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BRUNSWICK

proudly announces
the acquisition of

L] : -
4%
i -

PHILBRICK-STRICKLAND LAMINATES, INC.

Philbrick-Strickland has contributed
to the radome field an entirely new
concept of radar housing for aireraft
and guided missiles. The ultra-
advanced facilities and processes
acquired by Brunswick permit the

fabrication of filament-wound struc-
tures with skin thicknesses held to
tolerances impossible to achieve with
conventional manufacturing tech-
niques. Manufacturing controls
hitherto unknown result in greater

strengths, in general, and produce
radomes of vastly improved electri-

cal performance and reproduceability.
Address: Brunswick-Balke-Collender

Company, Aviation Division, 623 S.
Wabash Avenue, Chicago 5, Illinois.

BRUNSWICK

MAKES YOUR IDEAS WORK

PAGES FROM AN ENGINEER'S WORKBOOK

Howto Engunoen, o
sale "ain. Hrob”
Wg.sw%e%
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THE SOUND ANSWERS COME FROM

GOOD//YEAR

AVIATION PRODUCTS

TO IMPLEMENT YOUR SYSTEMS’ ENGINEERING!

ADDRESS: Goodyear, Aviation Products
Division, Akron 16, Ohio, or
Les Angeles 54, California




If you're spending

this mu:h..........,...

for lightweight
tooling metals

; f

It's true! Dow magnesium tooling plate costs up to
35% less than other lightweight tooling metals. The
fundamental characteristics of magnesium permit
rolling and oven thermal flattening to a degree of
flatness and surface smoothness satisfactory for vir-
tually all tooling uses. This flatness is not obtainable
in other lightweight tooling materials without costly
machining of the surface.

You actually save money fwice with magnesium be-
cause it costs less to fabricate, too. Magnesium 1s

AVAILABLE FROM STOCK AT:

Copper and Brass Sales, Inc., Detroit, Michigan
Fullerton Steel and Wire Co., Chicago, lllincis
Hubbell Metals Inc., St. Louis, Missouri

SEE THE DOW DISPLAY at the Philadelphia ASTE Show, May 1-8, Booth 1633.

YOU CAN DEPEND ON
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you can do the same job

¥ ...... for this much with

DOW NMAGNESIUM
TOOLING PLATE

the most machinable of all tooling metals. It's easy
to cut, to weld, and to handle in the shop, and light-
weight magnesium tools make more efficient workers,

Investigate, and you will find that magnesium cosTs
LESS TO BUY, COSTS LESS TO FABRICATE, COSTS LESS
To wsk, Get the whole story from your Dow mag-

nesium supplier. Contact him today or write to THE
pow cHEMmICAL company, Midland, Michigan, Dept.

MA 1428K.

A. R. Purdy Co., Inc., Lyndhurst, New Jersey
Reliance Mognesium Company, Los Angeles, California
Vinson Steel and Aluminum Co., Dallas, Texos

AVIATION CALENDAR

Mar. 24-26—Annual Meeting, Aero Medical
Assn., Statler Hotel, Washington, D. C.

Mar. 24-27-Institute of Radio Engineers,
National Convention, Waldorf-Astoria
[Hotel and New York Coliseum, New
York City.

Apr. 8-10-Eighth International Svmposia,
Electronic Wavegnides, Engineering So-
cities Bldg., 29 W. 39 St, New York
City.

Apr. 8-11—=National Acronantic  Meeting,
Society of Automotive Engimeers, Inc,
Hotel Commodore, New York, N. Y.

Apr. 10-11—Aeronautical Training Society
Annual  Meeting, Mayfower Hotel,
Washington, D, C.

Apr. 10-12=Southwestern Institute of Radio
Engincers Conference and  Electromic
Show, St. Anthony Hotel and Municipal
Auditonum, San Antonio, Tex.

Apr. 14-17—Design Engineering Show and
four-day conference sponsored by the
American Society of Mechanical Engi-
neers, International Amplatheatre, Chi-
cago, III.

Apr. 16="Inductive Testing Requirements
of Contacts Used in Aircraft Electric Sys.
tems, Al Trbovich, Hartman Electrical
Mtg. Co., Engineers Club, Philadelphia.

Apr. 16-19-14th Annual National Forom,
American Helicopter Society, Sheraton.
Park Hatel, Washington, D. C.

Apr. 17-18=Institute of Environmental En-
gincers, Second Annual Technical Meet-
mg, New Yorker Hotel, New York City.

Apr. 22.24-1958 Electronic Components
Conference, Ambassador Hotel, Los An.
geles, Calif,

Apr. 22-24-1958 Annual Convention. In-
ternational Airline Navigators Council,
Piccadilly Hotel, New York, N. Y,

Apr. 28.30-Sccond Annual  Astronautics

(Continued on page 6)
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superior
resistance

to shock
and vibration

CEC’s pot pressure pickup

e

for missile applications [*
The extremely rugged Type 4-380 Potentiometer Pressure _‘I';"':
Pickup—ideal for operation in a high-vibration pot

environment —measures absolute and differential pressures |

of non-corrosive fluids up to 100 psi, operates at |

temperatures from *-65°F to --200°F. An inherently f.
high-level d-c output eliminates the need for impedance- |
matching or signal-amplifving equipment, Pressure f

medium is admitted directly to a force-summing ! .

capsule and remains external to the potentiometer -
system, The 4-380 is half the size of typical /é |

potentiometer pickups...weighs only § oz.
Call your nearest CEC sales and service office, ﬁ
or write for Bulletin CEC 1604-X6. i

Transducer Division

@ Consolidated
Electrodynamics

300 North Sierra Madre Villa, Pasadena, California
RECOGRIZED LEADERS IN GALVANOMETERS

TELEMETRY, PRESSURE AND VIBRATION

INSTRUMENTATION
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0¥ AR é 1 (Continued from page 5)
LA W Ao 1 Conference, sponsored by Air Force Office
| " Ll e { of Scientific Research and Institute of o
Aeronautical  Sciences, Shirley Savoy
Hotel, Denver, Colo.
POWER May 1-8—26th Annuval Meeting, American
| sSociety of Tool Engineers, Philadelphia
| Convention Center, Philadelphia, Pa, :
STEERI"G May 4-7=Fourth National Flight Test In- ]
strumentation Symposium, Park Sheraton
Hotel, New York City.
May 5.-7—=1958 National Symposium, Pro-
fessional Group on Microwave Theory ’
and Techniques of the Institute of Radio
: Engineers, Cubberley Auditorium, Stan- e Sa et Lok 6o
nﬂilgﬂﬂ'd hf . ' ford Uﬂi\'trﬁ-il'j.'. Stanford, Calif. ARIABLE DISPLACEMENT  HYDRAULIC: PUMP
:‘ !” :ﬂ | May 10-14-16th Miami-Havana Air Cruise S
A‘Eﬂﬂ Fﬂﬂﬂ”"fj’ fﬂf sponsored by the Florida Air Pilot’s Assn., |
Miami, Fla. :
’ : May 12-14—National Conference on Aero- —--HETRC_EFFiciency 1.m
is opening new horizons in the field of aircraft and guided nautical Electronics, sponsored by Insti- | 11ec
missiles for the world today . . . for the universe tomorrow i_;'t"’:t“f R{;‘]‘ii” Engineers, Biltmore Hotel, | 6 180
ayton, Ohio. =
May 14-16—5prning Mecting, Society for Ex- i mﬁ
POSITIVE CONTROL OF NOSEWHEEL STEERING perimental Stress Analysis, Hotel Manger, 6 __DELIVERY m§
Cleveland, Ohio. B2k w5l 50 4° 110
IS THE BASIS OF SAFE GROUND MANEUVERING e wdl Fiianl il i i
, . ; nece, Society of Acronautical Weight En- w G |
CLEMCO'S remarkable Rotary Actuator, when incorporated in a “.“f’ : 5 &
steering and damping unit, provides the Greatest Uniform Torgue %12:']:‘ rﬁ;q['!;;" Belmont Plaza Hotel, New § 2| 3 4%
and Lowest Internal Leakage for a Given Envelope Size with Mini- L hce : " e 2t 14
o Baciash. CLENICO has FROVED noahd Sieing i Mt B TN Mot ooy O
| Damping components need NOT be awkward, bulky, or heavy. Yo '}-lir-Fmtrth Frcherria i) :"'mtnmatiﬂn i st 4 |
The remarkable CLEMCO Rotary Ac- Exposition and Congress, Coliseum, ' 0 it 8. W ppo ft B B g WA RN 5000 s
tuator is cnntrn!Ied by v_alving which N.Y., NOY. Sl - - g
dl‘ﬂj#ﬂ on experience ﬂEhI]E from the June 16-18—5econd National Convention
beginning of aircraft steering through on Military Electronics, Sheraton Park
the most complex computors and Servo- Hotel, Washington, D, C. Characteristics of Pump lllustrated
mechanisms of today’s guided missiles. June 24.26—31st Mecting, Aviation Dis. e Flow: 6 gpm
This permits compact configurations tributors and Manufacturers Assn., Mount
which will meet almost any require- Washington Hotel, Bretton Woods, ¢ Speed: 12,000 rpm rated, overspeed to 18,000 rpm,
ment. N. H. rapid acceleration.
CLEMCO power steering and June 25-27—=Air Tm"fﬁpﬂftﬂtinr} Eﬂllfﬂi.':'"."ﬂ'-. - ® Temp. Range: —65° F to 550° F inlet and ambient.
{]ﬂm]}ing CﬂmPUnEntE can Drﬂ' :F,ﬂ"fﬂ;Ed .ll:.'l}" hnjﬂlr}[lﬂin] I!:]Si_;n:.;'ltn |:]g EI?E_ SIIEE a“ﬂ Eﬂpa'ﬂitiEE ﬂﬂsig “E‘d ® Inlﬂ Fr“:urﬂ: ﬁ-ﬂ P;iﬂ.
th : o alifE , rical Engineers, Hotel Statler, Buffalo, . : 2
S;ETI}' iﬂ-ﬂl?' 1i?l;$ELE?1fiﬁuﬁnnE§f N. Y. For information: 8. H. Hanville, to meet your requirements ® Discharge Pressure: 3000 psig.
shimmy. CLEMCO “know Jack & Heintz, Cleveland 1, Olo. . _ e Cutoff: Maximum full flow pressure to zero flow pressure
how” has almest eliminated July 4-6—All-Amenican Aviation Exposition, This new Sundstrand hydraulic pump successfully meets the within 50 psi.
Internal Leakage and Static County Airport, Pittsburgh, Pa, For de- need for a lichtweight, compact unit capable of operatia Disol . 0.125 cu/i
Friction. Call or write CLEM- tails write: All-American Aviation Exposi- 5 shty : P ‘ . P : P E ® Displacement: 0. Cu/in. rev.
CO taday. Let CLEMCO help tion, Fxecutive Headquarters, 210 Semple at elevated temperatures with high Iehabllxr}r- Note chart 1t ® Weight: 5.0 Ib.
you with your ground control st.. Pittsburgh 13, Pa, is rated for service to 550° F inlet oil, as well as ambient ® Size: 4.344” over-all length, 4.452" over-all width.
problem. July 4-8—12th Anpual All-Woman Trans. R - ;
continental Air Race from San Diego, emp 1'-'1’-":11:"1'- ¢ Lubricant or Fluid: Any of those common to aircraft
Calif., to Charleston, S. C. For informa- In addition to the .125 cu. in pump illustrated, other sizes applications.
2 : tion write: ~""~"'1"1"r'_?£;=1" TT‘-"“ﬂéﬂ"_“““g-ﬂ will be available as required. e Volumetric Efficiency: 949, at rated speed and pressure.
CLEMCO AERO PRODUCTS, INC. are furnishing the leaders of ;L\;rnuﬂﬂfaii"nlcllhr.bglif Last Bpring At The new pump is a result of a continuing Sundstrand pro- ¢ Mil Specs: Characteristics conform te MIL-P-7740B
the aircraft and missile industry with the following: Aug. 1922—Western Elcctronic Show & gram which is crossing previous temperature barriers for Type IV System.
ROTARY ACTUATORS PROPRIETARY DESIGNS OF Convention, Institute of Radio Engineers, ' _ iri i in hieh-
POWER STEERING UNITS HYDRAULIC AND PNEUMATIC Ambassador Hotel, Los Angeles, Cﬁlif. hydramlic comy ﬂnenrs.. Ilnqumes on requirements in high T e - R e e ]
FLUTTER DAMPERS UPIES FOR A AR AN Sept. 1-7=1958 Famborough Flying Display temperature areas are invited, | Sundsirand Avistion |
MISSILE FINS AND SPARS COMMERCIAL AIRCRAFT AND MISSILES i Wbt Socsty of British Air- Mail coupon for EEJ-[TIF]E[E' technical data on the new I ra i |
- - . : A : : . 2411 Eleventh 51, Rockford, Ill.
' craft Constructors, fnrnhnr:mgh, }'.IIE]IEI'I-'IEI- SundEUﬂﬂd PumP fﬂf hlghvt:mpﬂ'&[ul‘: SEIVICE. l I
Write for complete Clemco folder to Sept. 6-14—International Aviation Show, | Please send data on pump for 550° service. |
Coliseum, New York, N. Y. .;ﬁ'% | |
[‘ !” m Sept, 8-13—First International Congress of & N | M = |
the Aeronaohcal Sciences, Palace lHotel, A SR, | |
Madrid, Spain. SUNDSTRAND | |
AE ﬁ ﬂ F H ﬁﬂ ﬂ f r ; g ! ﬁ [: Sept, 12445]‘155 Meeting, Professional 5 H u | Company |
210 E. Manville St., Compton, California Gronp on Telemetry and Remote Con- 7 T AVI ATI n N | |
trol, Amencana Hotel, Bal Harbor, Miam» pd L | Address . |
Beach, Fla, b l |
. " - il Oct. 27—14th Annual General Meeting of - ; : | City State. - |
- e —— — ) the International Air Transport Assn, Division of Sundstrand Machine Tool Company, Rockford, lilinois | [] Immediate [] Reference |
MNew Delhi, India, Sundstrand Turbo, Denver, Colo. * Western District Office: Hawthorne, Cal. (N U T = . T DI W IS ]
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seeciFY AinDE Sapphire

