing the fluid from the inlet to the out-
let port. (see Figure 1).

The relative mo-
tion between the
inner and outer
Gerotor teeth
causes the oil
chamber to be var-
iable — slowly
opening to max-
imum as it passes
the inlet port -
slowly closing as it passes the outlet
(See Figure 2). This makes for a
steady relatively pulseless flow - re-
gardless of outside pressure changes.
Thus, turbu-
lence is min-
imized and
foaming is
avoided, effi-
cient pumping
being main-
tained at all
altitudes,

p Gerotor

INTAKE CYCLE
pumps are
simple and

E @ compact in de-

DISCHARGE CYCLE sign, valveless
FIG, 2 and have high
volumetrie efficiency due to the fluid-
tight engagement of the Gerotors
which maintain high suction at high
pressure. Further, this continuous con-
tact pressure is maintained for life be-
causeé of the hunting tooth principle.

p Jet engine lubrication and scavenge
serviee are common Gerotor pump
applications. In addition they are fre-
quently specified for helicopter trans-
missions and pumping of coolants for
electronie equipment in aireraft and
ruided missiles.

b Technical data—is available and your
ingquiry is invited. Wirite:

W. H. NICHOLS CO.

48 Woerd Avenue, Waltham 54, Massachusetis

al



Kinetics design shrinks missile
switch from 50 |b to 7 |b

As shown in this bottom
view, the actual switch is
much smaller than the
bracket. Kineties can put
a 200-pole, double-throw
switch in less than 200
cubiec inches.

The original main power changeover
switch in the Atlas missile that
switched from ground supply to inter-
nal electrical supply just prior to
launch weighed 50 lb., Now, thanks to
the design ingenuity of Convair-
Astronautics engineers who cut the
number of circuits from 32 to 20 and
to Kinetics Corporation engineers who
provided a new design concept, the
switch and bracket assembly weighs
only 7 lb. Since a pound of savings in
the missile-borne weight adds about a
mile to the missile’s range, this saving
is truly spectacular!

The new Kineties motor-driven
switch is more rugged and reliable
than previous designs and is impervi-
ous to shock and wvibration. A typical
Kineties switch exhibits no contact
chatter over the whole vibration spec-
trum, from 5 to 2000 cycles, 40 G's. The

voltage drop across typical switch con-
tacts is less than 10 millivolts at 22 amp.

The high-density design results in
many circuits per cubic inch, saving
space. There are no permanent magnets
or springs, no latching devices. This is
truly a motor-driven switch using no
elements of relays. The switch can be
transferred at 40 G's, 2000 cycles. Once
it's transferred, no power is required to
hold it in position, saving batteries.
Write or phone for more information
on how this switch can be adapted to
yvour requirements, Kinetics Corpora-
tion, Dept. K-14, 410 S, Cedros Avenue,
Solana Beach, Calif. SKvyline 5-118L

KINETICS

cC OR P ORATION

I

ELECTRONICS - ELECTROMECHANICS

copters. Hafner worked very long and
agonizingly to perfect the Bristal craft,
but he was unable to achieve reliability
in flight or to see his machine go into
mass production. The Brntish were
forced to buv 1m America a hicense to
build the Sikorsky helicopter.

(The Bristol Sveamore helicopter for
which Hafner was the principal designer was
under development during the late 19405
and had entered service in substantial num-
bers by 1952, Bristol also sold the Sveamore

abroad. Production of Sikorsky J‘ltlitnprﬂn
111 anhnd was begun by Westland in

1947—Ed.

At the beginning of the nineteen
fifties, all known American and British
helicopters had comparatively small lift-
ing capacity—a limit of one metrc ton,
Only the Piasecki firm widelv advertised
its projected two- to three-ton YH-16
helicopter.  However, great mistortune
befell designer Piasecki. The craft was
under construction for a very long time,
and its designer could not cope with
the vibration which developed even
during flights and while hovenng at
low altitude. After eight vears of per-
sistent work, YH-16s were readied for
flight tests. But it was an unlucky
craft: in 1955, on its 21st fight, it fell
to pieces in the air; and 1its entire crew
of five men perished in its wreckage.

(Piasecki YH-16A crashed in 1955, kill-
mg its two crewmen, The tandem rotor ma-
chine had been under development for seven
vears before it made its Arst flight in 1953
and Piasecki built two versions—the YH-16
with two piston engines and the YH-16A
with turbine engines. The two helicopters
made 66 flights out of ground eftect before
the YH-16 crashed. Accident was traced to
failure of a bearing in flight test equipment.
Company engineers m: rmhm that cxcessive

vibration had been elimmated and was not
a contributing cause of the crash.—Ed.)

Vibration Problems

Piasecki fought unsuccessfully for
MANY vears ulﬂt vibration in the YH-16
I1:_I|cn]:-tu and Hafner spent many
years 1n trving to cure vibration in the
Bristol-173 ‘\flhr.thf.m was the most
dreadful and difhcult-to-cure  malady
of all helicopters. We also were con-
vinced of this as soon as our helicopter
was designed and built and began its
flight tests at the airport.

(While no helicopter has ever been com-
pletely free of vibration, company engineers
report that there has been no senous diffi-
cultv with the Bristol 173 since it went into
service with the Roval Air Force more than
W vears :i!.qn.—--f':['l.'-

During the cntire existence of our
design bureau, the main objective of
the workers was speed and more speed.
FFrom aircraft to aircraft and from vear
to year we strove to give our planes
greater and greater speed. But for heli-
[L‘.ll}t{.*l“-. on the :*le.:r hand, the main
thing 15 not speed but the ability to
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hover motionless in the air and to have
2ET0 ‘-.I::r_uI lifting a large load vertically
from a given HI]HI’

We settled on an original helicopter
cesign—one which was t’{: be used for
the ﬁr-}lf time 1n our country: a dual-
rotor craft with longitudinal ]_ml‘w.-ltmn‘n'!gJ
of the rotors along tlu, helicopter’s axis.
This arrangeme nt, as was later con-
Airmed, had advantages as compared
with a single-rotor design: such a hel-
copter 15 more stable; 1t lifts a larger
load: and, above all, its cargo cabim 1s
(wice as spacious. thus permitting loads
of greater dimension to be lifted.

We had no experience at all with
regard to the chosen design. Therefore,
we had to start every thmﬂ from the very
hL‘gummg We were forced to make a
Llrgt number of the maost intensive n-
vestigations and had to solve difhcult
scientific and research problems with
the help of scientists in the Zhukovsky
Central Aero-Hvdrodvnamical Institute
and the Baranov Central Scientific-Re-
search Institute for Aircraft Engines.
['he most qualified people were brought
together. The combination of design-
mg experience with deep HLlLlltlﬁi_ -Te-
'-.LJTL'“}I analvsis enabled us to avoid hig
errors both in the over-all design and in
developing individual components. But
when  the hL]LLn]}hr was  built and
started its tests—checking of all the svs-
tems and all the m:rLuw parts—it was
demonstrated that every problem 1n
such a comphcated machmme could not
he forescen by theoretical means. Manv
new problems arose—for example those
connected with cooling. A flving air-
phm 15 {x]]mu! to a hli:!.'l.jnﬂ stream of
air, and the engine 1s mlunn:.h cooled,
But here we had to make a helicopter
hover for a long time in one place while
carrving a full 1[11{1 S0 1t wis necessary
ke ]:!rmn:]t forced L[mllng for the {'nﬂlﬂﬂ

But the main difficulty, which pro-
vided us with a heap of trouble, was
vibration.

The Ministry of the Aviation Indus-
trv devoted much attention to the hel-
copter projects—ours and Mil's, Broad
cooperation was mgmiftd among the
various factorics. The Ministry gave the
“green light™ for nmm1ﬂtch1rmg heli-
copter parts at other aviation industry
plants. The work progressed swiftly.

Four copies of the helicopter were
built at once. The first copv was for
testing static strength in the laboratory,
The second was for checking dvnamic
strength at the airport—that 1s, for
checking the resource (service life) when
the engines and rotors are operating and
the helicopter is in am]}{_ﬂamn On TOPES.

The third and fourth copies were for
flving—in factorv and government tests.

PHHITHL results 1n |'¢.Ht1:|1‘-" one of the
four copies by no means precluded
troubles in tutmg anv of the others.
I'or example, the frst copv, which was
intended tor static tests, can—as was the
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Gyrodyne Company, Long Island, developed the
“Rotorcycle™ for Navy and Marine Corps use

STRUCTURAL

ALCOA CASTING
HELPS KEEP NEW
GYRODYNE HELICOPTER
ON DUTY
1,000 HOURS PLUS!

case with us—successfully pass all the
tests put to it. But the second copy—
for dymamic testing—can be tested,
worked over and refined for several
vears. The Bribsh and Amencan ex-
perience spoke eloguently to us about
that.

Besides the tests I have enumerated
and which were conducted at our plant,
some parts of the craft were checked al
other factornies and mstitutes,

For example, the rotor head—a vital
unit—was tested at the motor plant
where it was manufactured. The blades
were tested for vibration stability at the
Zhukovsky Central Aero-Hvdrodynami-
cal Institute, where they were given 10
million oscillations in order to be sure
of their reliabilitv, The entire motor
aroup, with the engine feed system and
the cooling, was tested at the Baranoy
Central Scentific-Research Institute
for Aircraft Engines. All of these tests
were carried out satisfactorily, on the
whole, and in the allotted period of
time.

The main dificulties began in the
prototype craft. From the very hrst
hours that the engines and rotors op-
erated, the craft started to shake. First,
it shook at certain rates of revolutions,
then at others; and the shaking was un-
manageable. You eliminate it in one
place and it suddenly appears in an-
other. And so it went on without end
like in the storv: "You pull out the
nose, and the tail goes in; vou pull out
the tail, and the nose goes in.” Tron-
like endurance and persistence were re-
quired for us all. But these joltings
were nothing by comparison with what
awaited us in the future.

Service Tests

[t was necessary to conduct 300-hr,
service tests in order to check on the
reliability of all the helicopter’s parts
prior to tied-down flight. We tried to
put the prescribed 300 hir. on the proto-
tvpe craft as fast as possible. The agon-
izing aspect of these tests was that in
case of breakdown by anv part, regard-
less of what hour of operation it oc-
curred, 1t was necessary to start the en-
tire test from the beginning—from zero.
Thus, with every additional hour of the

sible to save anvthing. The cause 1s un-
known.”

“How are the personnel?”

“Nobodv has been hurt.”

[ quickly drove out to the airport.
A sad picture appeared before my eyes.
There was a pile of burnt wreckage
and mangled blades scattered around
the arca. Nothing more was left of
the machine, It had run up a total of
178 hr. It was necessary to start every-
thing from the beginning.

An accident commission consisting
of the most prominent specialists, and
with us participating, finally determined
the cause of the misfertune. It turned
out that fastening units on the frame
of the rear engine had failed due to
fatipue stress. The rear engine and
reduction gear, along with the rotor,
fell forward, and the blades began to
chop up the entire craft. Gasoline
from broken gas tanks gushed onto the
hot engine, and hre broke out.

All of us were in low spirits then: we
had to start evervthing from scratch!

| consoled my assistants by saying
that at least it was fortunate that the
cause of the accident had been deter-
mined. Necessary measures would be
taken which would mean there would
be no repetition of the trouble in the
future. In addition, evervthing which
had already been studied up to the
178-hr. mark didn’t go to waste cither.
I“inally, that's what service tests are for

Thank You, Again...

WILLIAM SERVEN
256 N. ROOSEVELT AVE.
WICHITA, RaM.
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THE AIRLINES OF THE WORLD”

HAVE ON ORDER

MORE EDO LORAN

EQUIPMENT

» THAN ALL OTHER

LONG RANGE NAVIGATION SYSTEMS COMBINED

217, o date—Aerolineas Argentinas

Gyrodyne Company, Long Island, called on Alcoa to
help with a vital aluminum transmission housing for
the coaxial-type rotor system of this compact, rotary-
wing aircraft. The Alcoa team selected a high-
strength aluminum alloy and developed a composite
mold (plaster and sand) for the casting. An Alcoa-
developed chilling technique insured high strength
in critical areas. The result? A transmission housing
that gives better than 1,000 hours of service.

Critical nature of this part called for mechanical
properties to meet Class I specs of MIL-C-21180. ..
requiring 38,000 psi tensile, 28,000 psi vield and 5
per cent elongation. The casting also had to be pared
to bantam weight.

Other aluminum castings for the “Rotorcycle”

include sump covers with cast-in slots requiring a
+0.010-1n. tolerance with a 125-rms finish. Design
suggestions by Alcoa have trimmed several hours off
Gyrodyne’s parts assembly time.,

The unmatched capabilities and experience of
Alcoa are at vour disposal for unusual as well as
standard applications of aluminum. To put them to
work, call yvour nearest Alcoa sales office or write:
Aluminum Company of America, 2026-M Alcoa
Building, Pittsburgh 19, Pa.

Your Guide fo the Best
' ALcoA (3

m Aluminum Value
ﬁ ALUMINUM

Air France » BOAC

Canadian Pacific Airlines * Cubana
Eastern Air Lines ® Irish Air Lines
Japan Air Lines » KLM

Lufthansa * Northwest

Pain American

(Qantas * Sabena ® SAS

Swissair * Varig

system’s operation, we rejoiced on the
one hand while, on the other, ever-
greater anxiety arose within us: will
somcthing suddenly break?

After 150 hr. were run off, we were
able to cope with the craft’s shaking
and vibration. We waited with trepida- also nsed by MATS
tion the results of each new hour of op- ' Complies with FAA TSO 060
eration which brought the tests to the |
sacred hgure *300.™ Alreadv conhdence
had built up that evervthing would be |
all right, Then, suddenly one day an

send for Technical Manual to Dept. 13C.
agitated voice came over the telephone
from the airport:

-
CORPORATION
College Point, Long Island, New York
For exciting drama watch “Alcoa Presents” every ”Hig trouble! The craft has been

Tuesday, ABC-TV, and the Emmy Award winning - i T . .
“Alcoa Theatre” alternate Mondays, NBC-TV demolished and 1s on fre. It's impos- | In Canada: Edo (Canada) Ltd., Cornwall, Ontario

& 5 ¥ @ # @& ® @ @

For complete data on Edo Model 345 Loran,
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TO FIT YOUR NEED

This curved Silicone glass panel 1s used on the Convair B-58 jet bomber.