. Over 3.000 Tlmmpsnn Treads have met the severe test includes tire sizes for most every ﬂirpl:mf oW ﬂ}’iﬂg
of retread strength under the great weight of the mam-  or in production. With 3 plants and a network of de-
LINDE Sapphire is... LINDE Sapphire has... LINDE Sapphire is . , ;
: moth Douglas Globemaster to prove again the suita-  livery offic |
Hard —Moh 9 Strength at elevated temperatures  available as... T & o P & ry offices, Thompson is the truly dependable retread
Transparent, single erystal, pure High melting point — 204" C, Windows bility and su periority of Tlmmpiﬂn treads for heavy source prm-'idiﬂg Extra-Landin g1 Retreads and the new
aluminum oxide . Excellent IR transmission Domes commercial turbo-prop and jet airliners, Jet-Tred.
Nonporous—{% porosity at high temperatures Rods and tubes

Easily sealed to metals and ceramics (above 500° C.) Special shapes —to order” As the world's largest retreader with precise knowl-
Priced competitively with ‘ i | edge of retread performance under all test and service

sintered materials For more information about Linpe Sapphire . . . Write “Crystals Dept, i ,
.'l.‘.:i'.:i:i"' I_.[:'l.l'"i_: 1_:”1.”)_1‘_-_\;3-_ [}i\"i."-i{}]'l i.'lf [_'ni”" [_:ﬂl'lli‘!ll.l:' Ei}l'[lnn-ﬂim}. ) Eﬂﬂdltlﬂﬂs., Thﬂlmpsﬂn 11LLLIT£1EE'1}' LI&SIE”& I:I:I'id ITIﬂ.ﬂLleE—

East 42nd Street, New York 17. N. Y. In Canada: Linde Company, tures a tread that lasts longer, saves costly wheel
Division of Union Carbide Canada Limited

changes and is safe. The range of Thompson retreading

International Airporl 330 Ray Sfree!
San Francisco 7, California Miami 48, Flerida Freeport, Mew York

ENGINEERS AND SCIENTISTS interested in work-
ing in Synthetic Crystal Sales & Development, contoct
mr. A. K. Seemonn, Linde Company, 30 E. 42nd 31,
Mew York 17, N.Y.

UNION

CARBIDE

The terms “Linde™ and **Union Carbide™ are registered trade-marks of Union Carbide Corporation 18th and Minnesola Sireels



Any Time, Anywhere, Any Weather "¥sation s

/ One look and the pilot KINOWS.
In a glance he reads actual ground
speed and drifc angle.

This vital data, never before avail-
able, is displayed on the fAight panel
automatically and continuously.

The dials "read” the key unit in

Gl‘ﬂunﬂ SI]EEE' & Driﬂ A"EIE GPL’'s revolutionary Doppler auto-

you are and how to get where you're
going. The systems operate entirely
without ground aid or celestial fixes,
have proved themselves globally in
millions of operational miles.

GPL's auto-navigators are the re-
sult of GPL's harnessing of Doppler-
effect to air navigation—an achieve-
tems. Other phenom- mént comparable in magnitude to

enal units in chese systems tell where the breaking of che sound barrier.

RADAN joins

Today’s military and jet-liner crews have an
added member — an 80-pound navigator named
RADAN!*

Guiding the plane with pinpoint precision: tell-
ing the pilot his exact velocity second by second:
working automatically, continuously, without fatigue
— RADAN takes a big load off the rest of the crew.
More important, it aids immeasurably in the success-
ful completion of military missions.

RADAN navigators are members of the famed
GPL family of Doppler systems developed in conjunc-
tion with the USAF (WADC). GPL auto-navigators
have literally revolutionized flight. They are the only

“Trademark

ENGINEERS — GPL achievements have opened up some unusual research

10

the jet crew

self-contained systems in the world proved over mil-
lions of operational miles.

Recent release of RADAN Systems for civilian
use now makes their benefits available to everyone.
RADAN saves time and precious fuel for the air lines,
provides a priceless margin of safety for all.
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GENERAL PRECISION LABORATORY INCORPORATED, Pleasantville, N. Y.

and HE'UEI‘E'FIMEI'I'.. dpportumties, Send resume to- Fnrﬁ_n"-nnl Mﬂl‘lﬁﬂﬂr.
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Companies Vie for Minuteman Contract........ .. 18
» At least six contractors compete for airframe; Thiokol, Aerojet,

Astrodyne developing engines.

First Jets to Use Interim Facilities. . . ............ 28

® Only San Francisco is completely ready to handle passengers
when the airline begins 707 service next year.

Work Helps Man Endure Space Isolation. ... ...... 31

> Simulated moon flight shows that man con overcome psychological

hozards if he keeps his mind busy.

SPACE TECHNOLOGY

MANAGEMENT

Work Helps Man in Space.......... 37 Congress Approves Spending Limit. . .
Dulles Doubts Wisdom of Moon Lounch 19  Allison Propulsion Committee. ... ...
Pt. Mugu May be Spoce Bose. . ..... 21 Who'sWhere .........0ovvvrnenns
Nuclear Rocket Test Site........... 25 Industry Observer ...............
Washington Roundup ............ :
NaWE DIOORE oo aneinmmiinaniin
MISSILE ENGINEERING
Competition for Minuteman. .. ... .. 18
USAF Appeals Anti-Missile Decision.. 19 AIR TRANSPORT
#il’h“ E?E"“ Test Program.. ... %g Jets Interim Facilities
L | PR L e e B g
Ao Comple o Conaver. 1111 23 Sechrone Tope Spds Reservaons
Polorks op Betavent. ... ..o0s. 24 pilots Like “Golden Triangle' .. .
B A Airlift Report Urges Industry Action
USAF Group Gets Bomaorc Training. .. 45 Shortlines
Airline Observer ................
AERONAUTICAL ENGINEERING Airline Traffic—Janvary, 1958......
T58 Engine Refined for Wider Uses,. 52
Iﬁegi!h:gnrs Fl_:ll.lish fﬁrcAinn}i: EF'IIII'IE-. .. 265 BUSINESS FLYING
orts Assembly on Convair 880. .. .. 64 . g
Russions Disploy Rockets, Bombers.. 66 l?l:wlfir guillgl;:fi;:ﬁ‘;ﬁ:ﬁﬁ:‘ onthly
L 'I: W R o
Private Lines . .
AVIONICS
Arinc Group Opens to Industry. .. ... 27 Calendor ....... R R T
Stellar-Inertial Guidance........... o R R Y
EDITORIAL
Salute to Al Boyd. ............... 13

COVER: ROTI II long range photo of a 62 ft. Thor firing taken when missile
was at an 18 mi. altitude and 35 mi. slant range from tracking telescope. Lens
uscd has a 500 in. focal length. Linked diamond exhanst shock pattern is
expanded due to decreased atmospheric pressure at altitude; length of flame
is approximately 130 ft. ROTI Il tracking telescope which took picture i
located five miles south of Melbourne, Fli., some 30 airline miles from
Cape Canaveral lannching site. Second ROTT system was recently installed
at Vero Beach, Fla., and third system is nearing completion on San Salvador,
BWI., onc of the islands along the 5,000 mi. Air Force Missile Test Range.
ROTI tracking telescope systems are made by Perkin-Elmer Corp., Norwalk,

Conn,
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Link’s vast experience in the fields of electronics,
computers, simulators and associated systems is now
being concentrated on the urgent needs of missile
ground support equipment.

Unmatched experience, highly specialized engi-
neers, and modern facilities qualify Link to take on
thf: most demanding assignments. Together, they help
bring about original solutions to the unorthodox

pmia-:ts :::f}-:::day. Imaginative engineering has been
a Link attribute for a generation,

PHE

f

for tomorrow’s space g weapons systems...

|
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Electronic Ground Support Equipment

Link know-how has already resulted in major
projects, delivered hardware:

. Cjnrnputﬂrs * Missile Training Equipment
* Simulators * Component Assemblies
* Optical Systems + Go-No-Go Test Equipment

In these areas, in other missile ground support sys-
tems, Link electronics can provide the answer.

~ For a comprehensive brochure on Link’s engineer-
ing and production facilities, write to:
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LINK AVIATION, INC.

‘] BINGHAMTON, NEW YORK

e

L L i! i

EDITORIAL

Salute to Al Boyd

The future of manned flight vehicles now stretches
out mn an awesome curve to almost mhnite speeds and
destinations in outer space. Not so long ago many tech-
nical snake-oil salesmen were trving to peddle the pitch
that ballistic missiles were an “ultimate weapon” that
would obliterate manned flight vehicles from the future,
Knowledgeable observers aware of the “man in space”
research and hypersonic glider developments retained a
more accurate fix on the future which will surely see
a mixed bag of missiles and manned flight vehicles as
far ahead as anybody can reasonably predict.

This fantastic future of manned Right vehicles will
be built on a solid foundation of experimental knowl-
edge gained during the first decade of supersonic flight
(1947-57) which saw man hrst push a powered fight
vehicle literally out of the earth’s atmosphere envelope
into the fringe of outer space.

These pioneering flights of the Bell X-2 will be fol-
lowed next vear by concerted probing into space at
seven times the speed of sound by the North American
X-15 rocket research plane manned by company, USAF
and NACA pilots.

Progress of the U.S. during the first supersonic decade
has been a bright spot in an otherwise misty technical
picture.

This country was the hrst to Hly a man faster than
the speed of sound, the frst to reach Mach 2, the hrst
to put a straight and level supersonic fighter into opera-
tional service and the hrst to Ay a bomber capable of
sustained operations at Mach 2. At this writing, U.S.
pilots have flown higher and faster than anybody.

Ingredient for Success

One of the vital ingredients in this successful formula
for maximum technical progress in minimum time has
been a new breed of experimental test pilots and a new
philosophy of flight testing that changed this operation
from an empirical art into a reasonably exact science.
In this endeavor, the work of Al Bovd, a tall, lean
taciturn man from the Great Smoky Mountains of
Tennessee who wore the wings of an active Air Force
pilot for 28 vears, deserves special commendation. "The
significance of his efforts would be hard to find in his
own conversation or the record of his ofhcial honors
before his retirement from the Air Force last fall after
30 vears service. It can be found, however, in a myriad
of design details in military aircraft now flying on four
continents, in the sharp chmb of performance parame-
ters of military aircraft during the first supersonic decade
and in the achievements of a whole generation of test
pilots he taught and nspired.

There are some official benchmarks that provide a
clue to Al Bovd's efforts. He commanded the post-
war flight test section at Wright Field in 1945 when
the advent of reaction power and the first glimmer of
supersonic acrodynamics sparked the drive to push
piloted aircraft past the speed of sound; he established
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the flight test center at Muroc drv lake, and he organ-
ized the USAF flight test pilot school. He brought the
world speed record back to the U.S. in 1947 after it
had reposed abroad 24 years, and he directed the weapon
systems development concept both at Wright Field and
as a deputy commander of Air Research and Develop-
ment Command during his final years in a blue uniform.

Valued Opinion

He flew every type of U.S., British and French air-
craft of the post-war gencration, fittingly climaxing his
military Hying experience piloting the Convair B-58
bomber past Mach 2. During the first supersonic
decade, Al Boyd's opinion after flving a new aircraft
became universally accepted as the final word on that
vehicle. USAF did not buy a single flying machine in
the past 10 vears that Al Bovd had not flown and given
his personal stamp of approval, and few U.S. dollars
flowed to finance foreign aircraft that could not pass
his strict flight testing standards.

But the genuine value of his work and the real scope
of his influence does not emerge from the bare official
records. It glows rather in the talk around the design
shops and flight test centers in this country, England
and France and in the long hours of bull sessions with
the pilots who worked for him. The alumni of his
exacting school are now famous in their own right—
Pat Fleming, Dick Johnson, Glen Edwards (for whom
Fdwards AFB was named) Chuck Yeager, Pete Everest,
Austin Davis, Bob Hoover, Joe Lynch, Russ Schleel,
Guy Townsend, Slade Nash and many others. Some
of them have paid for progress with their lives and
others are still transmitting the Boyd teachings to the
second and third generations of supersonic test pilots
and the hrst generation of space pilots.

Perceiving the Need

“Al Boyd was really the father of modern flight test-
ing,” onec of his now famous pupils told me during the
course of a long mght aboard a transcontinental nonstop
homeward bound fight from Los Angeles. “He first
perceived the need for an enginecringscientist in the
cockpit with the ability to grasp the signiiicance of the
experiences encountered in flight and translate them
into state of the art advances. He taught us how to
take new aircraft way out to the ragged edge of their
performance possibilitics and to adequately report and
understand what we encountered there.”

A page such as this is much too short to adequately
sketch the character of such a man or catch the flavor
of his work. The Air Force has bestowed on him some
of its formal honors, and he 15 working now as an
industrial executive. But, wherever men fly either in-
side the atmosphere or out in space, they should pause
periodically in their work and think of Al Boyd who
made so much of it possible.

—Robert Hotz
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N FORGINGS
By WYMAN-GORDON

7
I’RECISIO

LENGTH 29"

LENGTH 30" LENGTH 49"

Precision . . . close tolerance .. . low-draft . ..
no-draft — these are relative terms and con-
siderable confusion has been created because
they have been loosely used. Close tolerances on large forg-
ings have been pioneered by Wyman-Gordon over the years.
The degree of precision which is practical now becomes a
question of economics.

The forgings illustrated are typical of Wyman-Gordon close
tolerance forgings that have been produced in quantity. In
solving problems of tolerances, design and metallurgical
quality, there is no substitute for Wyman-Gordon experience.

WYMAN-GORDON COMPANY

Established 1883

FORGINGS OF ALUMINUM ® MAGNESIUM e STEEL ® TITANIUM
WORCESTER 1, MASSACHUSETTS
. HARVEY, ILLINOIS e DETROIT, MICHIGAN
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WHO'S WHERE

In the Front Office

Dr. Llovd V. Berkner, president of Associ-

ated Universities, Inc., a director, Texas In-
struments, Inc., Dallas, Tex,

Joseph M. Loomey, Jr., president, Tech-

nology Instrument Corporation of Calif,
North Hollywood, Calif,

James Cox, executive vice president, and
Paul W. Booth, vice president-engineering,
Hobfman Laboratories, Inc., Hillside, N, ].

Dr. George L. Haller, a vice president,
Ceneral Electric Co., New York, N. Y.
Dr. Haller 15 general manager of General
Electric’s Defense Electronics Division, Svr-
acuse, N. Y. .

Dr. E, M. Baldwin, a vice president,
director, and general manager of Fairchild
Semiconductor Corp., Palo Alto, Calif.

Frank J. Phillips, vice president and gen-
cral manager, The Cyril Bath Co., Solon,
o,

Irving Green, administrative vice presi-
dent, Summit Industries, Gardena, Ezihf.

Charles Gundrum, executive vice presi-
dent, Electronics Division, Van Norman
ludustries, Manchester, N. H.

5. D. Heller, vice president, Ballistic
Missile Early Warning System service, Ra-
dioc Corporation of America Service Co.,
Camden, N, |J. K. M. McLaren succeeds
Mr. Heller as vice president, Missile Test
Project.,

Leon Parker, vice president, 11 I Thomp
son Fiber Glass Co., Los Angeles, Cahf,
Also: W. E. Benke, vice president-sales.

Claude B. Nolte, vice president-product
engineering and development, Barton In-
strument Corp.,  Monterey  Park, Calif.
Also: Everette M. Furr, factory superin-
tendent, and William 8. Christian, sales
'Iﬁ-ﬂ.llagtl'-

Edgar ]. Jones, vice president-research
and development, Metrx Corp,, Newton,
Mass.

John F. Strckler, Jr.. assistant to the
vice president and general manager of the
Pilotless Aircraft Division, Boeing Airplane
Co., Seattle, Wash,

Col. Harvey P. Huglin, Deputy Com-
mander for Development, Wrght Al De
velopment  Center, Wright-Patterson  Air
IForce Base, Ohio. Col. Donald B. Diehl
succeeds Col. Huglin as Deputy Com:
mander for Resources.,

Lt. Col. Francis ]. Karlin, Special As-
sistant for Ballistic Missiles, Headguarters,
Air Materiel Command, Wright-Patterson
Air Force Base, Ohio. Col. Karlin suc-
ceeds Lt. Col. W, H. Price, now Deputy
Air Force Plant Representative, The Mar-
tin Co., Denver, Colo.

Rear Adm. Fitzhugh Lee, Chief, Naval
Air Technical Training, Memphis, Tenn,

Paul k. Hovgard, assistant to the presi-
dent,-Heho Aurcraft Corp., Norwood, Mass.

Honors and Elections

Whitley C. Collins, president and chict
executive officer of Northrop Aireraft, Inc.,
has been clected 2 member of the board of
trustecs of the California Institute of Tech-
nology,

(Continued on p. 92)
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'INDUSTRY OBSERVER

» Radio-command guidance that will direct Convair's Atlas intercontinental
ballistic missile is expected to give the missile somewhat greater accuracy
than the inertially guided Titan ICBM. Estimated target miss distance for
Atlas reportedly is one-third to one-tenth that of Titan. However, Titan’s
inertial guidance permits firing of mass salvos whereas Atlas’ radio command
guidance limits the number of simultaneous launchings.

» First series of Navy's Polaris fleet ballistic missile may have ranges of less
than the programmed 1,500 mi. in order to meet present operational date
of October, 1960, for the initial submarine-missile weapon system, Specific
impulse of the solid propellant powerplant probably will be later increased
to fire Polaris well bevond the 1,500 mi. range.

> Best metal additive developed thus far to help raise the specific impulse
of the Polaris is powdered aluminum which is poured into and molded with
the solid propellant. At present, the additive represents between 109 and
15% of the total propellant weight.

> Atlas ICBM s trucked across country under pressure to keep its thin
skin from collapsing. Integral tankage is kept pressurized by bottled gas
transported on the cradle-like Atlas trailer.

» New Navy attack plane will launch its atomic stores by firing them from
a rearward-facing tube in the fuselage. New firing method is designed to
circumvent the serions problems involved in high supersonic bomb drops
from under the wing or out of a conventional bay.

P Complete Navaho intercontinental cruise missile was flown nine times
tfrom Cape Canaveral, Ila., following numerous flights by the X-10, test
vehicle for the cruise part of the missile.  Hardware remaining at North
Amenican Aviation Inc.’s plant at Downey, Calif,, will not be used in anv
contimuation of the Navaho program but mav be put to use in Air Force
space programs. Booster, using Rocketdvne engines, obtains 400,000 1b.
thrust before Navaho's ramijet engines take over for continued flight.

> Air If"ﬂ{'f{: may purchase a number of A3] supersonic attack aircraft now
being built for the Navy by North American Aviation’s Columbus Division.
('he plane is scheduled to be the largest ever to operate off an aircraft carrier.

» Lockheed 357 IIFLH new light fighter project in the same size categorv as
the Northrop' N156. Plane is being pushed heavily in Furope as having
the same general mission capabilitics as the N156 plus greater speed.

> Air Research and Development Command is considering the transfer of

its Ballistic Missile Division headquarters from Inglewood, Calif., to Edwards
AFB, Calif.

» Grumman F11F-1F aft fuselage is fitted with two retractable ventral fins
that automatically descend when landing gear retracts during takeoff to
avoid chance of pilot forgetting to extend them during later critical maneu-
vers,  Addition of two fins gives effectiveness to manv times the arca of
the plane’s vertical stabilizer, .

> Ford Motor Co. is considering feasibility of design for convertible auto-
mobile-aircratt with vertical takeoff and landing capability as part of its
overall planning.

> Iuel bay aft of cockpit in Lockheed F-104 incorporates no floor to sup-
port bladder-tvpe cells which drape over internal structure for maximum
volume,

» Solar Aircraft Co. is developing 50 hp. Titan gas turbine unit for one-man
helicopter and flying platform applications under Navy contract funded
jointly by Bureau of Aeronautics and Army. Two versions of development
include a constant speed YT-62 turbine and a variable speed YT-66 unit,
Engine components are already being tested.
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SILICONIES HIALN] HELPED...
DELIVER A HOT BLAST TO COLD JETS!

HOW THE

Get "em into the air fast! But, complex machinery must he warmed up... and
pumping high temperature, hizch pressure air into the jet engine melts ordinary hoses,
The solution: A tough, flexible hose with two inner layvers of high temperature
silicone rubber honded to an outer cover of closely woven “Dacron™ filer,

Developed by Quaker Rubber Division, H. K. Porter Company. Ine.,

Philadelphia, Pa., this hose utilizes UN1oN CArpBIDE Silicone Rubher to resist
temperatures from 450 to — 80 deg. F. Weizhing less than one pound per foot, it offers
great flexibility for ease of Imm]lm;:, and is highly resistant to abrasion.

This 1s another example of how the UNioN CARBIDE
Silicones Man has helped solve an “imposzible™ problem.
A booklet—"Look to UnioN CARBIDE for Silicones”
—deszeribes silicone rubber and many other silicone
products, Write Dept. Q-33 today. Silicones Division,

Union Carbide and Carbon Corporation,
30 East 42nd Street, New York 17, N. Y.

The term “Union Carbide™ is o registered trade.-mark of UCC,
In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Toronto 7, Ontario

UNION
4. \:{z]|p)J= SILICONES
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Killian Space Proposal

Watch tor Dr. James R. Kilhan, presidential scientihe
and technological adviser, to recommend that a new
civilian space agency be built around the existing Na
tional Advisory Cemmittee for Acronautics facilitics and
staff. Recommendation is expected to go to the President
withm the near future,

NATO: More Missiles

NATO countries will receive more missiles and  less
planes and conventional weapons under the Military
Assistance Program, according to testimony released by
the House I"oreign Affairs Committee last week,

The shift in Mili tary Aid Funds was revealed by Mans-
hield Sprague, Assistant Defense Secretary for "'thhln
Assistance Programs, and his deputy Charles H. Shuff.

Shuff said S144 million was originally planned for
missiles in Fiscal 1958 but that ﬂH. total had been in-
creased to S312 million.  "This will include $222 million
for WNike anti-aircraft massiles, 556 million for [Honest
John and 534 milhon for Corporals, Scrgeants, Side-
wingers and other missiles.

Employment Stimulus

Mounting unemplovment s spurring the Administra-
tion and the Democratic leadership in Congress to take
steps to accelerate defense programs to create jobs.

President Fasenhower savs contracts for military  pro-
curement and construction will be accelerated, with rate
of spending inecreascd by 55 billion during the first six
months of this vear as compared with the previous six
months, e directed this order of priorities in contract
letting: first, small business in labor surplus areas; second,
other firms in labor surplus areas; third, small business
not in surplus arcas. Deputy Defense Secretary Donald
A. Quarles has implemented this policy with a directive
to the three military departments.

In addition, a new clause is being inserted in defense
contracts urging prime contractors to give preference in
subcontracting to hrms in surplus areas if the sub-
contractors are qualified and if no price increase results,

Unemplovment hit a 16-vear peak in Febmarv with
6.7% of the total labor force without jobs, This com-
parcd with 25% dunng the depths of the depression
the carly 1950s.

Airport Acceleration

Civil Acronautics Administration plans to substantially
accclerate 1ts arport construction  program. CAA 15
authorized to make grants up to 560 million for domestic
projects annuallv—and expects to do it mm Fiscal 1938,
During the first cight months of the vear—through
Februarv—grants to local governments totaled approxi-
mately En million, an average S4 million a month. This
will be increased to an average of over $6.7 million for
the four remaining months to use the full 527 million
rermaining authorization,

Space Decline

Switch in emphasis from space to recession i the
House (AW March 10, 17) 15 also evident in the
Senate. A spokesman for Sen. Lyndon Johnson (D.-Tex.)