Need glass that's stronger than some metals? Lighter than aluminum?
Sensitive (or imnsensitive) to light, heat or electricity? Corrosion resistant,
nonabsorbent. or low in contraction or expansion? These are among the
many glass characteristics L*O-F has provided for aircraft design and safety
requirements.

And as one of the world’s major producers of glass, we can supply you
with “grid photo-tested”, top-quality glass at reasonable prices.

Aircraft Division, Dept. 73129, Libbey-Owens'Ford (lass Company,
608 Madison Avenue, Toledo 3, Ohio.

LIBBEY:OWENS :FORD... e Great Name in Glass

608 MADISON AVENUE, TOLEDO 3, OHIO

—to reveal such defects in  time.

But consolations are only consola-
tions. And I myself was L"-.EL'-r:-:imcr]‘n.
dejected.  There was nothing to 1;1u
but start the tests with redoubled en-
ergy, especially since we had already
"'.'I]L[]'rHLE] the first flving copy of the

helicopter tor Hight.
Aside from the flight Cngineers, me-

chamics and radio [JIE]LI]"'{HH, a flight
test crew was named consisting of test
pilots Sergel Georgigvich Brovtsev and
F.gzor Filippovich Milvatichey.

Brovtsev had a reputation as a ven
experienced helicopter test pilot.  Mil-
vutichev, who was voung and capable,
had only just begun testing work. But
the Brovtsev-Milyutichey combination
was, as it turned out later, an excep-
tionally fortunate one.

First Flight

After the very hrst timid flights 1n
the helicopter, both Brovtsey .Iml Mil-
vatichev spoke well of the craft. But
these were still small jumps, flights and
hoverings at an altitude of 5 to 10
meters above the ground. The pilots
tested the machine carefully, trving
thoroughly to get its feel.

The helicopter’s leading  designers
were always present lelug such tests.
| discussed all the test resalts in detail
with the plots and other designers,
We worked very carctully.

Hundreds of small flights lasting
several minutes each and at reduced
engine power had been made when
Brovtsev at last announced that a real
test flight could be attempted.  And
we, after discussing all of the previous
flight results, decided that such a flight
mig]ﬂ he made.

When Brovtsev and Milvutichey had
taken their seats in the cockpit and pre-
pared for flight, thev gave the craft
full throttle I[rr the frst time. The
motors roared powerfullyv; and  the
rotors, t]mm-ins_; out a hurmcane stream
of air, lifted the craft off the ground.
It Aew the way it should, ste: I:LII]"-. gained
altitude and Hl}ﬂ.fl forward.  All those
present at this huge machine's frst
flight were numb with rapture.

All of os—designers, workers and
pilots—had labored over the helicopter
for a long time and knew that it would
finally fly. But when it actually did fiy
our jov knew no bounds.

After 10-15 min. of flight, the pilots
landed safely. We shook their hands
and could not do without the tradi-
tional bottle of champagne.

However, both of the pilots soon be-
came vaguely disturbed and began to
talk uncertamly about the appearance
of a kind of “mild shaking”™ in one con-
dition of flight. Special, sensitive, vi-
bration-recording equipment  was  in-
stalled mn the helicopter.  Actually, 1
turned out that, in several conditions
of fight, there was not a “mild shak-

AVIATION WEEK, December 28, 1959

Yak-24 Design Details

Several versions of the Yak-24 helicopter have been built, and the aircraft is still
being improved. Yakovlev explained a number of the main features of this design
development to Ralph Alex, head of component design at the Sikorsky Aircraft
Division of United Aircraft Corp., when Alex visited the Soviet Union as president
of the International Helicopter Commission of the Federation Acromautique Inter-
nationale and attended the 5Znd general conference of the FAI in Moscow.

Yakovlev's discussion of the Yak-24 and Alex's first-hand observations indicate
that the design was initiated by borrowing two of the 65-ft. rotors, the rotor hubs
and two 1,750 hp. Ivchenko engines and their transmissions from the Mil-4 heli-
copter in order to make rapid development program possible.  Originally, the
Yak-24 fuselage was made of welded steel tube construction and covered with fabric.
The latest version has an aluminum fuselage with a new 75-ft.-dia. rotor with the
blades made by attaching sheet metal pocket sections to a steel tube spar that forms

the leading Ldﬂu

--h-l

The earlier dl.mgu. which is now operational, vses rotor blades having a round
steel tube spar with built-up sheet metal airfoil sections around them. Mam pur-
pose of the new design changes is to increase the short hanl capacity of the mrcratt.

In the civil version, the goal is to carry 40 airline passengers.
Yak-24 is considered an all-weather helicopter and is equipped with windshield

and blade de-icing, radar altimeter, UHF
tional fight instruments and a red-lighted instrument panel. The automatic stabi-
lization requirement, which is standard, is an adaptation of an aircraft system and
does not function below a forward speed of 40 or 50 kt. Development of a new
system which will operate during the hover is planned. De-icing unit of the
Yak-24 is electrical, in contrast with the alcohol system used on earlier Sowiet
helicopters which did not prove satisfactory. Cruising speed is placarded at 126
mph., and the maximum speed at 157 mph. on the Yak-24 inspected by Alex.
Single point suspension is provided for loads carried externally, and trucks up to
five tons have been flown. A rear loading
ated. Maximum allowable center of gravity travel is 40 in.

Alex said that all important features of the Yak-24 were designed primarily for I
easy maintenance and long life. The rotor hub is oil-labricated and sealed. The
flapping hinge is located near the hub centerline; the drag hinge ontboard another
eight inches or so. The blade moments are taken out by two radial ball-beanngs
outside of the drag hinge, and the centrifugal loads are carried by a one-ball thrust
bearing. All gear and accessory mountings on the Ivchenko engines, which resemble
the Wright R-1520, were heavier than usual by U, 5. standards. The K ussimns
explained this by saying that ngidity in gear and accessory mountings were the
most important factor in good component life. Aeroflot ofhcials also indicated

radio, eclectric artificial horizon, naviga-

mamp for mternal loads is POWEL Oper-

that no new equipment was considered ready tor service until it had a 1,000 hr. life.

ing,” as the pilots delicately expressed
themselves in an apparent effort not to
worry the designers. but a very real and
mtolerable ]nltm“ which caused dan-
oerous vibration of the structure.

For five months we searched for wavys
to eliminate this shaking—hve months
of intensive studies and calculations.
There were tens of experimental flights,
and all without result.

Here 1t 15 necessany to L’.:.'L"'J in mind
one of the differences between a heh-
copter and an airplane. With an air-
plane, moving and turming parts oper-
ate only in the engine, and all of the
vibrations which develop are absorbed
bv special shock absorbing devices. But,
with a helicopter, any thm" can be the
source of vibration! One engine shakes:
the other engine shakes: the reducer
shakes; the svnchronous connecting
transmission between the rotors *-.]I._tLL'-.
A verv great amount of time was re-
quired to discover the primary source of
the vibration. The several months we
spent hghting the helicopter’s vibra-
hons drove us to a state of semi-stupe-

faction, desperation and even hopeless-
ness. We began to lose faith ‘that we
would ever succeed in eliminating the
vibration since it appeared unexpectedly
in varions places. It got to the point
where, mstead of calling grectings when
we met i the nmrning, we shounted at
cach other: “How is it going—still shak-
me?

Tty shaking; it's shaking!”

“When will this damned shaking
stop?”

The Zhukovsky Central Aero-Hvdro-
dynamical Institute and other scientific-
rescarch imstitutes, under the direction
of Deputy Minister §. N, Shishkin, who
led the rehnement work on the helicop-
ter, gave us good assistance from the
VETY !]L”I:Itl'l]]l’ And then, at myv re-
quest, T "ulnLnL*an chicf of the
LZhukovsky Central ."n.m-[I}'flrmh'n:m]-
ical Institute, gathered together everv-
one who might be useful in order to
chiscuss with all of them the entire range
of problems associated with vibration.
This was a curions meeting.  In their
statements, Makarevsky, w |1n wias hime-
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CANADAIR'S

ALL
NEW
ALL
CARGO
“FORTY

FOUR™

S0ARS
SKYWARD

FIRST IN FLIGHT, FIRST IN PRODUCTION, FIRST FOR DELIVERY—
THAT’S THE SUCCESS STORY OF CANADAIR'S NEW CARGOPLANE

THERE ARE NO IFS, ANDS OR BUTS
ABOUT THIS CARGOPLANE! It is here.
It 1s built for use now. Its first flight
marked a giant step forward in its
development program. The next step
will be its FAA type certification,
and then the all-new Canadair Forty
Four will go into regular air cargo
service with The Flying Tiger Line,
Seaboard & Western Airlines and the
Royal Canadian Air Force.
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THE RIGHT SIZE AT THE RIGHT
TIME. The present payload capacity
of the “Forty Four” i1s ideally matched
to the forecasted cargo requirements
of the 1960’s. It 1s in the '60’s that the
development rate of air freight will
climb sharply toward the major
breakthrough in air cargo traffic. The
Canadair Forty Four is the right
size for highly profitable operations
during this rising development period.

CANADAIR

LIMITED, MONTREAL, CAMADIAN SUBSIDIARY OF
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Canadalr Forty Four, phatographed in flight November 15, 1959

CENERAL DYNAMICS CORPORATION

59



DESIGNER Mikhail Mil was assigned the project for the single-rotor Mi-4 at the same time
Yakovlev was ordered to build the twin-rotor Yak-24. Civilian version of the Mi-4 with
Acroflot markings is shown here on a survey mission.

self a prominent specialist m the air-
craft structures strength field; the chief
of the strength and vibration labora-
tory 1. V. Anamiev; scientific workers
B. P. Zherebtsov and L. 5. Vil'dgrube,
and several others persistently and stub-
bornly Hm:ght the shortest path toward
overcoming the ]‘IE.'IU]-]‘HLT*- dangerous
and difficult “illness.”

But there were also some scientists
who took the opposite road in their
analyses, Thev directed their scientific
crudition and techmical knowledge in
scarch of more convincing proof that
the vibration was mevitable and that,
general, we were fighting an incurable
disease.

One of them, an estimable doctor of
technical sciences with a verv typical
appearance—just like in the motion pic-
tures—brought with him previously-pre-
pared diagrams and, making adroit use
of scientific terminology, formulae and
figures, proved that we “would not climi-
nate the vibration since it was an in-

herent defect in this helicopter design.

Proposed Solutions

Manv and varied hypotheses and sug-
sestions were advanced on what had
to be done and how to “treat” the al-
ing helicopter. Some suggested that the
helicopter be made longer, others that
it should be shortened. A third group
]}I‘Upﬂﬂ:lﬂ building a fusclage of new de-
sign. Still a fourth body of opinion be-
]m{‘d that no matter what was done,
it wouldn't work. To bolster their
stand they advanced this argument:

“The Americans couldn’t get nid of
vibration in the YH-16. Hafner couldn’t
do anvthing with the Bristol-173’s vi-
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hration., Arc vou the smartest one of
4?7 Don’t waste vour time for noth-
mg.”

But we didn't waste our time for
nothing.

If we had lost our nerve and had be-
lieved blindly in theory without check-
ing it bv experiments, and if we had
not analvzed the conclusions of seien-
tists in the light of engineering experi-
ence, 1t 15 IJUF-:-E-;H}]L' that our hclicopter
wouldn’t have been in existence cven
todav, But, bolstered by faith i our
own experience, and leaning on the sup-
port of such scientists as Ananiev, Vil'-
dgrube and Zherebtsov, we Anally found
the correct engincering solntion. And
here is how it came about;

Vibration Source

[n torturimg mysclf and beating my
brains over unt what the source or in-
ducer of this vibration was, 1 came to
the conclusion that it was nccessary to
trv to cope with the vibration through
the HEI].cII'r]i'L" clements.

[ sav “torturing mvselt” becaunse this
really was torture, Neither during the
::thmc nor at night, neither i the
theater nor when 1 was out for a walk,
not even at dinner did thoughts about
the accursed vibration leave mv head.

Occasionallv you got distracted a lit-
tle, but suddenly a ﬂmugh about the
vibration would permeate  vour whole
being, and vou would literally break into
a sweat from a feeling of impotence,
from sensing some insurmountable ob-
stacle that was confronting us, And
then, on one occasion, a thought came
to me that of all the possible sources
of vibration, the main one, and the

most malicious, was the blades. There
are four such blades on each of the
helicopter’s  rotors—a  total of Light
Thev all turn at enormous speed, :
companied by the emergence of very
complex mechanical and m.m{l_unuuc
phenomena,

Blades Shortened

And what would happen if we
changed the vibration characteristic of
the blades? In order to convince my-
self whether the vibrabion came trom
the blades, I suggested that we try cut-
ting off half a meter from each blade
nnd see how this would affect vibration
in the whole structure.

Again we all met together—Skrzhin-
sky, Erlikh and others. We discussed
the proposal from all angles and de-
cided that we had nothing to lose,

In two weeks, blades that had been
shortened by 30 centimeters  were
mounted on the craft. Evervone waited:
What would happen? The engines were
started; the blades turned; the pilots
were in the cockpit; Brovtsev made the
signal “everything ok.,” and the craft
spared upward.

Brovtsev and Milvutichey remained
i the air for 20 min, We didn’t know
how the helicopter had performed, but
judging from the smiling, pleased faces
of the pilots as they hovered above us
and slowly Jppmuhud the ground, we
realized that there had hw.n SOMC TC-
sults.