Washington Roundup
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chatrman of the Senate Preparedness Subcommittee, said
last week that a subcommittee staff has not been selected
but that the committee was “planning.” Earlier, John-
son called for immediate action on the part of evervone
to put the U. §. back in the race for outer space. Mean-
while, in the House, which was slower in establishing
a space commuttee, George Feldman, New York and
Boston attornev, has been named director and general
counsel of its Special Committee on Astronauties and
space Exploration. A spokesman for Rep. John W, Me-
Cormack (D., Mass.) committee chairman, said selec-
tion of the remainder of the staff is ander way,

Capital Gains

Cival Acronautics Board has concluded that capital
gams cannot be retained for capital purposes despite
pending legislation that will permit subsidized airlines
to remvest funds from the sale of mireraft in new equip-
ment, Majority of the Board has decided that it is “re-
quircd by the law to offset against subsidies the pruﬁta
which airlines mav make on the sale of aircraft.”

However, two of the five Board members declared that
the Board not onlv has the legal power to permit airlines
on subsidy to retain capital gains but that it should ap-
prove such a program as a matter of policv. Meanwhile,
a bill hd{ng the Board minority 15 now awaiting House
approval of Senate amendments, On this point, the Board
mitjority noted that, “without expressing opinions as to
merits of indiv ldull provisions of the proposed legisla-

tion,” I']‘tL"TIL' wis “no objection to the legislation’s basic
objective.

Civil Aviation Block

[nvestigation of Iederal Regulatory Agencies by the
House Subcommittee on Legislative Oversight is block-
ing action on civil aviation matters now pending before
the Transportation Subcommittee of the House Com-
meree Committee, Five members of the Transportation
subcommittee, including Rep. Oren Harns (D.-Ark.)
chairman, are also members of the Oversight Subcom-
mittee.

As a result of the time consumed in the investigation
of the Federal Communications Commission, the Trans.
portation Subcommittee has found it difficult to mise
quorum, A Commerce Committee spokesman said an
effort will be made soon to clear the way for action on
the many small matters now pending before Transporta-
tion Subcommittee,

MATS Investigations

Investigations by two congressional groups into the
operations of Militarv Air Transport Service are moving
forward:
® House Government Operations Subcommittee headed
by Rep. Chet Hohlifield (D., Calif.) 15 evaluating several
weeks uf testimony, expects to have a report u.1ti1 recom-
mendations by about mid- April.

e Senate Commerce Subcommittee headed bv Sen. Mike
Monroney (D., Okla.) 15 reviewing replics to compre-
hensive questionnaires which it 1s due to receive bv the
end of this month at the latest. The subcommittee ex-
pects to be prepared to hold hearings on MATS opera-
tions about mid-April. —Washington staff
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Companies Vie for Minuteman Contract

At least six contractors compete for airframe;
Thiokol, Aerojet, Astrodyne developing engines.

By Irving Stone

Los Angeles—At least six major con-
tractors—North  American, Convair,
Lockheed, Douglas, Martin and Ramo-
Waooldridge—are competing for USAF's
solid-propellant Minuteman multi-pur-
pose ballistic missile, on which pro-
pulsion development alreadv is well
along.  Minuteman has top national
priority.

Firms  developing multi-stage solid
engines for Minuteman are Thiokol
Corp., Aerojet-General Corp., Phillips
Fetrolenm and others. Phillips and
North American’s Rocketdvne IBiri:-;iun
recently formed Astrodvne I[ne. (AW
Jan. 20, p. 34) and North American
and Astrodyne would be an airframe-
propulsion team. Convair and Thiokol
managements have worked out a semi-
permanent  airframe-solid  propellant
team arrangement for this and other
projects,

Operational status probablv can be
attammed by Minuteman as carly as for
USAI's Atlas ICBM and Navv's sub-
marine-launched Polaris IRBM. Com-
ponent development is being acceler-
ated, and completion of development
of the nose cone, warhead and acces-
sorv power packages 1s considered close.

Guidance is an outgrowth of the
Thor IRBM gnidance svstem and is
the result of component development
bv several contractors to ensure that
the svstem will be ready in the time
scale now projected.

Minuteman began as a broad con-
cept. Except for the special-engine
program, it has drawn heavily on ex-
isting ballistic missile development pro-
grams and is aimed at achieving very
high reliablity and very low cost and
complexity.

Cost per successful mission is ex-
pected to be considerably higher than
anvthing developed or proposed so far.

‘Tinker Toy' Concept

Another basie charactenstic ot the
VMinuteman program is the “Tinker
Toy” or building block technique of
varving  the engine stages to produce
missiles of various ranges with the same
basic components (AW March 10,
p. 22).

Engine stages will have a high mass
ratio of propellant weight to engine
weight.

Propellant probably is polyurethane
plus oxidizer, which has a specific im-
pulse of about 270,

Grains are bonded to the wall of the
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engine case, which is formed by wind-
ing thin stecl strips. This saves space
and improves mass ratio,

Differential in coefficients of expan-
sion 1s no problem since the grains
squeeze together as heat expands the
propellant.

General concept of the propellant is
an outgrowth of pionecering work done
for USAITs JATQO units for B-47
takcoffs.

Development of the engine case,
nozzle, thrust termination method and
thrust vector control has been done by
the manufacturers. Thrust termination
chosen, now in an advanced state of
development, resulted from Air Foree
and Navy cooperation.

[t is not a new concept, but Minute-
man and probably Polaris will be the
first missiles to put it to use,

Rejected Schemes

FFour thrust termination schemes
which were rejected are: .
¢ Bursting seam in combustion cham-
ber to drop pressure.
® Bursting discharge nozzle.
© Reversing thrust. Thrust also must
he reversed on the booster after separa-
tion so that it cannot catch the vehicle
in case it has some burning time left.
¢ Ouenching propellant,

Objectives of the Minuteman pro-
e eI arcs
» Lightweight, simple thrust vector con-
trol svstems.
® Rapid, repeatable rocket shutdown
with a repeatable residual thrust.

* Lightweight discharge nozzles,

e Light, high-vield warhead.

e Light, highly effective nose cone.

¢ Light, accurate guidance svstem.

® Light, reliable accessory power sup-
phies.

In addition to the low cost of the
solid propellant rocket, observers close
to Minuteman development also cite
these advantages of the concept:
¢ Minimum manpower requirement.
Large numbers of weapons will be oper-
ated automatically under surveillance
on a small group of controllers,

e Minimum amount of support cquip-
ment is required.

®* No complex base installation is re-
quired for operational status.

® “Tinker T'oy” philosophy provides a
number of tvpes of missiles using same
basic components.

® System is designed for minimum ob-
solescence, Aim is to eliminate the
need for replacing whole systems as
technology advances. This applies also

to communications networks, launch
techniques, personnel  training  and

component fabrication and assembly

techniques.

History of Minuteman’s solid propel-
lant development is one of Air Force
and Navy frst taking separate ap
proaches and later joining their efforts.
success of Polanis program’s propulsion
system 1s due largely to USAF's work
and the USAF-Navy cooperation.

In November, 1954, USAF called in
solid propellant contractors to discuss
ways to attack the problem of develop-
ing engines for long range missiles.

Sergeant Utilized

In March, 1955, it hired a consultant
tecam to work out a technical develop-
ment program. The resulting concept
was to cluster on-the-shelf rockets and
st;:.%n: them. Rockets were the one-third
scale Sergeants designed and developed
by California Institute of Technologyv's
Jet Propulsion Laboratory in 1949 and
used since in the Armyv's Jupiter-C test
vehicle for nose cone work and Explorer
satellite launch attempts.

Navy approved of the plan and it
became the original Polaris configura-
tion,

This configuration and the fact that
lightweight hardware was not available
then would have resulted in an IRBM
weighing 162,000 1b, Navy later aban-
doned this i favor of the present
Polaris.

USAF rejected the consultant team’s

program at the start. Among the rea-
S0I1s WCETC:

® It did not believe lightweight guid.
ance and control systems could be de-
veloped to contend with the moments
induced by differences in starting and
shutdown transients of the clustered
rockets.

¢ [t believed poor performance and
great weight of the vehicle would make
solid propellants look bad and consti-
tutc poor propaganda for other solid
development proposals in which it had
arcat confidence.,

USAF accordingly decided to begin
a vigorous solid propellant development
program of its own. On Jan. 7, 1956,
it presented this concept to Defense
Department. Navy presented its origi-
nal Polaris concept on the same day.
Within a year, it had abandoned the
concept,

Farly in 1957, Navy asked Air Force
to help it reorient its program along
USAF lines, and Air Force readily
agreed. Since then cooperation has been
verv close and both Minuteman and
Polaris have proceeded successfully.

Navy has put more funds into its
project and has accelerated testing of
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solid rockets. Navy also has gonc
farther in development of its own poly-
mer, although tlrlis work 15 based on
prior USAF development. Navv also
has used USAl-devcloped propellant
motor case and lightweight nozzle.

Navy's guidance problem is much
greater than Minuteman's because ot
limited space in the launching subma-
ring, need for the submarine’s position
to be located precisely and necd for
underwater launch, Navy in testimonv
hetore Congress has given USAT credit
for helping it support the work done at
Massachusetts Institute of Technology,
which contributed both to the Polaris
mussile guidance itselt and to the Ship's
Inertial Guidance Svstem, basis of the
navigation system that will determine
the submarine’s position.

Defense Department Guided Nssiles
Director Wilham Holadav has ordered
Air Force to consider use of Polans as
a sccond-generation  IRBM.  Close
USAF-Navy  cooperation  probably
means Polans and Minuteman will be
operational close to the same date.

Dulles Doubts Wisdom
Of Moon Launch

Washington—Members of both the
House and Senate last week took issue
with Sccretary of State John Foster
Dulles on the importance of anv U. §.
program to reach the moon.

Most crtical of Dulles” testimony
before the House Foreign Aftairs Com-
mittee was Rep. Damel |, Flood (D.-
Pa.) who criticized the Admimstrabion
tor failing to take action on Air Force
and Army proposals to hit the moon
or put a vchicle in orbit around the
moon within the next vear.

Others calhing for action were Sen.
Henry M. Jackson (D.-Wash.) a mem-
ber of Senate committees on Armed
Services and Government Operations as
well as the Joint Committee on Atomc
Energy, and Sen. George A. Smathers
(D.-Fla.) a member of the Senate com-
mittees on inance and Interstate and
FForcign Commerce.

Dulles testified that he faled to see
much point in spending large sums of
money to send a rocket to the moon
when the Russians probably will get
on¢ there hrst anvway,

He said that one of the Administra.
tion’s major problems is determining
whether it 15 justihed in spending tas
monev on a program that “let us as
sume has no practical value.”

Ilood said he regretted the apparent
policv to “deliberately 1gnore the psy-
chological defeat the U, 5. suffered
when Russia became first to place a
satellite in orbit.”

“It 1s parhcularly disturbing,” he
added, “when we consider that the
Army could have put a satellite into
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missiles.

“In order to avoid any misunderstanding regarding the responsibility for future
(second generation) research and development in the field of land-based TRBMs
and ICBMs, it should be understood that this function is the responsibility of the
Department of the Air Force,” the memo said.

Mot only would USAF not develop the Nike-Zeus system for immediate operational
deplovment if it had the choice; it has not yet decided which of the Wizard pro-

posals is most desirable,

the end of this month.

component parts.”

said,

USAF Appeals Anti-Missile Decision

Washington—Air Force Secretary James H, Douglas has appealed to Defense
Secretary Neil H. McElroy to reverse a two-month-old decision and allow  Air
Force to continue development of its Wizard anti-missile missile system.

USAF still does not believe Army's Nike-Zeus system has the growth capability
to handle possible enemy evasion, decoy and countermeasure tactics.

Also, USAF feels too great a risk is involved in relving on only one svstem at
this stage, and says competing cfforts should be allowed. It cites Senate Prepared-
ness Investigating Committee’s 17 points “upon which decisive action must be
taken,” one of which is: “Put more effort into developing anti-missile missiles.”

Meanwhile, McElroy issued a one-sentence directive to halt Army's plans to
make Nike-Zens installations capable of handling intermediate and intercontinental

Under USAIs plan, Wizard development would continue for perhaps another
vear at 52 million to S3 million per company before the final selection was made.
Teams are Lockheed-Raytheon and Convair-Radio Corp. of America. General Elec-
tric is developing nose cones. Air Foree also had a contract on the Douglas Airciaft-
Bell Telephone Laboratories study which is the basis of the Army Nike-Zeus project.