\What general Lit:liglll there was when

Brovtsev and Milvutichev declared posi-
tivelv, firmlv and in unison that, dur-
ing the 20 min., thev had tested all
rotor operation regimes and all flight
regimes, and that no traces of the shak-
ing remained, It was one of those pleas-
ant surprises which, in designing work,
sometimes fortunately confirm the ad-
vantage of common-sense cngineering
over |1|1|Tcm}phwnw and scientific schol-
asticism. To be sure, in the course of
subsequent  tests, a large number of
different defects were turned up and
eliminated. But the main one was vi-
bration, and we had put an end to it.

The helicopter was presented for gov-
ernment tests at the beginning of the
winter of 19353, It would have secemed
that evervthing would now be in order.
But fate had prepared vet another blow
for us. The military pilots weren't even
able to make 10 flights under the gov-
crnment test |}mgr.m1 before there was
an accident. During one of the tests
at full engine power, with the craft
tied down and only a mechame in the
cockpit, onc of the tie-down cables
broke, then another, a third and
fourth. The craft shot upward. The me-
chanic, being unable to control the
I]Ehmpt{,r did the only thing he could,
quickly cutting the throttle. The heli-
copter, being unable to rise more than
six-ecight meters, turned over on one
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U.S. NAVY

LAUNCHES NEW

STRIKING POWER

TEMIECO

New and deadly weapon for the Navy's arsenal is

Corvus, a boost glide missile under development by Temco's
Missiles & Aircraft Division. Corvus will be launched from
carrier-based aircraft and will give the Navy superior striking
power in attacking heavily defended areas, shore

installations and surface ships.

Temco i1s weapon system manager for Corvus and as leader of
an industrial team of major subcontractors is responsible

for procuring all components, support equipment and services,

A test version of Corvus has been successfully

air-launched at the Pacific Missile range. . putting this supersonic
missile a big step closer to fleet operation.

Many excellent engineering and scientific positions are now
open in this and other Temco programs. We invite your inquiry,

MISSILES & AIRCRAFT

A Division of TEMCO AIRCRAFT CORPORATION + P. O. Box 6197 « Dallas 22, Texas

ELECTRONICS DIVISION | OVERHAUL & AEROSYSTEMS DIviSION INDUSTRIAL DIVISION | FENSKE, FEDRICK & MILLER, INC » SUBSIDIARY |




CONSTANT SPEED
DRIVES

SUNDYNE PUMPS

L, CONTROLLED-
1‘“‘: SPEED MOTORS

N (Variable and fixed displacement)

HIGH-TEMPERATURE
MOTORS (to s00° )

SUNDSTRAND AVIATION

DIVISION OF SUNDSTRAND CORPORATION

SUNDSTRAND

ROCHKFORD, ILLINOGIS

District Offices in: Arlington, Texos; Hawthorne, California; Rockford, lllingis;

Dayton, Ohio; Seatile, Washington; Stamford, Connecticut; Washington, D. C.

components...
systems...

systems
mManagement

Sundstrand has delivered 27,000
constant speed accessory drives
in support of 39 major aircraft and
missile programs. Over 7,000,000
drive flight hours prove their de-
pendability. Sundstrand’s con-
stant speed a-c generator drive
systems provide dependable 400-
cycle a-c power in ranges from 15
to 120 kva . . . frequency control
down to £.025% ... load division
between paralleled machines.

Sundstrand jet engine starters,
using solid propellant cartridges,
cross bleed air, or low-pressure
ground cart air provide maximum

dependability and adaptability.

SUNDYNE pumps for water injec-
tion applications are built to
operate for 1500 hours between
overhauls ... feature negligible
temperature rise during dry opera-
tion, promoting high reliability and
long life.

Sundstrand aircraft hydraulic
motors . . . variable and fixed dis-

placement . . . conventional and
high temperature . . . provide high
efficiency and reliability with mini-
mum space and weight.

sundstrand controlled-speed hy-
draulic motors offer efficient, low-
cost power...1to 15 kva... for
aircraft and missile applications.

side and crashed to the ground. The
altitude was low, so there were no cas-
ualties. But the craft was put com-
pletelv out of commssion.

It was terrible. The mishaps had a
dispiriting effect and even tempted
some weak-hearted engimecrs to qut
the helicopter project. Fortunately, the
main engineering core—Skrzhinsky, _I’.r-
likh, Bemov, Ogarkov and Bryvhin—
didn’t budge.

We had a second flving copy of the
hehicopter, and we turned it over for
continuation of the government tests,
after frst strengthening the tie-down
“ables.

But the test on our nerves wasn't
over even after we had presented the
rraft to the Scientific-Research Insti-
tute. Mavbe it was because we had
spent so much time on the vibration
problem, or because the prototype ma-
chine had been demolished and burned,
and the first Aving copv had crashed
a'ter breaking loose from the cables. At
anv rate. the Scientific-Research Inshi-
fute at first showed a distrustful ath-
tude toward the helicopter.

The first months of its tests at the
Scientific-Research Institute were a con-
Hnuous nerve stramm for us. This was so
besause  Scientific-Rescarch  Institute
nersonnel demanded that we take the
helicopter back for reinement of every
little detail and everv defect thev
tound, even though, as a rule, such
faults inevitably accompany the test-
ing of anv new machine.

Thus., a dectsion on the main and
fundamental ]:rr{Jhh’:t‘ll—L'r;lhmtifm of the
helicopter as a piece of engineered
equipment built to pertorm a dehnite
mission—was  delaved. SL"'L'EI_’H] maonths
passed, and only 15 or 20 Hights were
made.

And then one dav new aviation equip-
ment, including our helicopter, was
shown to the heads of the Ministrv of
Defense at an airport near Maoscow. It
was verv cold. The generals gathered
together. They examined the lineup of
hizhters and bombers that was on dis-
plav, and fnally the whole party ap-
proached the helicopter. Evervone eag-
erlv climbed into its huge cabin to
cscape from the piercing wind. About
20 people gathered in the cabin.

The marshal, turning to the air force
commander, asked:

“Well, how’s the helicopter? How
are the tests going?”

“Well, thev aren’t flving it as much
is they are tinkering with it . . . The
craft is green—it hasn't been refined.
"he designer still has to do a lot of
work on it the list of defects. . . . ctc,,
ete.”

The marshal mterrupted him:

“Stop indulging in  burcaucratism,
\We don't need anv list of defects. Any
machine can be drowned in a hst of its
[aults, We need the helicopter! Keep
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TWIN-ROTOR Omega designed

by L. P. Bratukhin was develo
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sed in 1939.40. Tt had “good

flying performance which qualitatively excelled that shown by previous helicopters.”

this in mind. The craft is cither suitable
or it isn't—that’s the important thing
to determine. And as regards climinat-
ing defects, come to some understand-
ing with the designer. Remember that
this is new technology, something we're
not used to.”

Tests Are Completed

As a result, in from one and one-half
to two months, the helicopter's tests
were completed. Dunng this pL‘l'iﬂLL
several times as many flights were made
as in all the previous hime. Co-workers
in the Scientific-Research Institute, test
pilots S. G. Brovtsev, P. ]. Shishov, V.
[. Kravchenko and K, D, Tavursky, and
engineers A, M. Zagordan and S. Kh.
Atabckvan put in a lot of work and
displaved true heroism in testing the
helicopter. They gave us every assist-
ance in speedy elimination of the craft's
shortcomings.

I'inallv, after the tests were over and
the helicopter received a favorable rat-
ing, the government accepted it for
serial production under the designation
Yak-24.

We continued working to mmprove
the craft after serial production began.
In particular, the helicopter’s control
reliability was increased.

The control system  was still very
capricious, and the shghtest inaccuracy
in rigging or warping of the f'l.'lhli.']:lEJIIL.‘ 11
flight could cause objectionable vibra-
tion. But then, while serial (quantity)
production was under wav, our special-
ists succeeded in making a remarkable
improvement in the control svstem for
large helicopters which completely re-
moved all doubts about control reliabil-
ity.

This was the last important rehne-
ment in the helicopter. After that, we
breathed more freelv. And 1t became
quite casv to breathe after four of our
helicopters made the first public flights
at the 1955 aviation parade to the
amazement of manv spectators, espe-
cially the forcign aviation specialists

who were present at the parade. And
now several words about the helhicopte
itself.

The Yak-24, in its outward appear-
ance, resembles a car on a subway train
or an clectric tram.

And actually it is a real railroad
coach. Up to 40 passengers or a corre-
sponding amount of cargo 15 accommo-
dated in the helicopter’s cabin. The
cabin is 10 meters long and about
meters in width and height. It holds
up to four tons of assorted cargo, in-
cluding large-dimension items such as
two tvpe GAZ-69 or Pobeda automo-
biles, Thev go into the helicopter unde:
their own power by means of a ramp in
the tail section of the [uselage.

The cockpit, located m the helicop
ter's nose section, is notable for 1ts spa
ciousness. Vision from the cabin 1s ex
cellent. From here, as from a baleom
it is possible to see evervthing that
happens on both sides and  below
Fvery condition for making the heli
copter crew's work easier has been pro-
vided here. The crew consists of two
pilots, a flight mechanic and a radio
operator, There are dual controls. The
manyv controls and gages are mountcd
compactly on panels in front of the
pilot’s scats.

Yak-24 Advantages

What are the Yak-24's mamm ad-
vantages as compared with other type:
of similar craft?

Stability and ease in controlling the
craft, load-carrving capacitv and specd
of horizontal flight—these are the muin
problems that everv helicopter designer
strives to solve successfullv.

Without sacrificing speed, we 1in-
creased load-carrving  capacity sharply.
That i1s the chief and dishinctive virtuc
of the Yak-24.

The longitudinal arrangement for
rotor positioninz was used for the hrst
time in the USSR on this hehcopter.
Two huge four-bladed rotors are lo-
cated on the nose and tail sections of
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MECHANICAL FEEDBACK

DRY MOTOR
LOW FLOW CONTROL

SERVOVALVE

1%

“INDUSTRY STANDARD MOUNTING DETAILS"

For critical applications where outstanding
performance must be achieved with a

minimum of weight, Moog offers the Series 30
Servovalve. These valves utilize the proven

first stage of the standard Series 31 and 32

Moog valves, and are now available

with rated flows to 7 cis at 1000 psi valve drop.

WRITE FOR PRODUCT BULLETIN 773

MOOG SERVOCONTROLS, INC.

PRONER AIRPORT, EAST AURORA, NEW YORK

the fuselage, They turn in different di-
rections. They are driven by two power-
ful aviation engines connccted by a
svnchronous shaft. If one of the cn-
gines goes out of commission, the ather
will turn both rotors: and the hel-
copter will be able to continuc its
flight.

In turning, the rotors, which arc hori-
romtally positioned above the 1':|-.L-l;'|._£_:t'_.
tear the helicopter off the ground and
lift it into the air. But how does this
craft change over to honzontal Hight?

By moving the control stick or the
foot pedal, the pilot operates the liffing
rotors’ “antomatic swash plates.” Thev
change the planes of rotation. |he
rotors are tilted to the right, to the lett,
forward or backward. When the rotors
are simultaneously tilted to one side,
the helicopter :IL'I:..lH:il'l._"-; horizontal mo-
tion in the desired direction. Turming
the craft is achieved by tilting the rotors
to different sides.

Flight Capabilities

What are the flight capabilitics of
this craft? What can 1t do?

Milvatichev took a four metnc ton
load to an altitude of 9,521 ft. m ths
helicopter. Tinvakov reached 16,674
ft. with a two-ton load. They demon-
strated the craft’s “celling” and load
capacity. These results were confirmed
as world records 10 1956 by the Federa-
tion Aeronautique Internationale.  In
1957, the load-carrving records were
exceeded bv a gigantic new Russian
helicopter—the Mi-6.

As for the Yak-24's endurance i the
air and flyving range without landing,
this is testified to by many nonstop
flights, in particular those on the Mos-
cow-Leningrad route which were begun
by pilot Y. A. Gamaev. The mewest
navigational equipment permits the
helicopter to make flights at mght an
under difficult weather conditions.

Complementary Vehicles

In conclusion, it must be smid that
the airplane and helicopter are not
competitors. They are craft with difter-
cnt purposes and uses.

The more advanced the airplane be-
comes, and the higher its speed and
load-carrving capacity, the more 1t 1s
“tied” to the ground: it requires cver-
longer and more-durable runwavs for
takeoff and landing, Such runwavs
can’t be built evervwherc.

As for the Yak-24 hclicopter, 1t
needs an area onlv a hittle larger than
itself for takeoft and landing. It can
deliver people and cargo to places where
neither a train nor an automobile will
o0. Under ngorous Arctic conditions,
in difficult-to-reach mountain areas and
in the boundless spaces of the taiga,
this craft can do work that is beyond
the capabilities of other tvpes of trans-
portation.

We got’em!

Multi-turn potentiometer connois-
seurs...the men who buy them...turn
to Helipot 1o succor their cireuits,
They make their choice from the
nineteen separate and distinet series
of nELIPoT multi-turns, each with a
ntyriad of models, scaled from 7/8"
dia. x 1-1/2” up to 3-5/16" dia. x 6”.
They find it easy to pick the pot
thatsuits their circuit...linear or non-
linear. .. high temperature or stand-
ard range...with resolution from a
three-turn 0.164% up to a forty-turn
0.00073%...and linearities to =0.01% !
Join the well-informed 7 out of 10*
who turn to Helipot. Get the com-
plete story on this profusion of
multi-turns (plus a delineation of the
HELIPOT single-turn line). Write for
Data File K522,
*Based on a well-known national trade
publication’s own survey of thousands
of pot specifiers and buyers.

E!ec:k.rﬂan'J;H oot
elipo
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Helipot Division of Beckman Instruments, Ine., Fullerton, California




PLUS

IN CECO'S SUBCONTRACT MANUFACTURING
OF COMPONENTS AND ASSEMBLIES

As a subcontractor, CECO 1is equipped to handle
specifications demanding production tolerances as
close as 5 millionths of an inch and finishes to .5
RMS. Representative items manufactured to such
specifications are pictured here.