Determination of the requirements and deficiencies in the nation's overall air
defense system will be influenced by reorganization of the Defense Department.
Secretary McElrov's recommendations on reorganization were due to be made by

Secretary Douglas told the House Armed Service Committee recently that he did
not believe the present defense organization “has assured the kind of overall objective
consideration that should be given to as complicated a system as this and its

“I think if there is anyvthing in Defense Department organization that should
have attention, and that will have attention in the present discussions looking to
some reorganization, it is establishing an overall basis for determination of require-
ments in the air defense area so that there is no longer the element of the
fortuitous in determining the mix that we have of manned interceptors, of Bomarc
controlled by Sage and of Nike battalions spread out through the country,” Douglas

Although Douglas told the same committee on the same dav that Air Force
agreed to and had accepted McElrov's mid-January order assigning anti-missile
development to Army and long range anti-missile detection to USAF, the Air
Force is clearly on record as having little faith in Nike-Zeus.

The mid-Janvary decision (AW Jan. 27, p. 26) specifically ordered USAF
to drop missile development under the Wizard program and to continue only with
detection and data handling phases, and to coordinate this work closely with Army
and with Advanced Research Projects Agency.

orbit a vear before Russia.”

“There is no doubt in mv mind, and
| hope in the minds of most Ameri
cans,” Flood said, “that it is important
for reasons other than malitary that this
country be frst to shoot a rocket to the
moon, first to orbit the moon and fhrst
te flv a nuclear propelled aircraft.

Sen. Jackson said shooting to the
moon 15 not onlv wmportant for the
prestige the U, S. would gain but also
because of the scientihe data the nation
could procurc. Such information, he
said, is of inestimable importance for
carrving out ounter space exploration.

As to the psvchological impact of
being first Jackson said, I do not be-
licve that the damage to our prestige

by Russia’s first with Sputnik should
now be repeated by our being second to
the moon.

German F-104 .Chuit:e

Scales are strongly tipped in favor of
Lockheed’s F-104 Starfighter as  the
choice of West Germany for re-equip-
ping its air force, Aviation Week learned
last week., The choice results from what
Lt. Gen. Josef Kammhuber, West Ger-
man air force chief, saw on his month-
long U. S, tour. Estimates of the size of
the order, for which Grumman's F11F-1F
was nearest competitor, have ranged from
100 to 400 arcrakt.
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Captive Test Program Proves

Value in Atlas ‘Flight’ Data

By Richard Sweeney

San Diego—Captive flight and static
firing test program on Atlas intercon
tinental ballistic missile has proved it-
self financially and made possible early
flight testing of Atlas from USAIY Mis-
sile Test Center, Cape Canaveral, Fla.

Facilities mvolved in part of static
test program were outlined last week
al Convair's Sycamore Canvon test site,
where work m slightly more than a
vear's operation has vielded 14 “Rights”
worth of data, One missile staved in
test stand eight months, vielded equiva-
lent of 10 test flights in data.

Extensiveness of test effort can be
seen 1n fact that of 9,500 persons work-
ing for Convair Astronauntics Division,
more than half are engaged in test pro-
me, In engineering talent, again one
1alf are assigned to test work. Twenty
per cent of test workers are at sites
away from Convair’s main San Diego
facilities.

Missile 1n the stand was the A con-
hguration, which differs slightly from
the operational B model configuration,
duc to have its first flight test at Cape
Canaveral, FFla., in near future.

Atlas Model B has Mark [ General
Ilectric Co. nose cone, propulsion svs-
tem includes 60,000 1b. sustainer thrust
chamber as well as two 165,000 b.

Titan ICBM Static Firing

thrust chambers which are booster.
Full, three chamber propulsion svstem
has not vet been flown on any vehicle.

Sveamore Canvon site was chosen for
its location on government property,
the fact that water and electrical power
i required amounts were available, and
its remoteness from populated areas.

Facility consists of two test com-
plexes, cach having test stand capable
of handling thrusts in excess of one-
million pounds, control center, pro-
pellants supplyv. Common source serves
bath units with liquid nitrogen, water
and helinm.

Some 600,000 cu. ft. of helium is
available, stored at 5,000 psi. Water
supply has 750,000 gal. stored, with
usage being at rate of 30,000 gpm, in
the Aame deflector bucket, plus avail-
ability for .75 gpm. for every square
[oot of the missile in case of fire.

In propellants, 16,000 gal. of hvdro-
carbon fuel is stored for each stand,
along with 30,000 gal. of liquid oxvgen,
Pumping facilitics enable loading mis-
siles with propellants at 1,000 gpm.

Test stands consist of large service
tower  which  surrounds  mussile  in
crected condition position, vet is not
attached directly to the missile.  Mis-
sile itself rests on and is held by
launcher assembly identical to that at
USAI" MTGC, with exception that as-

Smoke surrounds Titan intercontinental ballistic missile; first static firing of complete
propulsion system has been completed at Denver, Colo., by the Martin Co. Further test
hrings, up to three minutes in duration, will proceed at a rate of not more than two a
week for the next month or so. Test version of the Titan propulsion system made by
Aerojet-General Corp. is realistic in every way except that heavy gage “battleship” tanks
have been substituted for the lightweight fuel cells of the operational missile.  'While
these tanks are internally similar to the service equipment, their strength allows them to
be used through many tests. The engine stand used for the test is one of four.
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sembly has additional special hold-down
struts which prevent accidental move-
ment of release arms during a test run.
Launcher is welded stecl assembly
weighing some 62,000 1b., considerably
lighter than gross weight of missile
ready for takeoff.

Service towers are approximatelv 100
tt. high, enclose over top of 81 ft. long
Atlas missile. Tower is about 25 x 30
ft. at base, and includes winch and
cable mechanism which raises the mis.
sile trailer into position during erection
of missile to vertical position.

Control centers are located 400 ft.
back from test stands. Buildings are
designed to withstand blast equivalent
to 100,000 Ib. of TNT. Centers have
10 x 60 ft. interior, are equipped with
emergency  ventilation, lighting, com-
munication and escape facilitics,

I'tom  control center, tunnel runs
from center toward stand to a rein-
torced conerete underground chamber
known as transfer room where battery
and generator for missile power supply
15 located, as well as certain instrumen-
tation and control equipment which
must be closer to test stand than block-
house. Room also serves as site for
junction boxes for data system and
control svstzm. Some 15,000 wires tun
from stand to control center, including
both control and data functions. About
500 instruments are in center.

Instrumentation for complexes s
the same as that at Cape Canaveral,
enabling test data from the two places
to be compared directly.

Data svstem makes use of analog
cquipment, with some digital direct in-
formation. Provisions for quick check
exist at Svcamore, but detailed data re-
duction is conducted at San Diego
where there is an IBM 704 computer.

Instrumentation  includes  oscillo-
graphs, camera-equipped sonic analyzer,
direct writing recorders, movie cameras,
closed circuit television and an FM
telemetry  svstem., FM  svstem, with
which commutation technique can be
used, has 60 channels available, with
overall multiple of 300 to 500 different
tvpe samples capability per run,

Use of the mussile itself at Sveamore
makes data compatible with that of
Cape  Canaveral, but requires  extra
safety Emrisinns since thin wall mis-
sile tanks are used rather than the heavy
boiler plate “battleship™ tanks such as
are used in some test stand facilities
like Pt. Loma, one stand of Convair's
at Edwards AFB rocket base.

Countdown for an Atlas run at Svea-
more 15 like that at AFMTC. Prepara-
tions begin on X minus one, the day
before the fring. Some 4,000 items are
covered from written lists.

Actual firing  count approximates
four hours, with hold provisions (i.e.,
the count can be stopped for required
fixes, repairs) at all points.
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Space Technology

Pt. Mugu May Become U.S. Space Base

Los Angeles—New National Pacific
Missile Test Range at Pt. Mugu, Calif.,
mav become the leading U. S, space
and satellite base.

Although no specific satellite or
space programs have vet been assigned
the new Navy-managed range, it has
three important advantages over
USAF’s Missile Test Center at Cape
Canaveral, Fla.:
® Polar orbits can be established by
satellites fired from Pt. Mugua but not
from Canaveral, which has to fire for
generally  east-west orbits.  Advantage
of a polar orbit is that a reconnaissance
satellite could map almost all the
carth’s surface in one dav's time from
an altitude of 1,000 mi. plus. Exten-
sive area that can be mapped from a
polar orbit 1s due to the earth’s rotation
beneath the satellite vehicle, An east-
west orbit generally conforms with the
rotation of the earth, and the area
that can be covered is relatively
smaller.

Cape Canaveral is restricted to east-
west orbits because of the population
centers to beth the north and south
that might be endangered by falling
boosters if a north-south launch neces-
sary for a polar orbit was attempted.
Boosters from a north-south launch at
Pt. Mugu would fall into the Pacific.
* Property—Approximatelv 93,000 acres
as compared to 12,000 for Cape
Canaveral. Some officials believe that
the limited area of Air Force's test
center will restrict it to fring vehicles
with thrusts of no more than one-half
to a mllion pounds thrust because of
the explosive and noise hazards. Mugu,

I_ Republie Delivers First

Alouette Jet Copter

New York—Era of commercial use of |
turbine-powered rotary wing aircraft in
the U.S. began last week with delivery
I of a Republic Aviation-assembled Alou-

ctte II helicopter to Aetna Helicopters,
Inc., Etna, Calif.

Price of the Alouette I was disclosed
as $88,665, with instrumentation and
radio, Aetna  Helicopters, which has
three Bell 47s, does considerable work |
for U. S. Forest Service in Northern
California.

Republic Awiation’s newly formed
Helicopter Division will deliver addi-
tional civil Alouctte IlIs to fAve more
operators in the next few weeks, Man-
| ager Herbert Munsey told Aviation
Week. Among these will be a helicopter
for executive transportation,
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with its large, mountain-ringed acreage,
could handle wvehicles with as much
thrust as its designers could put into
them.
® Availability, Mugu is in close prox-
imity to most of the large aircraft
manufacturers who are now engaged
in the manufacture of missiles and
are scheduled for space and satellite
roles. Vehicles to be fired from Cape
Canaveral, such as Convair's Atlas in-
tercontinental ballistic missile, have to
be laboriously trucked across country.
These facts lead some top officials
working with missile-satellite programs
to believe that within five years most
U. 5. missile, satellite and space firings
will be made from Pt. Mugu.

Canaveral Still Important

Cape Canaveral, however, will con-
tinue to play an important role. An
attempt for an east-west orbit from
Pt. Mugu is impractical. A firing to
the east might drop a booster over
populated arcas; to the west, the satel-
lite would be pushing against the
carth’s rotation,

Pt. Mugu's present role is restricted
to training and support, primarily of
USAIF's missile training units at nearby
Camp Cooke, Calif. Cape Canaveral
will continue with its research and de-
velopment role.

In the recent expansion of Mugu
from the previous Naval Air Missile
Test Center to the National Pacific
Missile Test Range, Navy took over
the southern portion of Camp Cooke
for additional support, including in-
strumentation, communications and
launch sites for the use of all three
SEIviCes.

Firings of large missiles and satel-
lite vehicles probably will be made
from the Camp Cooke section of the
range, with the older Pt. Mugu com-
plex handling the smaller tactical mis-
siles,

First firings of Douglas Thor inter-
mediate range  ballistic missiles  are
scheduled to be made from Cooke by
Air Force traiming units later this
vear, The frings to sea will be moni-
tored and controlled by Navv tele-
metering ships.

Later, an east-west monitoring svs-
tem similar to the present north-south
Minitrack range constructed in connec-
tion with the Vanguard earth satellite
program will be established across the
Pacihe. Such a system could monitor
and control satellite and space vehicles
following a polar orbit as well as ICBM
and [RBM frings.

Some of the monitoring units of

the cast-west range will be permanent
mstallations on Pacific islands: others
will be located aboard ships so that
the range can be shifted to accommo-
date various orbits.

A 500-mi. inlind range stretching
from Pt. Mugu to Army’s Proving
Ground at Dugway, Utah, also is being
established for firings of missiles with
guidance  systems such as ATRAN
which are dependent upon terrain fea-
tures. Missiles, notably the Regulus
I1, can be fired from launching pads at
Pt. Mugu or from ships in the vicinity
of San Nicholas Island.

Flights will end in either recovery
or m programmed terminal dives on
targets at the Dugway proving ground.

Instrumentation of the inland range
will be carried aboard mobile vans and
located principally at Edwards AFB,
Calif.—where Regulus II tests are now
being conducted—and at Dugway.

Inland Range Cost

T'otal cost of equipping the range is
estimated at $5 million. Tt will be op-
erated by a private firm under Navy
contract which has not vet been
awarded. The full range is scheduled
to be ready for use by August.