Behind this subcontracting capability are these and
other “tools” of CECQO’s trade:

® machine equipment like Milwaukee-Matics,
P&W Magnaspark Automatic Profilers,
Sheffield Multi-Form Crush Grinders,

Cavitrons, and others . .. much of the
equipment tape controlled

® temperature-controlled, contamination-free
assembly areas

® spectographic and X-ray inspection
equipment

® ultra-sonic cleaning devices

® clectronic and computer laboratory facilities

along with a wealth of production test
equipment and facilities

‘CECO

} For more detailed information on CECO facilities and 2 SYSTEMS
subcontract capabilities, write Department 79 or call CONTROLS

W. P. Carpenter, Mgr. Subcontract Sales, ADams 6-0651.

CHANDLER EVANS CORPORATION e« wesr HARTFORD 1, CONNECTICUT

W. B. Gurney K. L. Moan

7046 Hollywood Blvd, 305 Spitzer Bldg,
Hollywood 28, Calif. Toledo 4, Ohio
HOllywood 2-1239 CHerry 8-5791

FUEL TAMNKS

PASSENGER COMPRATMENTS

ARTIST’S conception of a Bristol Siddeley supersonic aitliver has combimation ramjet4urbojet engines mounted in the tail section and
fuel tunkage in center fuselage. Note positioning of passenger compartments and delta wing conhguration.

British Envision Ducted Fan VIOL

By John Tunstall

London—First details of Bristol Sid-
deley BE.53 powered VTOL aireraft
(AW Dec. 14, p. 35) show winged and
wingless proposals with the ducted fan,
lift/thrust engine used alone and in
combination with clusters of pure lift
CNgines.

Development of these unorthodox
vehicles both as helicopter replacements
or as transport aircraft was backed by
S. G. Hooker, technical dircctor-acro of
Bristol Siddelev Engines, Ltd., in
talk betore the Institution of Necham-
cal Engineers here.

Hooker said Britain has lost its lead
i the jet transport held and the inter-
continental subsonic jet transport mar-
ket has gone to the UL S,

Future Powerplant

But he claimed that apart from un-
orthodox applications, the low compres-
sion ratio, hightweight, ducted fan en-
ginc of the BE.53 tvpe—but smaller—
would replace turbojets in the medium
range airhner bracket within the next
decade, This category formed the great
bulk of the airliners flving and he
warned that without a government-
backed development program to provide
a4 suitable family of these engines, Brit-
nn would be swamped by Russia and
the U, S. in all aircraft categories.

Iirst application of the BE.53 en-
gine, thought to be in 15,000 1b.—20,-

000 Ib. thrust category, will be the
Hawker ‘P.1127 VTOL strike fghter
which is due to make its hrst fHight
within the next five months. Mode of
operation of this aircraft has not vet
been disclosed but based on Hooker's
description of a hvpothetical military

application of this tvpe, the engine will

be located in a n:.*nnyr:n.tinnﬂl Manner
with rotor svstem horizontal and can

thercfore be tun up without creating
ground debris.

For shart takeoffs, the efux from the
ducted fan is discharged horizontally
during initial accelerating ground run
and is then deflected downwards to
provide both hft and thrust compo-
nents. This arrangement prevents in-
gestion of ground debris. IFor true verti-
cal takeoff the engine is run up to full

»

(5.

WINGLESS vehicle envisioned by Bristol Siddeley would have flying crane capabilities.



Have you
gotten our

letter
about this
test set ?

GROUND SUPPORT ELECTRONICS * ANTENNAS * POWER CONTROLS

F

Transistorized . . . programmed
with perforated tape — this set 1s
a versatile means for testing drone
radio command guidance systems.
Its automatic features are typical
of test and checkout equipment
produced by Chance Vought's
Electronics Division. These people
have provided GSE support for
radar and inertial guidance; flight
stabilization:; warhcad arming and
fuzing:; rocket engine and teleme-
tering systems. Altogether, over
4,500 articles of GSE equipment
have been delivered in these and

other programs.

T his capability is available
to the company or service that
needs it. A recent letter from
Vought Electronics describes expe-
rience, labs and representative pro-
ducts in detail. It was mailed to

military agencies and weapons
developers—primarily to guidance
system developers.

If you haven't received this
letter . . . if yvou want to know
more about an experienced source
of GSE support for small and

large jobs, write:

VOUGHT ELECTRONICS

A DIVISION OF CHANCE VOUGHT AIRCRAFT,
INCORFPORATED » DALLAS, TEXAS
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COMPARISON of specihic fuel consump-
tions shows ramjet has lower consumption
than turbojet, above Mach 2.6; combined
unit lies between the two.

power before jet deflection to shorten
ground time in debris areas.

An air transport project described by
Hooker has a gross weight of 55,000 1b.
and combines two 15,000 1b. Lift/thrust
engines with smaller (10,000 1b. thrust)
ducted fan engines used solely for hit
and shut down in crmse. Hooker claims
a thrust/weight ratio better than 14:]
for both engine categonies so that the
weight penalty of the pure hift engines
amounts to 3,000 1b.

With this penalty, Hooker said, the
arrcraft Emﬂd still cruise at subsonic
speeds and carry a 10,000 1b, pavload.

Wingless Helicopter

The helicopter replacement proposed
by Hooker offered a simple airframe,
totally sustained by the thrust from a
single BE.53 engine discharged from
four symmetrical m}u]t.‘-. capable of de-
xLI{)pmg thrust for variable lift reac-
tions. The vehicle would have twice the
speed and the same payload as a com-
parable helicopter. With all allowances.
imcluding a parachute capable of sus-
taining the complete vehicle i the
event of engine failure, a fuel and pav-
load hgure of 41 tons was quut'.,d for a
vehicle powered by a BE.53 of HDUH
b, thrust, and ¢ .Ilmhh. of 250 Lkt.
speed.

According to Brstol caleulations, a
faster VTOL transport with a small
wing just L;u:mh]t. of Hl!ﬂtlillit]g the air-
craft at maximum crmse would show 2
60% advantage i range compared with
a conventional aircraft of the same take-
off weight, due to weight savings in
u'il'lg and Ialllding gear structurc,

At speeds below cruising, speeds jet
deflection would be used to supplement
lift.

The BE.53 engine, which has three
times the bypass ratio of the Rolls-
Rovee Conway, has a speahce fuel con-
aumptmu of 0.6 1b./1b. ,fhr and thrust-
to-weight ratio of 14:1.

Raising the compression ratio will
eventually drop this consumption to
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0.5 1b./1b. hr. Hooker claims that this
type of engine will form the mamn part
of the aeronautical engine industry ef-
fort in the 1960s. Afterburning in the
fan stream will lead to very large thrust
hoosts and makes the engine suitable
for supersonic speeds.

Hooker showed that thrust/weight
ratios of turbojets had dropped from
wartime figures of 2 1b. thrust/lb.
m,i ht to values exceeding four for
large e¢ngines like the Olympus and
Conway and cxceed 6 1b. thrust/lb.
weight ftor the comparatively smaller
Orphens engine.

Most guarded feature of the BE.53
15 design of the variable nozzle used to
deflect efflux. The company is believed
to have investigated many systems in-
{Iudmg multi- PLfcl“Ld clbows, such as
used in medieval armored suits. But
most practical arrangement from engi-
neering considerations is likely to be
bifurcation of the bypass flow into twin
ducts parallel to the rotor system. Fach
branch of the hifurcation can then be
hinged 1n a relatively simple linear
bearing so that it is free to rotate in
the vertical plane. This arrangement de-
flects the jet blast from the horizontal
to the vertical, covering all takeoff and
cruise conditions.,

Extending the deflection a few de-
grces bevond the vertical gives a re-
tardation thrust component for landing
r]“II}ﬂ‘-l{.'m

The advantages of augmenting the
thrust by afterburning in a ducted fan
engine would suggest the likelihood
that the bypass low and the hot efflux
are exhausted through separate nozzle
systems in the P.1127.

United Research Plans

L] L

Engineering Center

Menlo Park, Calif—United Research
Corp., a subsicdiary of Umted Aircraft
{nrp plans construction of a research
and engineering center and a develop-
ment and test center in the Santa Clara
Valley on the San Francisco Peninsula.

The rescarch and enginecring center
will include three structures—the ad-
ministrative and engincering offices with
executive ofhces in the administration

Luftwaffe Plane Losses

Bonn—=Luftwaffe chief Lt. Gen. Josef
Kammhuber told a parhamentary de-
fense committee that 26 planes have
been lost sinee the German air force
became operational in 1957, Of these,
20 were Republic F-54Fs, Kammhuber
said, including two which recently
crashed in Crechoslovakia.

In reply to questions, Kammhuber
| said radar landing aids are being installed
at Luftwaffe installations.
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The Collier Trophy:

"

New honur for world's hest fighter

The 1959 Collier Award reads:

“To the United States Air Force and industry team responsible for the F-104 Interceptor:
Clarence L. Johnson of Lockheed Aircraft Corporation for design of the airframe; Neil
Burgess and Gerhard Neumann of the Flight Propulsion Division, General Electric Com-
pany, for development of its J-79 turbojet engine; Lt. Col. Howard C. Johnson, U.S.A.F.,
for establishing a world land-plane altitude record of 91,243 feet; and Maj. Walter W,
Irwin, U.S.A.F., for establishing a world straight-away speed record of 1,404.09 mph.”

U.S. AVIATION'S TOP AWARD

The Collier Trophy, sponsored
by the National Aeronautic
Association and LOOK Maga-
zine, is given for *'the greatest
achievement in aviation in
America, thevalue of which has
been thoroughly demonstrated
during the preceding year."

LOCKEHEEED

building, the research laboratonies and
the development laboratories.

Development and test center will in-
clude facilities for a solid propellant
development plant and extensive test
facilities for both sohd and liquid
rocket engines. Both vertical and hori-
zontal test stands will be included, as
will nstrumentation facilities for ac-
guiring data.

United Research has outlined the
following four general areas of technical
work:
¢ Research in advanced high perform-
ance solid and storable liquid propel-
lants for thrust and auxibary power.
¢ Development of high performance
solid and liquid rocket engine systems.
® Rescarch in thermodynamics, com-
bustion, phvsics and materials.
¢ Propulsion system studies for opti-
mization of power plants for weapons
and space systems.

PRODUCTION BRIEFING

Japanese Defense Agency has ordered
a quantity of Bristol Siddeley Orpheus
805 turbojets (4,000 1b. thrust) for the
I'up T1F-2, standard imtermediate and
advanced trainer for the Japanese Air
Self Defense Force.

Aeroproducts operations of Allison
Division of General Motors Corp. will

develop a 7.5-ft. twin-blade turbopro-
IJL"LI' for ’th 250-hp. Allison T63 en-
gine. The Model "TE propeller will
have vanable governing, normal and
CIMETZency leHlLrlnfr aluminum hub
and Iﬂ ades, ice f:untml and tull-enclosed
plastic spinner.

Multi-million expansion program 15
under way at Cessna Aircraft Co.'s In-
dustrial Products Division, which 1s ex-
pected to ultimatelv cost some 54 mil-
lion. A 130,000-sq.-ft. addition to the
main factory, Hutchinson, Kan., 15 95%
complete; a new 18,000-sq.-ft. experi-
mental laboratorv and a Iﬂ,DDD-sq.-ft.
engineering  building are also being
built, with completion scheduled for
Jan. 15. Facility has :,|11]:r!|:mm111r of 700,
recorded sales of S10 million in Fiscal
1959, up 70% over 1958.

General Electric Y]85-5 afterburning
powerplant for Radioplane’s Q-4B tar-
get drone will undergo seres of exten-
sive ground tests at Van Nuys, Calif,,
to confirm engine cmnpﬂhh:hh mth
airframe subsvstems and to famihianze
Radioplane personnel with the engine’s
operating characteristics.

Aircraft Research Assn., Bedford,
FEngland, plans to construct a wind
tunnel with 1-ft. diameter for Mach 8-9
studies, Completion 1s scheduled for
next year.
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BENDIX SR

AND PANEL CONNECTOR

with outstanding resistance
to vibration

The Bendix type SE rack and panel electrical connector
provides exceptional resistance to vibration. The low
engagement force gives it a decided advantage over

existing connectors of this type.

Adding to the efficiency of this rack and panel con-
nector is the performance-proven Bendix “‘elip-type”
closed entry socket. Insert patterns are available to
mate with existing equipment in the field.

Available in general duty, pressurized or potted
types, each with temperature range of —67°F to +257°F.

Here, indeed, is another outstanding Bendix produet
that should be your first choice in rack and panel

connectors.

SCINTILLA DIVISION ?noﬁ/

E—iﬂﬁE"l". NMEW YORK AVIATION CORFORATION

RACK

Exnport Sales and Service: Bendix International Div., 205 E, 42nd St., Mew York 17, H. Y.
Caonadian Affiliotes: Aviation Electric Ltd,, 200 I.nurunlmn Bivd., Montreol ¢, Quabec.
Factory Branch Offices: Burbank, Calif.; Orlande, Florida; Chicago, lilinis; Teaneck, Mew Jurm” Dallas, Texas; Seattle, Washington; Washington, D. &

AN ATIAMRD WWIEEW N e N al=lal




AVIONICS

Tunnel Diode Applications Investigated

By Barry Miller

New York—Tunnel diodes are start-

ing to fulfill some of the promise which
their developers have been  claiming
for them as thev are being designed
into a widening mnf:h of uerlantnI
cirenits.

A primarv arca of application for the
new diodes (AW aug. 17, p. 73) ap-
pears to be in computer circuits—to
which they are introducing fractional
millimicrosgcond switching rates and
for which their small size and low
power consumption are particularly well
suited.

Some results of a Navv-supported in-
vestigation of ultra high speed com-
puter logic and memory circuits at
Radio Corp. of America were ontlined

in reports to the Eastern Joint Com-
puter Conference bv Jan A. Rajchman
and Morton Lewin, Included in these
rapers were descriptions of three basic
tunnel diode logic elements—two hi-
narv, one monostable—which can store,
A1 phh and gate.

One of the bistable logic elements
consists of a single tunnel diode driven
bv a current source and coupled to
mputs and outputs from a point above
the positive terminal of the diode.
Normally in the low veltage or 0"
state of its characteristic, the diode can
be pulsed by the current source bevond
the threshold eurrent to the high volt-
age or “1” state where it remains until
it is reset, "This change of states enables
the element to provide current incre-
ments to succeeding stages.

Tunnel Diode Background

Tunnel diodes are heavily doped junction diodes which have a negative resistance
region over a forward portion of their volt-ampere characteristic curves (AW Aug. 17,

p. 73). The device takes its name from the quantum mechanical tunneling phenome-

non by which electrons “tunnel”

ﬂlrnugh the forbidden band of a semiconductor

junction to create the unusval negative resistance feature. The device is sometimes
referred to as the Esaki diode, after Dr. Leo Esaki, Japanese scientist, who observed
and analyzed the tunneling effect in germanium about two vears ago.

Negative resistance of the diodes offers the possibility of obtaining gain from the
two terminal device. Typically, in the forward n.ginn of the characteristic curve, the
| current rises to a peak, then drops to a valley and rises again like a conventional diode
| characteristic. Values of peak and valley currents in one germanium unit are 1.1 mil
near 5 my, and 0.1 mal at 5 mv.,, rtﬂpt:tivel_v.

Some important features of tunnel diodes are:

o Fxtremely high speeds, limited principally by junction capacity and resistive losses.

Oscillation frequencies in the kilomegacyele range have been reported.

® Ability to resist neutron irradiation surpasses that of the transistor and semicon-
ductor because the diode’s mechanism does not require high purity crystals and
radiation damage to the crystal acts as an impunty.

e Little power is consumed and present maximum power output is restricted by the
diode’s short voltage swings which are a function of the energy gap and the degree
of impurity in the semiconductor material.

e Insensitivity to humidity variations.

¢ Ease of fabrication compared with transistors because of the absence of surface
problems, structural simplicity, and freedom from demands for high purity crystals.
® Operation over wider temperatures than transistors because of heavy doping and
promise of greater potential temperature ranges with high energy gap materials. |

Principal application is expected to be in computers to perform such functions as
amplifying, gating, and switching. A limitation arises from the nature of a two
terminal device—the need to provide direction of signal flow.
region the diode may be used where low power requirements are involved. Engineers I
disagree, however, over the ability of the diode used in a microwave amplifier to give

In the microwave

noise figures comparable to those of parametric amplifiers or Masers.

Problems in making the diode include the need to reduce lead inductance in pack-
aging, the control of doping and difficulty in handling and fabricating high-frequency
units whose size becomes smaller at the higher Ercqut:nciﬂs.

Tunnel diodes have been made from germaninm and silicon as well as several
of the group 111-V compounds such as indium antimonide (Bell Telephone Labora-
tories) and gallinm arsenide (Radio Corp. of America).

The diodes are now available on a limited sample quantity basis from several
manufacturers, including General Electric Co. and RCA.

The current generator can be ad-
justed for a specific logic function,
Thus, with proper adjustments and for
one or more “1” inputs, the output can
be “1” (OR gate) or when all inputs
arc 1 the 17 state the output can be
“17 again (AND gate).

Logic clements can then be grouped
and clocked by overlapping pulses. One
experimental unit demonstrating  this
tvpe of logic and containing 27 tunnel
diodes was built at RCA acf:urdmg to
Morton who, along with Arthur Lo,
directs much of this work under Rajch-
man, [t contains a storage loop, a full
adder stage, shifting means and other
functions. Designed with early, com-
parativelv slow diodes and driven by a
three phase clock at one megacycle, the
unit achieved 50 nanosecond switching
times (where one nanosecond equals
a millimicrosecond).

A second bistable or balanced circuit
consists of two tunnel diodes with pulse
or sinusoidal signal applied across them.
Their composite characteristic, one
diode’s curve reversed and superim-
posed on the other one, with one curve
cftectivelv the load curve for the other,
provides for two stable operating points.
A pulsed or sinusoidal mput from the
source across them forces one or the
other diode into the high-voltage “1”
state.

Input voltages at the junction be-
tween the two diodes trigger one of the
two diodes, increase the voltage swing
at that point and effectively amplify
the input signal. Like the previous
bistable units, these clements can be
coupled resistively at their midpoints
and grouped to form logic networks.

Diode Limitations

The monostable logic element uses a
tunnel diode in series with an induc-
tance with the dhode biased to a point
near the maximum current on the
threshold of the negative resistance re-
gion, Rajchman says. A small voltage
triggers the diode to the high voltage
state from which it is automatically
reset back to “0" by the mIt.JgL induced
in the inductor. Here again units can
be resistively coupled into logic net-
works.

One of the more severe drawbacks
to the tunnel diode, Lewin says, 15 that
it 15 not a unilateral device. Because 1t
has only two terminals, both input and
outputs are at a common point, Con-
sequently, 1t is necessary to couple the
diode to other devices thmugh 4 uni-
lateral device such as a rectifier (whose
slower speed would militate against its
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CHARACTERISTICS of an indium antimonide tonnel diode placed in a square plastic dish containing liguid nitrogen are checked (left) at
Bell Telephone Laboratories while recorder (right) directly traces volt-ampere characteristic of a germanium tunnel diode,

use 1 some mstances) or for microwave

applications a Hall effect isolator, gyra-
tor or arculator. In the RCA logic net-
works using the inglc clements men-
tioned imuumh time scparation is
achieved by multiple phase clocking,

Another answer to  this problem,
Lewin adds, 15 to synihesize three ter-
minal  umilateral cirenits with  tunnel
diodes. For cascading amplifier stages,
transistors could be interspersed  be-
tween tunnel diade stages.

To overcome |]-[:I'-|;-il|‘.rIL ]::r{rhff:m*.
posed by the limited logic gain or fan
out of the tunnel clmclt—ﬂw number of
circuits a single diode can drive—diodes
with vmiform characteristics are essen-
tial. Unlike high gain transistor design,
viriations in the low-gain diodes can-
not be anticipated with worse case de-
signs. This will require high viclds of
tunnel diodes matched to ulthm 10%%
or a relaxation of circuit tolerance te-
qurements and hand adjustments,

Random Access Memory

Ten nanosecond evele time random
access memorics that are necessary to
go along with the anticipated one nano-
second tunnel diode logic cannot be
obtained easilv from magnetics, accord-
ing to Rajchman. Consequently, RCA
has selected the tunnel diode for mem-
ory systems despite the large number
needed and in anticipation of full scale
production of the device.

FEach bit, Rajchman savs, is stored
by a current driven tunnel diode with
two stable vol tages.

Any diode can be properly set by
pulses from other adjacent elements
which are resistively coupled and ar-
ranged on row and column buses. Co-
imcident bit or word addressing requir-

g two-to-one and three-to-one selee-
tion discrimination, respectively, can be
used,

Rajchman claims that the simplicity,
diminutive size and low power dissipa-
tion of the tunnel diode will permit a
packaging density of 10 or more ele-
ments per cubic meh. Thus, computers
with several thousand logic and several
tens of thousands of memory elements
an be squeezed into a volume with a
two-foot diameter. Propagation delavs
mav be kept down to one nanosecond
hecanse of the close proximity of the
clements in compact machines,

These techmiques can lead to hillion
bit per second information handling
machines, Rajchman says.

Tunnel Diode Paramps

Passible application of tunnel diodes
m  parametnic amplifiers for straight-
through amplification and frequency
conversion is also receiving attention

combination herctofore unattamable in
a down converter, has been designed
and operated by K. K. N. Chang.

In this device, according to f']l ang,
a 430-me. local oscillator h:.ut.*- against
the 400-me. mput signal across a gal-
linm arsenide tunnel diode and pro-
duces a 30-me. II° signal. The converter
has a measured noise figure of 1.5 db,,
Chang savs, and also provides 20 db.

Eillll.

Mixing Possible

Non-lincarity of the diode makes the
mixing possible and the negative re-
sistance 15 the source of gain.

This converter boasts both conver-
sion gain and low noise compared with
a crvstal converter, and low noise com-
parcd with down conversion by a
paramp. More power is required of the
tunnel diode converter, however, be-
cause both a local RIF oscillator and 2
d.c. biasing source are necessary.

[.ocal w-.cll].m:r signal radiation back
through the mh,-nml tends to be trou-

at RCA. A 400-me. down converter
that has hoth gain and low noise, a
o |
s
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SINGLE EMDED bistable tunnel diode logic element is biased in “0" state at point P at left.
Diode can be pulsed into “1" state by clocked current source in circuit at right.
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BALANCED tunnel diode bistable logic element (left) has one or the other diode in “1”
state, determined by polarity of applied signal. Monostable element at right resets itself by

voltage induced in inductor,

blesome and must be fltered out. It
can also be reduced by increasing the
frequency separation between the in-
put and local oscillator signals. Substi-
tuhng a 215mec. pump mm the same
device, Chang operated the converter
again with the II¥ output taken between
the second harmonic of the osallator
and the input. Chang hopes to ehimi-
nate the local oscillator entirely.

Straight-through paramps—those 1n
which the output signal frequency 1s
the same as the input—have been oper-
ated without an RF pump (d.c. bias
is the energy source).

Tunnel diode paramps are not fre-
quency sensitive like the reactive
paramps, Chang says. He hopes to
push their operating frequencies well
up mto the microwave range.

Higher frequency diodes imply re-
duced RC time constants to which the
frequency is inversely proportional. C
is the junction capaaity and R the
magnitude of the negative resistance.
As the area of the junction 1s reduced,
C tends to decrease while R increases
at the same rate, thus holding the prod-
uct of the two constant. Thus, retamn-
ing the same area and simply increasing
the doping increases the speed of the
diode but also drops the diode’s impe-
dance. The peak current, which is a
function both of doping and the semi-
conductor material, 1s increased i the
process creating the ticklish problem
of supplying a high current power sup-

ply. Ideally then, Lewin savs, it's desir-
J]'JIE to reduce the time constant with-
out altering R. One long-term way ol
doing this, he explains, as follows: ‘Re-
duce the area thereby reducing C and
increasing R but -:]rnppmg the peak
diode¢ current. Then if the dupmg
15 Increased, the diode’s peak current
is restored, its characteristic 15 essenti-
ally the same as before, but C 15 re-
duced while R is unchanged. This
process can be repeated, and the time
constant is shortened by greatly reduc-
ing C.

Series resistance of the diode and -
ductance of the leads and mount can’t

TA

be ignored as their time constants must
be kept small with respect to RC.

Bell Telephone Laboratories indi-
cates an imterest m tunnel diodes for
microwave applications but expects that
diode technology must be improved be-
fore tunnel diodes turn out appreciable
power, The diodes become smaller and
harder to handle at the higher fre-
quencies and the output power de-
creases as the fourth power of recipro-
cal frequency,

Bell scientists have been working
with indium antimonide tunnel diodes
which presently must be cooled to
liquid nitrogen temperature. These
diodes have low junction capacity and
should have high frequency response
and high current densities. High cur-
rent ::Icmah. may provide an answer
to the need for higher power.

Extensive tunnel diode circuit appli-
cations work is being pursued at Gen-
cral Electric Co, also. Recently, Rob-
ert N. Hall, a GE scientist achve In
tunnel diode development work, de-
scribed a single tunnel diode receiver
in which one diode simultancously per-
formed the functions of an RI" amph-
fier, local oscillator, mixer and first I
amplhifier.

NEW AVIONIC
PRODUCTS

Components & Devices

¢ Gold-plated connectors for micromod-
ules and other miniaturized circmitry
provide protection against corrosion and
ease soldering. Units have 0.5 Ib. inser-
tion force, less than 0.25 1b./contact
withdrawal force, less than 0.005 ohms/
contact resistance and conform to Sig-
nal Corps Specifications SCL-6250,
according to the manufacturer. Molded
Insulation Co., 335 FEast Price St.,
Philadelphia, Pa,

e Splid-state time delav switches, 1n
three basic tvpes, are designed to han-
dle up to 10, 16 and 50 amp., respec-

tively, without arcing, contact damage,
radio mterference, audible noise or
vibration, Operating voltages are 24-31
vde. for units in black anodized alu-
minum case 14 in. diameter, 2 in. long.
George Harmon Co., 18232 Parthenia,
Northridge, Calif,

e Subminiature rotary potentiometers
ranging in size from g-in, to 3-in. diame-
ter are in 200 kilohm humidity-sealed
units operable up to 200C and capable
of withstanding 40g vibration. Maker
savs umits have high resolution, good
noise level and self-phasing capability.
Companion line of rotary trimmers have

it

shaft torque of 3 oz.-in. and friction
clutch for precise settings can be
mounted in two planes without addi-
tional brackets. Subminiature Instru-
ments Corp., 3705 Sunnyside Drive,
Riverside, Calif.

e Transistor chopper, tvpe 6025, with
sclf-contained drive transformer, has
spdt switching action for up:.:mtiﬂn over
chopping range from 50 to 5,000 cps.
Drive may be 6.3 volts square wave or
sinusoidal, with less than 20 mw. power

required. Signal inputs up to 100 v,
with currults up to 10 ma. can be han-

dled by 1l-0z., 0.75-in. diameter by
1.4375-1n. lnng unit i zero to 55C
tmpcrature range, according to manu-
facturer, Airpax Electronics, Inc,, Cam-
bridge, NMd.

|
s

e Iloated rate integrating gyro, M2514-
02, designed to be mounted directly on
frame of missiles or aircraft, provides
lincarity of 0.02% and angular mo-
mentum of 250,000 gm. cm.sq./sec.
Short term H.*rl'lcull r.irlft is 0.01 deg./
hr. and azimuth drift is 0.02 deg./
hr. Kearfott Co., Inc., 1500 Main Ave.,
Clifton, N. J.
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Systems Analyzer Speeds F-101 Checkout

By Philip J. Klass

Minneapolis—Iirst production maod-
¢ls  of Minneapolis-Honevwell's new
automatic svstems analvzer for the Mec-
Donnell F-101B, which Air Force tests
mmdicate will slash time required to
check out and trouble-shoot the ar-
plane’s flight control svstem by §50%
compared  with former manual  test
equipments, have heen delivered to the
Air Foree.