All flights will be made over pre-
inspected areas, and the missiles kept
away from populated areas. In the case
of Regulus I1, for example, almost any
tvpe Hight pattern can be cranked into
the missile’s inertial guidance svstem
to allow it to fly an erratic course and
avold popularion centers.

The Regulus IT will fly the range at
altitudes above 60,000 ft, and be kept
under positive control at all times. [t
will be equipped with a self-destruct
mechanism that can be triggered from
the chase plane or from the ground.

| spring at Boeing Field, Seattle, and Ed-

707 Sound Test Set

Renton, Wash.—Sound tests on the
Boeing 707 jet transport will be made by
the Port Authority of New York this

wards AFB, Calif., officials said here last
week,

The decision followed demonstration
here of Boeing jet sound suppressor

I Tests this spring will include sound re-

| evaluation of the French Cﬂl‘:l‘l-'E'"é and

which has been undergoing flight tests.

cordings made by Port Authority staff
and its consultants, Bolt, Beranck & |
Newman, Cambridge, Mass,

Tests will duplicate those previously
conducted by the Port Authority for

British Comet IV jet transports. '
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Support Complex
Surrounds Atlas
Missile Launch Site

22

With its two powerful booster engines pushing it upward, another Atlas ICBM takes off
from Cape Canaveral, Fla, (left), its ascent steadied by two slant-firing vernier engines. Small
cone near the left vernier is used for tracking., First pictures of large launch complex show
facilities required to get the huge missile airborne. Among the many elements that make
up this complex are the 1l-story gantry service structure (above) and cluster of industrial
support hangars of various Atlas component contractors (below). View of Atlas on launch-
ing stand (right, top), shows fuel tank, in foreground, behind blast wall. Beyond is the
sccond blast wall which protects liquid oxygen tanks. Low, shed-like structure, mnning
from stand to blockhouse, houses power and instrumentation cables. It is fabricated from
fire-resistant composition board and has corrugated roof to cut down heat from the sun.
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below). Standard traffic light at the road behind the I;.:unc]ling pad (left
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Polaris Fleet Missile Stressed
As Inexpensive Deterrent Weapon

Sunnyvale, Calif.—Role of Polaris
fleet ballistic missile as a deterrent
weapon was stressed by Rear Adm.
William F. Raborn, Director, Special
Projects Office, Navy Bureau of Ord-
nance, during his visit to Lockheed
Missile Svstem Division here.

Raborn declared that the U.,S.
should not be stampeded into build-
ing mass destruction svstems and
should take a good look at the money
gomg into these svstems. Raborn pre-
dicted that if the Polaris were success-
ful, 1ts deterrent capacity would mean
that the “conventional war would be
the only tvpe we would have to fight.”
In this connection he stressed the im-
portance of the aircraft carrier.

Polaris is the most inexpensive ballis-
tic missile development to date, Rabormn
indicated, adding that the Navv had
capitalized on work of Air Force and
Armyv. He mentioned that the Navy
had used the Air Force-sponsored Lock-
heed X-17 test vehicle as an off-the-shelf
item. Citing the Polaris guidance system

as usimg the very latest in components,
Raborn again stressed inter-service co-
operation, stating that in Polaris Navy
was using the latest gyvros “which have
come back to us as bread upon the
waters.” Navy had started development
in this feld at Massachusetts Institute
of Technology about eight vears ago,
he said, then “got poor,” after which
Air Force took over the project, and
now Navy was gething bencht of this
development.

Raborn declared that life of a sub-
marine 15 figured at 15 to 20 vears and
that the money required to bring the
Polaris weapon system into being will
be amortized over this period with a
resultant relatively low cost. Raborn
said that perhaps too much economy
had been practiced in the Polaris pro-
gram and that there was a lot of backup
that should be done, adding “but we
have been very lucky so far” Prog-
ress, he pointed out, has been phe-
nomenally good to date, but those
assoclated with the program were try-

—— -

Thor Nose Cone Combats Heat

Thor nese cone, shown above in its special cradle, follows flattened contours of Atlas

nose cone configuration. Choice of blunt shape

indicates that metallurgists are skll

unable to come up with a new high-temperature material that is able to withstand
extreme aerodynamic heating associated with high-speed re-entry of streamlined, slender
cones.  While bluntness slows nase cone sufficiently to keep heat buildup within acceptable
limits, it introduces larger wind drift errors into trajectory and also makes warhead easier to
intercept with anti-missile missile. Air Force has ordered the General Electric Co.’s Missile
and Ordnance Systems Department in Philadelphia, Pa., to start production of Thor nose

cones and ground support equipment,
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mg to avoid becoming over-confident.
Raborn declared that there would be
setbacks, but developers were trying to
anticipate soft spots and proper action
as far ahead as possible.

Raborn declared that Polaris had
been referred to by scientists as the
most complicated weapon system ever
undertaken. Despite this complication,
simplicity is being stressed. He men-
tioned these highlights:
® Development of the first Polaris
solid propellant motor is “essentially
in hand.” .
* Solid propellant is a “plasticized rub-
ber” as simple as the material in a
hairbrush.
® Control rates for solid propellant
burning cutoff “have been well worked
out in static and flight tests.”
® Launching techniques have been suc-
cessfully worked out and there is no
problem in fring Polaris directly from
the submarine, i

Questioned on  the possibility  of
dropping floating pods containing Po-
laris, and firing missile from remote
position, Raborn declared there was
“no authenticity” to this technigue,

Commenting on  possibility  of
launching the Polaris from a bomber,
Raborn declared technical difhicultics
would be three to five times as great
as plan  Navy is undertaking with
submarine launching, which is the
most difficult of the technical problems
yet attempted by the Navy,

In Washington, Rear Adm. F. S.
Withington also reported that, initially,
the first firing of Polaris fleet ballistic
missiles will be from fixed launchers at
USAF’s Missile Test Center. Next step
will be firings from moving launchers,

In the last step before actually being
fired from missile submarines, Polaris
will go to sea for launch from the ship
Observation Island.

The Observation Island is a follow-on

to the Polaris navigation ship Compass
Island (ANV Dec. 10, 1956, p. 28) and
will be capable of solving both the
navigation and launch problems associ-
ated with a ballistic missile sea-firing.
A converted 17,600-ton C-4 Mariner
secured from the Merchant Manne re-
serve flect, the Observation Island will
be converted to its new mission some-
time this summer. It will be equipped
with twin launchers and be capable of
carrying two of the 28,000 1b. Polaris
missiles.
® Loss of weight in the submarine, as
result of launching large number of
missiles, will be no problem. Number
of Polaris missiles submarine will carry
15 16, Raborn declared. '
® Adequate number of Polaris missiles
will be available for ships which will
be ready for use in 1960, when Polaris
will become operational.
® Nine nuclear submarines will com-
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prisc the first complement of undersea
ships for carrying Polaris, but there will
be more of these craft in the program.
e Polaris weapon system will include
certain safeguards against countermeas-
LUIcS.

* Progress in navigational art at sea is
two vears ahead in development with
respect to anticipated progress, Raborn
indicated that the vessel Compass
Island, operating in the Atlantic Ocean
with its ship inertial navigation svstem
(SINS), “is doing quite well.”

o Numerous studies in the sclection
and training of officers and crew are
underway to ensure highest rehability
in personnel responsible for operation
of the weapon.

Raborn said he fecels that company
performing rescarch and development
should continue with production phase,
ndicating that Lockheed (mussile svs-
tem  manager) would produce the
Polaris.

Anti-ICBM Version
of Talos Proposed

Washington—Johns Hopkins Applied
Research  Laboratory 1s proposing a
Mach 5-to-10 version of the Talos ram-
jet  surface-to-air missile for possible
anti-missile missile applications.

Proposal to boost the Talos from its
present Mach 2 speeds to the Mach 10
range envisions use of an advanced
twin-ramjet engine and might require
as long as 10 vears to develop.

Range of the Talos also would be -
creased to 100-mi.-plus. Longest suc-
cessful intercept and kill achieved thus
far with the present Talos is 70 mi.

Rear Adm. I. §. Withington, out-
going chief of Navy's Burcau of Ord-
nance, savs the primary advantage of
such a ground-based anti-nussile svstem
would be its mobility, If such a pro-
posal were ;u:lﬂil:ltur.i, the ultimate missile
piobably would go to the Army for op-
erational use,

An advanced Talos, Adm. Withing-
ton said, would be capable of inter-
cepting and destroving an  interconti-
nental ballistic missile “if he's coming
right at vou.” Present Talos models al-
ready can carry nuclear warheads.

Greatest problem, the Admiral said,
would be detection of the ICBM m
time to take counter action.

Adm. Withington also described the
air search radar to go aboard the Galves-
ton, first Talos cruiser to enter the flect,
as the weapon svstem's “Achilles heel.”
Maximum tange of the air search radar
aboard the Galveston, which will go
to sea this fall, is scheduled to be 200
mi. and Adm. Withington said, “I'll
be pleasantly surprised if we get it

One of the greatest difhiculties in ob-
taining better range, the Admiral sad,
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15 the heavy weight of the rotating an-
tenna. Weight limit for shipboard an-
tennas 15 between 10 and 16 tons.

In an effort to solve the problem,
Navv is now asking electronics manu-
facturers to push development of a
fixed antenna that would have less
weight and provide all-around coverage.

iscussing  the air-dropped DBetty
anti-submarine depth charge equipped
with a nuclear warhead, Adm. With-
ington  said that, again, one of the

Navy's concerns 15 target  detection,

In this case, he said, a detection gear
needs to be improved to ensure that the
target 1s worth the cost of the missile—
at least S1 million each—and -that the
comparativelv few Bettvs scheduled to
be produced are not wasted.

Bettv has been operational with the
flcet for approximately one vear. A sec-
ond air-dropped nuclear depth charge,
the more soplusticated Lulu, 15 still m
the development stage.

Nuclear Rocket Power Test Site
Construction Spurred by AEC

Jackass Flats, Nev.—Test sites to
explore  feasibility  of using nuclear
power for rockets, under Project Rover,
and reactor heat for ramjet engines,
under Project Pluto, were shown here
by the Atomic Energy Commission.

First tests of reactor svstems, de-
signed and developed under Project
Rover, being conducted by Los Alamos
Scientific Laboratory, are scheduled to
be held late this vear. Construction at
Project Rover test site has I‘JEFUII.

Advance notice to bidders for roads,
utilities and facilitics in test area for
Project Pluto, being conducted by Uni-
versity of California Radiation Labora-
tory, Livermore, are being issued this
month.

Studies of nuclear rocket propulsion
systems at Los Alamos still are in the
rescarch and development stage. Van-
cus concepls have been evolved, some
promising enough to justify incorpora-
tion into detailed design studies. One
or more reactors based on these carly
design studies, will be tested at Jackass
I"lats. Information gained from tests is
expected to help in formulation of
more advanced design concepts which
mav lead to construction of prototvpe
nuclear propulsion cngines for rockets,

Theorv of the work at UC’s radiation
laboratorv is that if a nuclear reactor
were used te heat inrushing air for
ramjet engine, heat could be sustained
over o longer period of time, and ve-
hicle could be airbome for a corres-
pondingly longer period. Experimental
and theorctical work at Livermore, re-
lated to rescarch propulsion for mus-
siles, has been under wav since carly
last vear and studics will be extended to
the Jackass Flats test site later this
Vedr.
~ About $10 million will be committed
for facilities in the Rover test area of
Jackass [Flats. Work under construc-
tion includes:

e Control building with a floor arca of
9,700 sq. ft., accommodating controls
and instruments for operating and re-
cording tests performed in test cell
arca, Other buildings in same arca -

clude generator station for standby
power, administration building, ware-
houses and miscellancous structures.

o Mechanical  assemblyv - disassembly
building, with 30,000 sq. ft. of floor
arca for work on reactors and reactor
components before and  atter tests.
Structure will include shielding and
facilitics for remote handling of large
assemblics which have become radio-
active m tests.

e Test cell, containing 1,680 sq. ft.
Reactors and rteactor systems to be
tested will not be housed in the cell,
but will be supported on a raillway car
backed up to the cell, and be connected
to receiving instruments inside the
cell, which will transmit data to record-
ing instruments mside the cell, which
will transmit data to recording instru-
ments in control  building, located
about 14 mi. awav. Ralway car sup-
porting the rcactor will be moved by
remotelv-controlled  locomotive  to
shiclded portion of mechanieal assem-
bly-disassemblv building,

Project Pluto facilitics in Jackass
Flats arca will include 2,880-sq. ft.
control building, 4,000-sq. ft. critical
assembly  building, and assembly and
shop building enclosing 2,880 sq. ft.