Present model will be used for
[-101B flight control checkout, but the
basic design s universal in its possible
applhications. The specihe tests, meas-
urements and checkont  sequence 15
comtrolled by perforated Nylar tape pro-
TN,

This permits the analvzer to be used
with a variety of avionic or non-avionic
svstems whose operating parameters ¢in
he measured electrically.

The Honeywell analvzer is designed
to .mtmm’r:mlh introduce, in Tunlml
sequence, a series of precise a.c. or “de.
aﬂm]u and to measure the ste :(lx state
or dynamic response of the svstem to
such stimuli. In addition, the device
can  switch i simulated resistance,
capacitance or mmductance nto circnits
under test. It also can mp]}} L1111
lated loads, synchro position signals and
Tutomatic '-.'IMTLiIII]l? fFacilitics for con-
necting *.uhnhir.m-». mbo any desired
sustem umﬁtfurltmn

In ats f'[tw-n approach, THonevwell
has anned pr:m.mh for reliabihity and
simplicity rather than for high speed
and ~.nplml:|ctt1{m 1 company spokes-
man savs. The analvzer emplovs analog
technigues for mtmtlmmg tost nnn.ih
nd making measurements, digital ruh
nques for programing and m':l_‘ihinf'
I'he analvzer can perform an average of
plmnlm.lhh 60 tests per minnte, Tt
15 priced at less than 5100.000.

Prototype Model

Prototvpe model, evaluated by the
750th Test Squadron at Tvndall AIMR,
I"la., has operated for a total of 542
hr. with only a single failure—a small
pilot-lamp. The USAF report on the
Honeywell analvzer evaluation, prepared
bv Capt. Alfred 11. Uhalt, Jr., project
officer, savs the cquipment “‘proved
hoth ]uEhh accurate and reliable to an
cxtreme not often found in this tvpe
of equipment. During the evaluation,
the test set tr:t:'ur;ltuh' located all in-
duced and actual flight malfunctions
|~,n1guud to it.

“Use of the set reduced average flight
lme trouble-shoot time by an estimated
sU% and, in many cases, eliminated a
functional check flight, This repre-
sented a considerable savings in man-

FLA R R o i AFEFLF [ i F L

power, flight time and dollars,” the
report concludes.

The Honeywell analyzer is available
cither in a fxed-base console or
mounted in a tratler which 15 air trans-
portable. The mobile version can be
used either on the flight line or in a

¢ O

' L8

base maintenance shop. Its mobihity
permits analyzers to be shifted from
shop to flight line or vice versa as re-|
quired.

The analveer proper occupies .ﬂmui:f
40% of the trailer volume. The re-
muindu’ 15 used to house cables fﬂrl
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HOMNEYWELL automatic systems analyzer, shown in use on an F-104, will hc used to check
ont and tronble-shoot flight control system and air data computer on F-101R. Air Force
tests indicate new analvzer will slash checkont time by at least 80%.
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MOBILE VERSION of the analyzer, which is snitable for flight line or maintenance shop wse,
includes kadder and reinforced top to permit its use as a work stand to gain access to air-
plane’s avionics equipment. Amnalyzer is operated from perforated tape,
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I_'f_]lti}_}I]]L'HT and to store spare maodules
for replacement of defective analyvzer

¢clements on the spot. Top ot the

trailer is reinforced and covered with
an abrasive walkaway so it can be used A I
as a work plattorm, with access pro-

vided by a small ladder at the rear,

Like most antomatic checkout equip- l O DR%
ments, the Honeywell analvzer will
automatically check itself immediately
after detecting a fault to determine
whether the trouble is in the airplane’s |
avionics equipment or within the an- | |
alvzer itself,

The analvzer also performs a self-
check sequence prior to making a de-
tailed trouble-shooting analysis of the
airplane’s avionics cquipment,

A significant advantage of any auto-
matic checkout cquipment for trouble-
shooting is the fact that 1t always uses
the same well-planned  sequence  of
tests regardless of the operator’s skill
level, which in the long run 1s the
quickest wav to isolate the fault.

By contrast, tlre sequence of tests
followed by maintenance -personnel
using manual tester depends upon the
skill level and intwition of the in-
dividual mvolved., the case (or difh-
culty) of making a specihe test, and on |

v his recent experience with the equip-
b/ ment. If a specific tube or other com- AERODYNAMIC BLADE ANTENNAS
‘l_ff{: - - - v
£ in this zon e, ” "g/ Models available from UHF to C-band
A4 i - . Thank You, Again...
V/ /4 stainless steels that i
V4 s??&& {/ Band widths of 25 percent or greater

remain ductile with

ﬁ/ No space required inside airframe

high strength and stability

' L)D&ﬁ In the search for favorable strength-to-weight ratio, high

| temperature alloys have been developed with extreme strength
48 up to 1000 F, but at the expense of ductility.

V' 4 ?ﬁ& In AM 350 and AM 355, Allegheny Ludlum’s precipitation

Iff All metal leading edge provides

bigh erosion resistance

hardening stainless steels, you have high hardness and stability from [0 dagi e
room temperature to 1000 F, plus almost twice the ductility! VSWR Characteristics of Typical S-band Blade
4 These advantages are followed by easy formability using normal ]
' a/ &0 techniques. AM 350 and AM 355 can be brazed and welded as easily
as the common stainless steels. They can be spun, formed and machined 14
without special preparation.
AM 350 is available commercially in sheet, strip, foil, small bars and SASE AR ;' i2: =
wire. AM 355, best suited for heavier sections, is available commercially 4108 Alx RO LR T,
in forgings, forging billets, plates, bars, wire, sheet and strip. y 10 A e o S T % 2 T
For further information, see your A-L sales engineer or write for the new for the biggest h s TR B R e e ¥ %o
Fechlﬂca% h?nklet,.“AM 350 and AM 355.” Allegheny Ludlum Steel Corporation, sales year in
Oliver Building, Pittsburgh 22, Penna, i
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DIAGRAM of Honeywell analvzer shows how tape program controls switching, test signals

and comparison of system output,

ponent has been a recent trouble-maker,
a maintenance man intwtivelv replaces
these items first in his effort to lo-
cate the trouble.

The use of an automatic amalveer
also assures that the same standards
are consistently applied in evaluating
whether a svstem, or subsvstem, s
operating  satisfactorily, removing  the
clement of human judgment.

Readout Device

A digital readout device on  the
Honevwell analvieer indicates which test
is being performed at any instant. If
malfunction or malperformance is de-
tected, this is indicated by a red light
and a two-digit numerical code. H]JL ril-
tor refers to a roll chart corresponding
to test number and fault number for
instructions on what black box in the
airplance should be replaced or
other corrective action is required.

The Honevwell analvzer uses a My-
lar tape program with 16 holes (bits)
per line. Iive of these provide the ad-
dress; the remammg 11 specity signal
mpu’r outpat and .ﬂTm-. 1ble tolerances.
Tape 1s driven by a solenoid mechanism
at rates up to 18 lines per seeond,

The perforated imformation is con-
verted by a tape reader and transistor-
ized decoder into  switching  signals
which connect required signal gencera-
tor to correct point in the circmt and
connect in appropriate signal genera-
tor required to provide a reference sig-
nal with which the svstem output sig-
nal will be compared. :

[f output signal is within preseribed

Analyzer uses both analog and digital techniques.

limits, comparator generates a “go”
signal which automaticallv advances the
program tape to the next test instruc-
tion. If the signal is outside of specified
limits, the analvzer frst checks its
own mternal operation. If it inds no
internal fault. it then transmits a sig-
nal to operator's console which canses
it to displav a two-digit number indi-
cating the specihe maltunchon of the
svstem under test. Operator then con-
sults the built-in roll chart to determine
what corrective action he should take.

[11 lngh performance servo svstems
used in flight control. u static test is
not adequate for clu!mmmnrr whether
sestem performance 15 m]haf‘t-.hln 1o
perform  dvnamic svstem  checks, the
Honevwell J:mhﬂ.r contains a4  sine-
wave pencrator whose frequency can
he ";.IHLI'.:| as required and a digital timer
which can provide a precision time
base that is programable in 24 nulli-
second mcerements.

Both the mobile and hxed hase ver-
sions of the Honevwell antomatic sys-
tems  analvzer Lm]:ulm modular  con-
struction with major  subassembhies
mounted on removable  drawers

”[rIIle.u'n:_]l has orders for 18 of s
UGS97 analveers which will be used by
IX101B  squadrons.  according  to
Charles I, "'l.]uL]th product manager
m companv's ground support  equip-
ment tlLr_rtrhnL'm ||HllL"n"l.l.'L'H CLT-
rently s negotiating for sale of a similar
mmlucr Tn West German air foree
for use with its Lockheed F-104Gs
to check out airplane’s flight control,
inertial platform and air data computer.

»-E‘E FILTER CENTER j\l

P Thermomagnetic  Generator Future
]'Jnl'll'.-tl"nl—"ﬁlnft] Research  Laboratory
studv  of thermomagnetic generator,
which transforms hmt dlrw:th m’m
clectricity, indicates its efficiency i
too low for development into a uscful
device. Report on the NRL study, en-
titled “F I_ﬁcu,nu of a Thermomagnetic
Cenerator,” identificd PB 151736, can
be ordered from Commerce Depart-
ment, Office of Technical Services,
Wiashington 25, D. C., for 50 cents.

> Cat EFve for Night Photography—A
light amplifier kinescope recorder
cquipped with a single-stage imtensifier
pickup tube has achieved 2 sensitivity
cquivalent to an ASA number of 10
million. Report on the “Light Ampli-
fier Kinuwﬂ;u Recorder  for “xwht
Photographv™ by Wright Air ]".'rudn]:h
ment Division Acronautical Rescarch
Laboratory, identiied PB 151914, can
be obtained for 50 cents from Com-
meree Dept., Office of Technical Serv-
ices, Washington 25, D. C. Another
report by the same group. entitled
‘Davtime Detection of Celestial Bodies
Using the Intensifier Image Orthicon,”
identihicd PB 151866, also is available
at $1.25 per copy,

» Computers Linked by Microwave—
Microwave link has been installed to
tramsmit data from North American’s
Rocketdvne Division in Cumgl Park,
Calif., to a batterv of six large IBM
computers at the company’s main plant
at Los Angeles International Airport,
39 mi. awav, which also will be linked
bv microwaves with NAA’s Missile and
Autonctics Divisions at Downev. North

Recovered Recorder

Rugged miniature tape recorder, returned
trom a Thor-Able nose cone recovered from
Atlantic Ocem, reportedly pcrfununl satis-
factorily despite rigors of its jonrmey, land-
ing and acid burns resulting from ruptured

mstromentation battery,  Manufactured by
Ampex, tiny tape recorder weighs 20 1h,,
records  two - tracks of information on a
i-in-wide tape.

A%fl ATIALI WifiEEILF | 5 TSRS ETRRITEEEY U 1REM™

TYPE 5IR
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When you sell 8,363 units to 6,000 air transports,
THEN you call your product AIRLINE STANDARD

The first Collins 51R-3 Navigation Receiver was delivered in 1952. Since then, 8,383 units have been
manufactured, and 51R-3's are still selling at the rate of 100 a month to airlines and business aircraft.
The standards of reliability and dependability which have made the Collins 51R-3 the most popular
navigation receiver in the world are maintained throughout Collins complete line of aviation equipment.
Whether you fly single engine or a jet airliner, Collins supplies every aviation electronic need. Consult
your Collins distributor or write direct for descriptive literature.

CEDAR RAPIDS, IOWA * DALLAS, TEXAS ¢ BURBANK, CALIFORNIA

COLLINS RADIO COMPANY
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American savs this is first bme micro-
wave links have been used to transmit
data to central computers. T ransmis-
. i -

gion rate 15 3.000 words per seeond.

» Transistor Sales Climb—5ales in Sep-
tember of 8.7 mullion transistors sct
an all-time monthly record, according
to hgures released In Flectronie In-
dustries Assn. Total sales for the first
mine months of 1959 were 57.9 million
as compared with 50.4 mllion for the
same period in 1958, Dollar sales for
the first nine months were S154.3
million as compared with 573.2 mllion
last vear.

 New Potting Compound—Aluminum
oxice ‘[J{}“‘EEL'I‘- (alumina) ofters several
attractive advantages over conventional
materials for potting transformers and
other electnical devices, Bell Telephone
Laboratory scientists reported  during
recent National Conference on "L]:n]:h
cation of Electrical Insulation in \Wash-
ington, D. C. When alumina is used,
damaged components can be replaced
by cutting seal on can and pouring out
the dry grnm] it alumina powder. Other
alumina ady: antages mclude: no expan-
sion or contraction over wide tempera-
ture tange, melting temperature above
1,300C and no cunmg or vulcanizing
required.

» Cloverleat Cathode Support—Clover-
leat-shaped cathode support made of
steatite (magnesium sithcate) which now

15 a standard feature of Svlvanma Elee-
tric Products, Ine., radar cathode ras
tubes, 1mproves over-all efficiency and
life of the tube, the firm savs. Unusual
shape of the support cuts area of contact
between cathode and support in half,
and therebv reduces heat  dissipation
and speeds warmup hime.

> Signed on the Dotted Line=Major
contract awards recently announced
avionics manufacturers  include  the
tollowing:

o Kearfott Co., Little Talls, N. J.,
5100,000 studyv contract for a solid-state
multi-head cclestial  comparator -
tended  for  space  navigahion, from
Wirigl . Air Development  Division's
Weapons Guidance Laboratory.

e General Electric, Heavv  Military
lectronic Department, S118.000 xtn{h
contract for Minuteman launch control
:"ljll-"'lt-n_.”“] EHH'II]IH]IEL:].['H'I']I tLﬁ.I]l]leULH I'-r“'l'”
Bocing Airplane Co. GE, one of hve
companies to receive study  contracts
for the program, will investigate low,
medium and  high  frequency  svstems.
e Svlvania R-:smrn:h Laboratories, Bav-
side, N. Y. will develop refracton
metals, allovs and compounds in-
tended to withstand temperatures above
5.500F under a S270.000 research and
L]L'\':.']nl:rm-:.'n’r contract.

® Dvnamics Research  Corp,,

ham, Mass., has received a 573,338
contract for investigations of the n-
ertial mavigation svstem to be used on
Polaris- hL.mnfr submarines,

Stome-

Alrbnrne Tu:tlcnl Dufu System Develnped

Airhome Tactical Data Svstem (ATDS), AN/ASO-54, developed for Navy airborme early
warning and control aircraft, will provide surface ships with processed radar data on
attacking aircraft and also permit AEW&C aircratt to guide fleet imterceptors toward the
targets, controlling their intercept path directlv.  Developed by Litton Industries, the
\SO-54 15 the first ATDS to be developed. It will be flight tested by Lockheed on a
WV2.E Constellation.  System includes digital computers, data processors, display and
communications equipment.  Smaller, lighter version of ASQ-54 is being built for use
on carrier-based aircraft,  Similar svstems are under development for the Marine Corps.

AVILATIOWN \WFFK NMarambar 98 1090689

FINANCIAL

Boeing’s Allen Cites Trend to Mergers

New York—Economics of the future
point toward mergers and  consolida-
tions 1n the U.S5. aviation industry
similar to those under way in Britain,
Wilham M. Allen, president of the
Boeing Airplane Co.,, told the New
York Society of Securitv Analvsts,

The tactics mul in Britain—forcing
consolidation by government hat—are
not likely in H'I-L U. S., Allen said in re-
SpOnse to 2 question, but cconomics
might be just as compelling,

This was one of a number of ponts
in Allen’s sober but not necessarily

gloomy appraisal of the aviation indus-
m which could be summed up i his
belief that neither the military nor the
commercial transport market 15 large
enough to support all those competing
for 1t.
decade or so ago,” Allen sad,
“one could name a dozen hrms—cer-
tainly no more than that—and vou could
say, “These are the principals of the air-
craft industry,” Today such a statement
w mlld have little meaning.”

“The idustry today is a market place
for products, for components and for
services—most of them technical or
managerial-to  which a considerable
number of verv large Airms in the na-
tional economy h.m:' turned their atten-
tmn.

“Five or six vears ago, a competition
for Air Force business might have drawn
10 or 12 hArms: todav uhcn we go to
Wright Field or to the Space agencies,
we find upward of 30 or 40 ﬁnm com-
peting for major and minor contracts.
Included in that group will be the
auto producers, the major clectrical
firms, the principals in the electronics
industry, and of course, the principals
in the aircraft business.”

Defense Funds

There is not enough money in the
defense budget to support all the pro-
grams that have been or are now under
way, Allen said, and the ax must fall for
some.  Furthermore newer  programs
such as Minuteman intercontinental
ballistic missile did not involve any-
thing like the production effort or
dollars that the Boeing B-47 or B-52
have.

Boeing's solution for falling volume,
Allen said, 15 to try to win more of these
lower volume new programs.

On the commercial transport side,
Allen said the development and startup
costs involved in the various commercial
programs have, without exception, been
much higher than anticipated. This
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produces pressure to sell more units to
recoup these costs, tightening compe-
tition and resulting in terms on sales
which, standing alone, make no cco-
NOMIC Sense,

“In my view,” he declared, “there 1s
not a sufficient market for additional
stles to permit a recoupment of losses
wiffered by the contending thll'lllf;l{-
turers within the f!!!‘EHLL‘:llJ]L future.”
Boeing’s total 707 jet transport write-
ofts are 5134 million to date.

Over the long pull, Allen said, com-
mercial business should be rewarding,
imfluenced by continued growth of air
transport, improved aircraft efhiciency
and the potential growth of air cargo
that Allen estimated would be at least
tenfold by 1970, In addition, he fore-
cast substantial requirements for mili-
tarv jet cargo aircraft i the 1960s.

T'rathe ftorecasts indicate a free world
market for 1,800 small, medinm and
large turbine aireraft worth about 87
billion i 1959 dollars, Allen said. Boe-
ing’s share of the 565 turbine-powered
airplanes on order or delivered in
1958-59—having a total sales price of
$2.3 hillion—has been 195 airplanes or

approximately 34% of the total.

Allen said there will 1 € Increasing
L']l't]]lhl!m]h on  missiles, unm.mm:d Air-
craft and sophisticated space vehicles,
but he also expects a continuing and
substantial requirement for manned air-
craft. Specifically he cited reconnais-
sance and early warning aircraft, The
B-52 might be adaptable for such use,
and he also be pointed out the possi-
bilities of the KC-135 as an electronics
platform.

Vertol Merger

Touching on Boeing’s own interest
m mergers, Allen noted the proposed
acquisition of Vertol Aireraft Corp. to
give Boeing an entry into the V/STOL
ficld (AW Nov. 23, p. 29). Allen said
Boeing was looking flt other new fields
for the company that hold promise for
the futuare, but that merger or acquisi-
tion wonld be considered only if the
necessary  capabilities conld not  be
obtained  cconomically  and  rapidly
enough from within the company.

{]n{ example might be electronics.
Allen said the company has developed
an clectronics capability for special

Boeing Develops Manned Tru:king Systm

Manual Angle Tracking Capability system (MANTRAC) has been developed by Boeing
Airplane Co. for use in areas where SAGE or alternate electronic systems are not available.
The system utilizes triangulation on a Plexiglas map; each plotter is linked to a number of
radar sites by phone, Information is relaved to a fighter or missile controller.
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ON BENDIX COMPONENTS

TEMPERATURE-COMPENSATED
TACHOMETER GENERATORS

m SPCCIFICALLY DESIGNED FOR RIGID AIRCRAFT AND MISSILE
PACKAGING AND PERFORMANCE REQUIREMENTS

m ACCURACIES WITHIN 1/10 OF 1%
m TEMPERATURE RANGE FROM —55°C. TO +125°C.
m LIGHT WEIGHT—AS LOW AS 7 OZ.

Designed for use in computer cir-
cuits and wvelocity regulation sys-
tems, these integrating Bendix
Tachometer Generators offer true
laboratory quality at mass produe-
tion prices. Generators are checked
and calibrated by special Bendix-
developed test equipment that
measures speeds to an accuracy of
0,0019 and voltage readings with-

TYPICAL UNIT CHARACTERISTICS:
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in an 0.0059; accuracy.

Supplied in frame sizes 11, 15,
20, and 23—with size 10 now in
development. Tailoring to cus-
tomers’ needs also available—for
example, with unitized construc-
tion requiring no external compen-
sation and with pulse generators
for direct indication of speed
measurement.

................. v oo 113 volts
....... 1.5 volts per 1000 RPM

.. = & minutes
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For full details as related to specific applications, write—

Eclipse-Pioneer Division

Teterboro, M. J.

District Offices: Burbank and San Francisco, Calif.; Seattle, Wash.; Daytan, Ohle; and Washington, D. C.
Export Sales & Service: Bendix Internotional, 205 E. 42nd 51, Mew York 17, N. Y.
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cquipment required in such programs
as Bomare, The company has not sold
cleetronic equipment to others as such,
but has studied the possibility of do-
Ing so.

Other points Allen touched on:
e First of the B-52Hs powered by the
Pratt & Whitney J57 turbofan will roll
out at the company’s Wichita Division
arly in 1961 and production will con-
tinue through that vear. Congress this
vear provided funds for 62 airplancs:
e KC-135 production will continuc
mto 1961 on the basis of orders for
192 airplanes of which approximately
350 have been delivered. Production
rate 15 reported to be eight per month,
® Boeing has sold more than 150 small
gas turbines to cemmercial airlines for
pneumatic power for jet engine start-
ing. It 1s exploring the light executive
aircraft market for engines such as its
Model 520, foresceing the possibility
of turbine engines replacing piston en-
gines in this category in five-10 years.
® Total 1959 sales arc expected to ex-
ceed 51.6 billion and with earnings
probably exceeding $12.5 million. Sales
next vear are forecast to decline, but
carnings should improve with the bulk
of commercial jet transport written off.
® More writeoffs might become neces-
sarv to keep the 707 familv competi-
tive, cither in performance or in price.
The latter may include accepting trade-
ins, assisting in the financing of pur-
chases or both. The net effect 15 to put
the break-even point even farther down
the road.
¢ Bank loans of $120 million based on
a $175 million line of credit and 570
million in long term borrowing will
cover Boeing's capital requirements for
the next several vears. Property, plant
and equipment expenses will approxi-
mate $20 million this vear. which de-
preciation and amortization will equal.
After next vear, requirements for new
facilitics for specialized production,
engincering and test equipment will
somewhat exceed amounts projected to
arise from depreciation, amortization.

Westland Aireraft
Has Record Profit

London—\Westland Aircraft Co., Ltd,,
British helicopter manufacturer, has re-
ported record profits and a doubled
dividend for a 15-month fscal vear.
Report includes six-month earnings of
Saunders-Roe, Lid., which was acquired
during the penod.

Westland's profits as of Sept. 30 were
$5.85 million, In its previous hscal
vear ended June 30, 1958, total prohts
were $3.93 million, After deductions,
there was a net profit of $3.58 mil-
lion, an increase of $1.82 million over
1957-58. Dividend has been doubled
to 129%.
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Sen. Long Charges Defense Patent
Policies Favor Large Contractors

Washington—Strongest opposition to
the proposal of a Senate Small Business
Subcommittee to put an end to all
patent privileges arising from  govern-
ment-financed  research  and  develop-
ment programs is coming from small
defense contractors.

On launching a study of patent poli-
cies, Sen. Russell Long (D.-La.), chair-
man of the subcommittee, charged that
the patent policies of the Department
of Defense are fostering big business
and prejudicing the position of small
business in the cconomy.

Defense Department reserves a roy-
altv-free license to use all inventions
developed under its contracts. Commer-
cial patent rights on the invention go
to the contractor. Long favors govern-
ment title to all inventions it inances.
This is the policy of Atomic Energy
Commission and National Aeronauntics
and Space  Administration, although
NASA has proposed a change in its
svstem to make it conform more closely
with the present Defense Department
policy (AW Dec. 14, p. 57).

Large defense contractors are gen-
erally satished with the Defense De-
partment patent policy,

Small Contractors’ Stand

Small defense contractors, on the
other hand, want contractors to have
exclusive proprietarv rights to their in-
ventions—with respect to the govern-
ment as well as to commercial sales.
This was developed at hearings before
Long’s subcommittee (AW Dec. 14, p.
25). Robert R, Lent, representing the
Strategic Industries Assn., an organiza-
tion of over 100 small and medium-size
defense contractors, told the subcoms-
mittec:

“. . . bevond any question our federal
satent  policies, far from aiding ‘big
|Im:-'.ir1-'::-::~:r through their liberalitv, actu-
allv. most seriously impair our rate of
scientific and technological progress in
the missile, weapon systems and space
explorations fields through their tight
repression on creativity,  All business,
big and small, today suffers most drastic
compromise to its creative productivity
through virtual elimination of incentive
for progress engendered by the recent
rapid erosion of our constitubional pat-
ent privilege,”

Lent protested that SIA members
have had to watch the Defense Depart-
ment award production contracts based
upon their imventions to their competi-
tors. As a result of “this confiscatory
federal patent policy,” Lent said that
“hundreds™ of small business firms have
already refused research and develop-
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ment comtracts o the defense held.

“Tragically, this s not a ‘rolden
age’ for science because the traditional
rewards for creative effort in this land
of opportunity have been ecroded away
through government usurpation of the
patent privilege,” Lent declared.

Discounting Long's contention that
patent rights create monopolies, |.ent
maintained that thev do no more than
cive a frm a temporary competitive
advantage. He added: “There simply
cannot exist a single, vastlv-supenor
iddea in the scientific ficld which corners
a whaole market.”

Aerojet Testimony

F. S. Reichard, director-contracts
of Acrojet-General Corp., supported the
present Defense Department patent pol-
icv because, he said, it “effectively pro-
Litbits” any monopoly on govermnent-
financed inventions with respect to sales
to the government but permits the
retention of a commercial monopoly by
the contractor. Reichard reported that
Acrojet’s inventions under defense re-
search and development contracts which
have commercial use have been few.
Out of the 337 patents the company
has obtained or apphed for on inven-
tions made during the course of govern-
ment contracts, he said, onlv three can
be described as commercial: the 15K5-
1000 commercial JATO unit, the 15N5-
250 Junior JATO unit and a pressure
sensing device.,

The reason defense rescarch and
development is concentrated in large
firms, Reichard said, 1s that the proht
margin is low and there 15 no assurance
of a follow-on production order. “The
productive capabilities of big business
. . . place small business at a disadvan-
tage in competing for contracts for the
production of items hcensed to the
covernment,” he said. “For this reason,
small businesses tend to develop their
own proprietary  products, necessarly
at their own expense, to ensure future
production . . "

If defense contractors are also denied
commercial patent nights on inventions
under defense contracts, Reichard smd
“an ¢ven greater proportion of govern-
ment-inanced research will be left to
the larger firms, and small business will
he compelled to an even greater extent
to sponsor 1ts own research in order to
acquire the proprietary position which
thev must have in order to compete.”
[Te added:

“Small businesses are in most in-
stances dependent upon a proprietary
position of some sort whether it be
patents or unique know-how for their
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ON OTHER BENDIX
COMPOMNENT PACKAGES

'CONTROL AMPLIFIER

Electronic unit, size of cigarette pack-
age, amplifies small error signals.

e o ¥

This is a compact, modular electronic
control amplifier that boosts small
error signals to power electro-mechani-
cal components, providing a gain
factor of 500. Hermetically sealed in
nitrogen and hydrogen. Latest design
techniques result in direct 115-volt,
400-eps excitation with lower power
consumption than on conventional
bridge-type amplifiers. Meets a wide
range of applications due to low power
consumption, high gain, load capacity,
and compactness, Ask for full details.