Burns & McDonnell Engineenng
Co., Kansas Cityv, Mo, is architect-en-
gineer for Rover and Pluto test areas.
Support services such as maintenance
and minor construction will be pro-
vided by Revnolds Electrical and En-
gineering Co.

Other contracts include:

e Control building area facilitics for
Rover to J. A. "Tibertt Construchion
Co,, Las Vegas, Nev.

e Mechanical assembly - disassembly
building for Rover to Sierra Construc-
tion Co., Inc., Las Vegas, Nev.

e Test cell and tank farm for Rover
tc Petroleum Combustion Engineering
Co., Los Angeles, Calif.

e Installation and operation of somc
control and recording instrumentation
systems in Rover area to Edgerton,
Germeshausen & Grier, Inc. under ex-
tension of an earlier contract.
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Legislators Prod Administration
To Speed Atomic Plane Project

Washington—|oint Congressional
Atomic Energy Committee will con-
tinue “to push and prod” the Admin-
istration until 1t gives a green hght to
move forward with a crash program for
development of a “fly earlv” nuclear-
powered aircraft, Rep. Mel Price
(D., TIL.), chairman of the group’s sub-
committee on research and develop-
ment, said last week.

“We've had to do this before—with
the H-bomb, expansion of the atomic
cnergy program, and the submarine
Nautilus,” Price said.

President Eisenhower rejected the
“Hy early” program, sponsored bv the
Air Force and Atomic Energy Commis-
ston, on the recommendation of an
advisory group established by Presiden-
fial Assistant Dr, James R, Killian.

President’s Letter

In a letter to Price, the President
explained:

“If striving to be first were our short-
cst road to an operational military air-
craft, we long ago would have pursned
that course. But at the present state
of the art, such an effort would divert
extremely scarce talent from attacking
fundamental problems that must be
solved before a militarily important air-
craft can be produced. My conviction
15 that our need for the development
of the high priority military aircraft
overrides the first nuclear flight objec-
tive,

“Accordingly, T have decided that we
should continue to go forward as rap-
ily as we effectively can with our de-
velopment program, which at this stage
places major emphasis on materials and
reactor rescarch, rather than to rush
development of a first nuclear flight
arreraft which would have little or
no practical uhlitv and would delay
achicvement of an effective military
aircraft.” -
Sen. Clinton Anderson (D, N.NL),
vice chairman of the committee, de-
clared that the decision makes it “al-
most inevitable” that Russia will be
irst to Ay an aircraft with atomic
power, Price estimated that Russia
would have an aircraft in the skv in two
to three vears. ‘

“Coming on the heels of the Sputnik
hasco, a Russian victory in this feld
could well prove disastrous to world
confidence in America’s scientific abil-
ities,” Rep. Carl Durham (D., N.C)),
chairman of the full committee, de-
clared,

Price and Durham objected that the
Killian committee made “onlv a cur-
sory review of the program after a brief
mspection trip to the feld and decided

24

that the early flight concept with a
modified conventional plane be scrapped
in favor of a vague development pro-
gram aimed at the ultimate achieve-
ment of a high performance craft,”
disregarding the advice of experts who
“have been living with the program.”
Price added that the members of the
committee, although top personnel,
have been “at arm’s length from the
atomic aircraft program for from three
to seven vears.”

Price called the President's statement
that development of a “fly early” air-
craft would waste scientiic manpower
“a smoke screen for inaction” and
“without basis in fact." He added:

“l have been mmformed categorically
by the people actually working on the
project that, far from wasting man-
power, the development of an early fly-
ing nuclear plane would in fact be the
best  possible  utilization  of  existing
scientiic and engineering talent and
would serve as a strong incentive for
them to get on with the job.

“It has been clearly brought out in
testimony to the joint committee that
an adequate supply of such talent exists
not only for present needs, but for an
accelerated program as well.”

Challenge by Price

Challenging the President’s argu-
ment that the “fAy early” project would
delay achievement of a high perform-
ance military plane, he commented:

“The history of research and devel-
opment 15 replete wath examples, such
as the hvdrogen bomb, which demon-
strate beyond argument that successive
stages of development arc necessary be-
fore the finished product can be
achieved and that actual operating ex-
perience serves as an impetus, not a
deterrent, to the achievement of our
ultimate objectives,”

The President also rejected Price's
request for the establishment of “a well-
dechned future objective for the pro-
gram, mcluding target dates for com-
pletion.”

“The development of a nuclear-pro-
pelled aircraft capable of military mis-
sions has alwavs been the prime goal
of this program,” the President said.
“This objective is clearly understood by
all engaged on the project. '

“Because the program required devel-
opment of new materials and tech-
mques bevond the present state of
knowledge, the specifving of dates for
completion of these endeavors must be
somewhat arbitrary and therefore may
be unrealistic,” '

Durham protested that “progress can
be achieved and will be achieved when

we have a concrete program with clear
objectives and target dates for comple-
tion, up to and including a proven flight
capability, Without such goals, there
can only be a hopeless, hapless and help-
less En}iir:}' of drift and indecision. This
is where we have been for the last 10
vears, and this 1s where we stand today.”

Defending the Administration’s posi-
tion 1n testimony before the joint com-
mittee, Deputv Secretarv of Defense
Donald A. Quarles acknowledged that
“we are quite conscious of the fact that
the Soviets mav adopt a different view
and may seek to make propaganda
capital” by achieving the first flight of
an atomic aircraft. He added:

“As for the ‘cold war" significance of
first nuclear flight, several vears ago we
actually flew an operating nuclear reac-
tor 1 a military aircraft (Convair's
NB-36) without, however, attempting
to use the power for propulsion pur-
poses. We have also, of course, demon-
strated the use of nuclear reactors as a
source of power for driving more or less
conventional arreraft jet engines in

tound tests, To combine these in a
rst flight demonstration would not be
an important addition to what has al-
ready been done. Moreover, it would
add substantially to the cost of the
project. . . ."

The present plan will continue the
arrcraft nuclear project at a $150 mil-
lion-a-vear level. This is a downward
revision of a previous program for
5250 million-a-vear level, Quarles noted,
“resulting from the decision to de-em-
phasize the aircraft and weapon system
aspect of the development and to place
primary emphasis on the research and
fundamental development problems in-
volved in advancing the atomic reactor
art as applied to aircraft propulsion.”

Promise From Quarles

Price said the joint committee “‘has
at least achieved one encouragement—
Quarles has assured that there will be 2
re-cvaluation in a few months.”

In this re-evaluation, Quarles told
the committee that nuclear aircraft
studies now being made bv the Nawy
as well as “signiﬁmnt results” antici-
pated from reactor development work
now under way, will be considered. Al-
though the present conclusion is that
the state of the art does not permit the
application of nuclear propulsion to the
design of a military aircraft with satis.
tuctory pertormance, Quarles said that:

“We must recognize that this is a
fast-moving art and that the funda-
mental development work that is being
carricd on might well uncover practical
possibilities not now visualized, We
will . . . want to propose a change in
our course and f:-::rlmps an accelerated
program of development and flight test
if and when the feasibility of an accel-
crated program can be established.”
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Defense Spending Limit Bills
Get House, Senate Approval

Washington—Defense  Department
will be called upon to operate within
a legallv-set spending ceilling  under
congressional legislation that last week
appeared certain of passage.

The ceiling would be wrntten mnto
law at the beginning of cach fscal
vear.  Military  production schedules
and pavments to contractors could be
accelerated during the vear if it ap-
pearcd the cciling would not be
reached. Conversely, thev would have
to be slowed down if it appeared the
ceiling would be exceeded.

A determined cffort to kill off the
measure m the House, led by leaders
of the Appropriations Committee,
failed on a 110-te-275 vote. The hill
alreadv has passed the Senate and has
the strong support of the Administra-
tion, particularly the I'rcasury Depart-
ment and the Burcan of the Budget.

Rep. George Mahon (D, Tex.),
chairman of the Appropnations Sub-
committec on the Armed Serviees,
pointed m House debate to the hasco
of Budget Burcau's attempt last vear to
impose a 335 bilion caling on de
fense expenditures which  resulted
a series of production  slow-downs.
Mahon .asked:

“Had that limitation been in the
Jaw and had it been written m the de
fense bill, where would vou have been
last fall, when the launching of Sput-
niks dictated a defense speed-up? You
would have been apologizing to vour
constitucnts and imploring the speaker
and praving to the Almighty to let
you return to Washington quickly and
undo this defense hmtation, which
was slowing us down at a critical mo-
ment.

Provisions of the measure are:
¢ In submitting the budget to Congress
m January, the President would pro-
pose a spending limitation for the
hscal vear beginning  the  following
Julv. There is this loophole—the Presi-
dent conld refrain if he determined
that a satisfactory accounting svstem
on which to base a firm expenditurc
ceiing had not been established in 4
department. There appears little Tike-
lihood, however, that this loophole will
be used becawse of Administration’s
position.

o If the ceiling was not reached, the
unspent funds would lapse at the cend
of the hscal vear,

e Appropriations fully funding long-
term production and rescarch programs
would be continued. But the expendi-
tures against these programs would
have to be ftted under the annual
spending ceiling,
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e Fxpiration date of the measure is
April 1, 1962. This is to give the new
President a free hand in determining
federal budgeting procedure.

One concession was made in the
House to opponents of the measure—
full funding 1s provided for long-rangc
programs. As passcd by the Senate and
originally proposcd by House sponsors,
there would only be authornty to enter
contracts to back up such programs.

Arinc Plans to Open
Facilities to Industry

Washington—Services of one of na-
tion's oldest and  largest groups  of
avionic rcliability experts will be made
available to mdustry on a contract basis
as result of plan announced by Acro-
nautical Racdio Ine. (Arinc).

Arinc’s Reliability: Research Depart-
ment, onginally established 12 vears
ago to improve rehiability ot airhne
avionic equipment and vacuum  tubes
and later expanded to conduct reliabil-
ity studics for the Defense Department,
will now accept assignments  from
private industry under a new  poliey
announced by Arine President  John
5. Anderson.

Ten-fold improvement in reliability
of airline-military vacuum  tubes over
past five vears has been a direct out-
growth of efforts by Arinc’s Reliability
Rescarch  Department  headed by
C. R. Knight.

.-""u.}lil:l't:-i%ity.' of Arnnc's reliability
know-how is expected to be a boon
to smaller  avionic  companies  with
limited or no previous experience In
the relatively new art ot reliability
measurement  and  prediction,  NMany
smaller companies were concerned over
Jast vear's disclosure by Defense Depart-
ment  that  reliability specifications
would be included in future procure-
ments.

Arine, however, does not intend to
limit its services to smaller firms and
currentlv is negotiating contracts with
several major avionies producers, each
of which alreadv has stzable rehabihity
sroups in being, according to Knight.

Here are some of the services which
Arine's 120-man rehability group plans
to offer to industry:

o Reliability evalnation of avionic svs-
tems while thev are still in the design
stages with recommendations for mm-
proving reliability,

¢ Guidance in planning and exccuting
laboratory evaluations of reliability.
e Field evalnation of svstem reliability
or assistance in establishing a company

Fare Increase Stand

Washington—Civil Acronautics Board
last week refused a request to terminate
the General Passenger Fare Investigation
but said that, if necessary, additional fare
increases can be granted before the end
of the imvestigation.

CAB was asked by American Airlines,
which was supported by Continental,
Eastern and Western, to terminate the
case within a month after receipt of rate
of return evidence. The request was op-
posed by United, Trans World and
Braniff airlines.

In its opinion, the Board said the
object of the fare investigation s to
arrive at a reasonable formula for deter-
mining rates and that the objective
should not be sacrificed by hasty con-
sideration. CAB added, however, that
it can grant emergency fare relief without
interfering with the progress of the case.

program  for measuring  operational
rehability in the held.

® Assistance in preparing reliability
specifications for vendors and subcon-
tractors and in cvaluating their de-
S1ENS.

e Training engineers and production
supervisors in fundamentals of relia-
hilitv techniques.

News Digest

Continental Air Lines won Civil
Aeronautics Board examiner’s recom-
mendation as the airhne to compete
with American Airlines on routes from
Dallas to Los Angeles and San Fran-
cisco. In making his recommendation
in the Dallas to the West Service Case,
the examiner recommended that apph-
cations of Bramiff, Cahformia Eastemn,
Delta, Fastern, National and Western
airlines he denied.

Missile production increase is in-
dicated bv increased activity on the
subcontractor level. Clarv Dynamics,
San Gabricl, Calif., missile valve and
component producer, reports February
orders exceeding $400,000, highest for
anv month since December, 1956,

Chance Vought reported 1957 sales
of $237.292 770, dounble those of 1956.
Net mncome for 1957 totaled $6,152.-
383, which is equivalent to 2.6% of
sales. Income in 1956 was S4,135,181,
equivalent to 3.5% of sales,. Company
paid regular dividend of $1.60 per share.