LOW-PASS FILTER-AMPLIFIER

Advanced circuitry provides extended
operating range.

R T
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The amplifier 15 a keyed, plug-in,
modular eard assembly incorporating
latest in transistor and silicon diode
circuitry. It amplifies low-level 400-
eps modulated signals and produces a

400-eps modulated output signal hav- |

ing a time lag of approximately 0.1,
3.6, 10, or 15 seconds, depending on
external connections. Where memory
funetions are not required, eliminates
need for electro-mechanieal assemblies
by providing either synchronization
or data smoothing in the amplifier-
computer, Compact design and ex-
tended operating characteristics make
for flexibility of application. Write
for details.

Manufocturers of
GYROS = ROTATING COMPOMENTS
RADAR DEVICES = INSTRUMENTATION
PACKAGED COMPONENTS

Eclipse-Pioneer Division

Telerbora, M. J.
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This 15 the twenty-seventh of a series of advertisements dealing
with basic facts about alloy steels. Thoupgh muchk of the in-
formation is elementary, we believe il will be of interest to
many in this field, including men of broad experience who
may find it useful to review fundamentals from time Lo time.

Cold-Finishing of Alloy Steels:
The Eftfect of Cold-Drawing

The cold-drawing of alloy bars was
discussed in the previous advertise-
ment, No. XXVI in the series. Here,
we continue with a general explana-
tion of the effect of cold-drawing,

During the cold-drawing process,
certain changes take place in the
steel structure, and in mechanical
properties. There is a slicht increase
in tensile strength, compared with
a substantial increase in yield point,
and a decrease in ductility. These
properties enable the production of
small parts which require the greater
strength necessary for certain auto-
matic-machine forming operations,
and a machine finish superior to
hot-rolled material. Naturally, the
beneficial effects of alloy steels are
attained in the subsequent heat-
treatment of parts.

The process of cold-drawing re-
sults in bars which are free from
scale, accurate to shape, and within
close tolerances. These conditions
are 1deal for automatic machining,
as the elimination of scale i1s con-
ducive to long tool life, and the
accuracy of shape and close toler-
ances permit the bars to pass freely
through the feed mechanism of the
“automatic.” Moreover, the cold-
drawn finish and tolerances may be
such that machining can be elimi-
nated in some areas of the finished
part. For example, sparkplug shells

BETHLEHEM STEEL

are produced from hexagon bars
which require no machining on the
hexagon sections.

Continuous roller hearths and car-
bottom furnaces of both standard
and controlled-atmosphere types,
are used for special treatment of al-
loy bars before cold-drawing. Ther-
mal stress-relieving can be used to
reduce residual stresses in the steel
caused by the cold-drawing process,
wherein the mechanical properties
will be altered depending upon the
temperature used.

If yvou would like more specific
details about the chemical compo-
sition or mechanical properties of
cold-drawn alloy bars, and the re-
sults that can be expected, by all
means consult our technical staff.
Bethlehem metallurgists will gladly
help vou workout any problem, with-
out cost or obligation on your part.

Remember that Bethlehem pro-
duces a wide and complete range
of cold-drawn alloy steel bars in
rounds, hexagons, squares, or flats,
in standard, odd, decimal or metric
sizes required, as well as special
sections. Bethlehem also makes the
full range of AISI standard alloy
steels, and special-analysis steels
and all carbon grades.

BETHLEHEM STEEL COMPANY
BETHLEHEM, PA,

Export Distributor:
Bathlehem Steel Export Corporation

continued existence and future growth.
They could not survive and grow it
forced to compete with so-called big
business 1n an open, erLIja f_umpthu
market.”

The case in favor of giving the gov-
ernment full title to all -r-rm.nmuntf
financed inventions was pru:.nt:.t! to the
subcommittee by D. IHamberg, pro-
[essor of economics at the Umiversity
of Marvland. Hamberg said:

“\We are faced with the unconscion-
able situation i which the federal gov-
ernment taxes the citizens of  this
countrv to secure funds for scientihe
rescarch on the grounds that such re-
search promotes HI-L general weltare and
then tums the runlt'-, of such research
over to some private corporation on
an  cxclusive, monopoly  basis.  'This
amounts to puh]ic taxation for private
privilege. a policy that is clearly in
violation nf the basic tencts of any
cdemocracy.

Acquisitions
And Mergers

Olin Mathieson Chemical Corp. has
acquired full ownership of Almeteo,
Inc., by purchasing a one-half interest
formerly held by Textron, Inc. Almeteo
operates an aluminum extrnsion plant
at Nesquehoning, Pa.

Electrosnap Corp.'s proposed mer-
ger into Controls Co. of America will
he submitted to stockholders of both
companics Dec. 28, Under the proposal
cach five shares of Electrosnap common
stock will be converted imto six shares
of Controls Co. of America common,
resnlting in issuance of 110,400 shares
of Controls stock. Elcctrosnap is a Chi-
cagno  manufacturer  of  hermehieally
sealed switches and assemblies, snap
action switches and control panel as-
semblies of illuminated switches and
mdicators, Controls Co. of Amenca
manufactures automatic controls and 1s

located in Schaller Park, 111.

Harris Intertype Corp. has made an
agreement for acquisition of ]"nlj."rvr.:ch—
nic Research and Development Co.,
producer of microwave test u[mpmult
tor advanced work in communications.

from  the Polvtechnic Institute  of
Brooklvn, N, Y,

Chromalloy Corp., White Plans,
N. Y., has acquired Sintercast Corp. of
America, Yonkers, N. Y., producer of
boron, tungsten and titanium  com-
pounds, special tool materials and nu-
clear reactor metals.,

Leach Corp. has purchased the Flee-
tronics Division of Pendar, Inec.., Van
Nuys,  Calif.,,  which  manufactures
static switching, timing and annunci-
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ating devices. The acquisibhon will be
combined with the Leach Relay Divi-
sion headed by G. I, Roswell, general
manager, but will function as an aper-
ating division with Walter 1D, Scllers as
manager of operations.

Midland-Ross Corp. of Cleveland
has  purchased Surface Combustion
Corp. of Toledo, Ohio, including its
Janitrol Aireraft Division in Columbus,
Ohio. Jamtrol personnel, policies and
operation will reman unchanged. Mid-
land-Ross  produces automotive com-
ponents, process industries equipment,
heat-treating equipment for glass and
metals, and atmosphene control equip-
ment. Janitrol produces heat exchang-
ers, pnenmahic controls and duct coup-
lings, combustion and liguid heaters,

‘inancial Briefs

Radwation, Inc.. Melbourne, Fla., has
filed a registration statement with SEC
secking registration of Certihicates  of
Interest evidencing options to purchase
27.000 shares of its Class A common
stock, together with  the underlving
Class A shares. In 1957 Homer R
enms, president, and George S. Shaw,
vice president, sold to Kohn, Loeb &
Co. and Johnsen, Lane, Space & Co.,
Inc. transferable options  to  purchase
at 516.50 per share an aggregate of
27.000 common shares (subsequently
converted mto 27,000 Class A shares)
of Radiation. Interests in the options
are now cvidenced only by Certificates

of Interest, which are  transterable.
Kuhn, Loch & Co, has transferred all
its interest in the aption to varions of
its partners and certain other persons.
Because certain holders may sell the
certificates of the Class A shares upon
excrcise thercof, Radiation has under-
taken to register same.

Acrotest Laboratories, Inc., College
Point, N. Y., has purchased the 56-7
million test cell facilities of the Gas
Turbine Laboratory of Fairchild Engine
Division at Deer Park, N. Y. Purchase
also involves acquisition of Acrotest
stock of TFairchild, Consolidation of
Acrotest’s Test Engine Division and 1ts
new Advanced Propulsion Dwision at
Deer Park will be effective the frst of
the vear. 1. D). Browne will be chick
cngimeer of the new division.

Electronics Capital Corp., San Dicgo,
Calif., has purchased $400,000 seven-
vear convertible debentures of General
Flectrodvnamics Corp., Garland, Tex.
The debentures are convertible into
47 % of General Electrodynamics’ com-
mon stock. Proceeds from the finane-
ing will be used fnr uaning capital to
fulfll the company’s increased hacklog
and for its continued grrml‘h Ilec-
tronics Capital Corp. 1s the nation’s
largest *-.nmh husiness mmvestment com-
pany and the first publicly owned: Gen-
eral Electrodvnamics designs and manu-
factures precision electron-optic devices
and 1s a prime contractor to the FAA
for scan-converter tubes.
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USMC to Evuluute Anh-Tnnk MIEEI'E
Cobra lightweight anti-tank missile, developed by Boelkow Entwicklingen K.G. of Muanich
tor the West German army, will be evaluated by U.S. Marine Corps nest momth

(AW Dec, 21, p. 23). Cobra has range of 2,000 vards and travels at maximom velocity
of 191 mph. It can be fired from the ground and is wire-gnided from a small control hox;

cruciform wings serve as lannching platform,

Missile is 30.7 in, long.
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COMPARE THE COMANCHE'S CABIN

YOU’LL SEE WHY IT’S THE MOST COMFORTABLE

The Piper Comanche far ‘outsells all other single-engine,
retractable-geared business airplanes. Why? Performance,

price, reliability, rugged construction, of course. Superior
comfort, too.

Smart aircraft purchasers know that comfort is perhaps
the most important feature to check. A cramped cabin, with
shoulders rubbing shoulders... knees nudging seats...can
make a trip seem twice as long. Only the Comanche gives
you the comfort you want for the many hours you'll “live”
in your airplane. Extra inches all around give added room
where it counts.

NEW COMFORT FEATURES FOR 1960
NEW SEATING COMFORT. New 3-position reclining front seats,

MNew optional head rests,

NEW CABIN AIR SYSTEM. New rear cabin heaters, new side win-

dow defrosters. Completely new, quieter 10-vent air system.

TPER

MORE PEOPLE HAVE BOUGHT PIPERS
THAN ANY P‘I’HEH PLANE IN THE WORLD

" i

SINGLE-ENGINE BUSINESS AIRPLANE FOR YOU

.
=

Generous baggage space and allowance are yours, too.
Only the Comanche gives you a huge 20 cubic foot baggage
compartment, with 200 pounds allowance. Biggest useful
load, too.

When you compare performance, comfort, price, oper-
ating and maintenance costs, your logical choice 15 the
Comanche — either the super-economical 180 horsepower
model or the over-three-mile-a-minute Comanche 250. Both
have Lycoming engines, world’s finest,

See and fly the new 1960 Comanche at yvour Piper
dealer’s or write for new full-color brochure, Dept,W-14,

ATTRACTIVE LEASE
AND FINANCE PLANS

AIRCRAFT CORPORATION

LOCK HAVEN, PENNSYLVANIA

WHO'S WHERE

(Continued from page 13)

Changes
Capt. George F. Baird, manager of Aight

test, Amencan Airlines” Jet Mamtenance
and Engineering Center, Tulsa, Okla.

Philip J. Koen, dircctor of planning, Hofi-
man Electronics Corp., Los Angeles, Calif.

Joseph H. Hannigan, director of radar and
infrared communications, Technical Liaison
Division, National Company, Inc., Malden,
Mass,

Hughes Aircraft Co., Culver City, Calif,,
has announced the following appomtments:
David A. Hill, manager, Semiconductor Di-
vision, Hughes Products Group; Llovd H.
Scott, manager, Santa Barbara Research Cen-
ter, a subsidiary; L. James Levisee, director
of materiel, general ofhice.

William E. Maschal, assistant to the vice
president-commercial programs, Douglas Air-
craft Co., Santa Momca, Calif.

Rear Adm. A. B. Metsger (USN, ret.),
assistant to the president, The Marquardt
Corp., Van Nuys, Calif.

Lockheed Missiles and Space Division,
Sunnyvale, Calif,, has announced the fol
lowing appointments: Dr. Wavland C. Grif-
fith, assistant dircctor of research; Robert H.
Gibson, production and services manager-
Polaris; Maurice Tucker, associate director
of research for spacecraft and mussiles; ]J. R.
Weiner, associate director of imformation
processing and computers.

Thank You. Again... .

RICHARD WHITE

A6 11 DUCHESS TRAIL
DALLAS 29, TEAAS

for the biggest
sales year in

the history of

IDROAIRE

Aviation Subsidiary of CRANE
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CORPORATE
LONG-RANGE
PLANNERS

Aerojet-General Corporation, builder of rocket engines, missile and
space systems, anti-submarine warfare systems, and nuclear systems,
has established its Corporate Long-Range Planning Division in
Monterey, California, a coastal community 125 miles south of San
Francisco. The site has been selected as desirable from the personal
standpoint and best adapted to imaginative, constructive professional
work,

The compact group of specialists constituting the Long-Range Planning
Division develops courses of action directed toward continued corpo-
rate growth, A few exceptionally well-qualified individuals are needed
to complete the group. Those selected will possess the capacity tor
independent, imaginative thinking and demonstrated broad experience
in one or more of the following areas:

Interpretation of military requivements, based on specific under-
standing of the problems confronting the military services and
of the process by which requirements are translated inte systems
aned techniques.

Application of operations research techniques to military and
non-military sitwations, resulting in determination of optimum
conrses of action from both corporate and customer points of
viel,

Study and application of ecenomic factors to national and
corparate problems.

Application of engineering management technigues to problems
of corporate organization and procedure, particularly as they
affect growth and marketing potential,

In great depth and breadih, the evaluation of new concepts to
meet military rvequivements and the application of curvent
scientific advances to modern technological problems.

Presentation of advanced concepis, using graphic and other aids
ta achieve understanding and appreciation of complex solutions
and recommendalions,

Detailed resumes are solicited only from exceptional individuals with
demonstroted ottoinments. Salaries will be commensurate.

Write: Aerojet-General Corporation, Director of Scientific and
Engineering Personnel, Box 296F, Azusa, California. Attention:
L. L. Thompson,
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A SUBSIDIARY OF THE GEMNERAL TIRE & RUBBER COMPANY

AZUSA, CALIFORMIA . SACRAMENTO, CALIFORNIA