Department of Astronautics will be
created at the Air Force Academy to
teach fundamental phvsics of manned
and unmanned ﬁigli)lt through space.
Revised program will include six semes-
ter hours of astronautics study.
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AIR TRANSPORT

First Jets Will Use Interim Facilities

Only San Francisco is completely ready to handle pas-
sengers when the airline begins 707 service next year.

By Glenn Garrison

New York—American Airlines will
relv on temporary facilities at most air-
ports when it becomes the first domestic
jct operator around the frst of next
VEL.

Passenger terminal at only one city,
San Francisco, will be completely ready
for the carrier’s Boeing 707 operation,
according to Marvin  Whitlock, vice
president, operations. Interim  facili-
tics will serve the others for periods of
six months to two vears or more,

American expects to receive the first
of its 30 707-120s next November and
will begin scheduled jet service about
Jan. 1, 1959. Los Angeles-New York
nonstops will be the frst inangurated,
unless American gets San Francisco
nonstop rights bv that time. In that
case the two California cities may see
simultancous inaugurals of transconti-
nental jet service. Within the first vear
Chicago, Boston, Baltimore, Detroit,
Ft. Worth, Dallas, St. Louis, Phoenix
and perhaps Tucson should be boarding
passengers on American’s jetliners.

Monstop Flights

The first 707 flights should be able
to make it nonstop with a full load of
passengers and cargo about 90% of the
time from Los Angeles to New York
International Airport, Whitlock told
Aviarion Week. Westbound, the per-
centage 1s expected to be about 60%.
When temperature and wind condi-
tions start cutting into transcontinental
payload capacity, American plans to
start offloading cargo first. So a full
load of about 100 passengers could be
carried westbound about 90% of the
time at the expense of some of the
10,000 1b. cargo capacity.

Idlewild will be the first full-grown
mstallation for jet flights after San
IFrancisco, Whitlock said. American
plans a 514 million individual terminal
at the New York field, with special fea-
lures for jet age passenger handling
(AW Dec. 23, p. 79). Target date for
the terminal’s completion now is June,
1959. New facilities at San Francisco
are due for November, 1958, comple-
tion.

The airline plans to spend about
550,000 for interim improvements at
[dlewild, according to Whitlock, These
include enclosing concourses, adding a
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new departure room, installing air con-
dittoming or forced ventilation.

American hopes to taxi its jets in and
out at all airports, but there is a possi-
bility that the Port of New York Au-
thority mav require towing at Idlewild.
Another uncerbfinty at that airport is
whether the Port Authority will guaran-
tee American some kind of gate pri-
ority. There are no exclusive gates at
the field, and American doesn’t want
to spend monev on jet positions if it
can't be sure of a place l‘lur a jet when
it comes in or loads.

Idlewild Runway

Idlewild, with a 9,500 ft. landing
strip, presents no runway problem of
major proportions, Whitlock said. Ex-
tension to 11,500 ft. in early 1959
should bring the westbound full-load
possibilitics up to 90%.

Concerning  runway  lengths  else-
where, Whitlock said increases in en-
gine thrust “lessen the pain a bit” and
that Cleveland, with a 6,500 ft. strip
and needing 8,000 ft., is the only air-
port where the jets won't be able to
operate with “a pretty darn good pay-
load.”

Thrust of American’s J57 engines
projected for Jan. 1, 1959, is now
13,500 Ib., an increase from the 12,500
Ib. previonsly expected, Whitlock said.
The figures assume water injection,

Taxiwavs at Idlewild and at every
other station except Boston are inade-
quatc now, but widening is planned
evervwhere except Baltimore. Needed
width 1s 125 ft., although 25 ft. on
cither edge need not be stressed for the
aircraft weight.

American - will  serve  Baltimore's
I'riendship International Airport and
not Washington National during initial
operations because Washington is keep-
ing jct operators out. Theyv will even
tually serve Washington from the proj-
ected second airport at Chantilly.

An example of the interim facilitics
American plans to build is Chicago,
where the airline will spend  about
5300.000 for temporary gate provisions,
according to Whitlock, These will be
mstalled at O'Hare, where all jet op-
crations will take place. Facilities will
include a rclutiwﬂ.' modest concrete
black finger and blast fences.

The blast fences will be of § in. ply-
wood construction, 7 ft. 4 in. high,

extending 110 ft. onto the ramp, They
will be built at a 60 deg. angle. The
jets dehnitely will taxi in and out of
gates at O'Hare, and the fences and
enclosed  sound-tightened  concourses
are expected to take care of noise and
blast problems as far as passengers are
concerned,

Interim  concourses, as at Chicago,
will be at ground level, although Amecr-
ican’s major permanent facilities will
use the cabin-level design. At Idle-
wild, for example, plans call for two-
level fingers with telescoping bridges
for rear as well as forward loading of
passcngers.  But while committed to
the rear-bridge idea for the long range,
American will start some operations
without them until the equipment is
proven out. Meanwhile, loading at the
front of the jets only may be used
Whitlock doesn’t expect this to create
a problem, however, even with the high-
capacity jets. Douglas  Aireraft Co.
studics showed that a jet can be un-
loaded faster (bv one minute) with one
cabin-level door than through two doors
where stairs to the ramp are used.
Amernican studies of the same question
showed only a small time loss of 3-4
see. with the single cabin-level opera-
fion.

The airline was disappointed, Whit-
lock said, that Lockheed Aircraft Corp.
i5 the only company building the
bridge tvpe of equipment. American
approached cight or nine companies
for proposals along this line, he said,
but none came even close to Lockheed's
design.  So  American, along  with
United, decided that no second source

of the equipment is satisfactorv, Whit-
lock said. -

Fueling Equipment

Various items of ground equipment
for handling the jets either have been
received or are on order.  Hvdrant
fueling will be available at some interim
facilities, including San Francisco,
Dallas and perhaps Ft. Worth and
St. Louis. All power supplies will be
mobile during the interim and later
butlt-in in some cases and mobile in
others,
~ American’s ramp power requirement
15 greater than that of some other car-
riers because American has taken a dif-
terent approach to air conditioning,

Eliminating compressed air from the
ground equipment that will service its
aithorne  air  conditioning  systems,
American arrived at a need for 150 kva.
of electricitv. Some other airlines re-
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quire only 75 kva. but must also pro-
vide compressed air.

Permanent facilities may be slow in
coming to some of the stations Ameri-
can's jets will serve. At Dallas, for ex-
ample, Whitlock expects a peak of two
simultancous jet flights. Economic jus-
tihcation for buwlding a second-level
concourse, therefore, depends on find-
ing the proper balance between this
relatively  light requirement and the
passenger service advantages.

The cammer's hrst Bocings will be
cquipped with both noise suppressing
and thrust reversing devices, Whitlock
said. This equipment is working out
better than expected and will exeeed
guarantees.

Moise Cut

A 10-12 decibel takeoff noise reduc-
tion now 15 expected from the equip-
ment, whercas 9 db. was considered
sufheient to make the noise acceptable.
Overall thrust-drag handicap 15 3%
of fuel-4% for takeoft power, 2% for
cruise, Whitlock said,

The reverser, which 1s of shingle
design resembling a cowl flap, will give
up to 60% of takeoftf power in reverse.

American's turboprop Lockheed Elec-
tras should go into service at about the
same time as the jets, according to
Whitlock. No special problems are
expected with these new planes, which
he describes as quieter than the Vickers
Viscount. The Electra will improve on
its specifications. "“That airplane 15
under-rated,”” he said. Landing require-
ment at maximum landing weight s
working out to about 1,100 ft., or
around 900 ft. with prop reversal and
brakes. This performance 1s better
than expected, Whitlock said, appar-
ently because of more drag from props
in idle range position than anhcipated.

First Electra schedules will be be-
tween New York and Chicago.

Both Electras and 707s will solve
their fuel problems at alternate airports
without kerosene by using aviation gas,
Whitlock smd. He said the round-the-
world flight of last vear of Air Force
B-32s was partially made with aviation
gasoline,

Runway Meeds

There 1s a difference of emphasis in
American’s estimate of runwav ade-
quacies as compared with the approach
of some other carriers. American tends
to base its requirements on a primary
runway that can be used consistently
with little or no offloading, and to take
a1 greater penalty on sccondary strips
when wind makes their use necessary.
The other point of view 1s to accept a
slightly greater penalty on the primary
runway under bad conditions, but to
demand a secondary runway with fewer
penalties than Amencan s willing to
accept.  Either view, of course, accepts
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a compromise from the ideal of both
bemg 100% suitable.

American will vse the same cross-
wind component—20 mph.—with its jets
as it does with present equipment.

The big decision for airlines in op-
crating their jets, Whitlock believes,
will be whether to operate them at
maximum economy or to enter a com-
petitive scheduling race. The problem
has never faced the carriers with their
piston feets because piston aircraft oper-

ate economically at near their maxi-
mum cruise speeds.

Whitlock foresees the possibility that
airlines will start off economically and
then somebodyv will trim a schedule to
beat the competition. The race could
then be on and a lot of potential profit
would be gone from the airline tills.

Trans World Airlines  last  vear
stressed the same point and warned
that schedule racing would lead to eco-
nomic disaster (AW Oct. 14, p. 38).

Electronic Tape System Speeds
Reservations; Uses Metal Disks

Denver—United Air Lines has con-
verted 1ts space control center here to a
largely electronic operation involving
new IBM Random Method of Account-
ing and Control Inventorv equipment.

With aid of the Arst two production
RAMAC:S, along with punch cards proc-
essed by transceivers and teletype tapes,
the airline’s svstemwide reservations are
handled faster and more accurately. The
new svstem went into full operation last
month after a gradual changeover last
Thanksgiving.

Svstem is an interim one, however,
and United expects to amorhize its cost
within two vears and to install a com-
pletely new svstem about that time.

RAMAC stores its information on 50
metal disks rotating at 1,200 rpm. Up
to five million characters per machine
arc recorded magnetically on  both
sides of the disks by means of a moving
arm. The arm also serves as a pickup
for outgoing data, RAMAC's memory
unit resembles a high-speed juke box.
Only 75% of one RAMAC's memorv
capacity could store all United reserva-
tions for a vear in advance, according
to the airhne.

Information goes into RAMAC from
IBM punch cards fed automatically into
the unit, The cards, containing reserva-
tions information from all over the air-
line's system, are punched in two ways:
by automatic transceiver from stations
uu:]luippccl with these devices, and by
teletvpe tape from stations not so
cquipped.

Seven cities—New York, Cleveland,
Chicago, Denver, San Francisco, Los
Angeles and Seattle—are equipped with
transceivers and United calls them “ma-
chine cities,” Transceiver mformation
i5 transmitted by private telephone line.

The rest are “manual cities” which
work with leased teletvpe circuits. The
machine cities, however, represent about
two-thirds of United’s total trafhc vol-
ume.

RAMAC itself produces a punched
control card when bookings on a par-
ticular flight near capacity, and a stop-
sales message is sent to all points.

RAMAC keeps a running inventory on
all reservations and can be queried at
random for information on any flight.
[t replies by automatic typewnter.

The svstem-wide space situation is
recapitulated every midnight on a chart
produced by RAMAC, the process re-
quiring about one hour.

Before RAMAC went into operation,
the space control center received mes-
sages from all points by telephone and
teletvpe and transcribed the information
manually on charts for each flight,

Next vear United expects RAMAC to
climinate 20-25 people from Denver
alone. The equipment is leased from
[BM for about 519,000 a month.

Cost of the changeover 1s estimated
at $150,000 exclusive of the RAMAC
rental, but savings arc expected to more
than compensate for this expense.

Improved accuracy and speed in han-
dling reservations are the main advan-
tages United Ands m wsing RAMAC,
Time lag 1s reduced by as much as
75% United says.

Pilot Error Blamed
In Northeast Crash

Washington—Civil Acronautics Board
last weck placed the probable cause of
the crash of a Northeast Airlines DC-6A
on Rikers Island, N. Y., on Feb. 1,
1957, to failure of the captain to mam-
tain control of the aircraft and properly
observe and interpret his flight instru-
ments.

In its final report on the accident,
the Board said its investigation showed
“bevond a reasonable doubt™ that the
aircraft and its accessories were func-
tioning normally throughout the short
fight.

It concluded that events leading up
to the accident “point to the actions of
the captain . . . in that he did not
demonstrate the skill and care required
of an airline pilot.” Captain mn com-
mand of the flight was Alva V., R.
Marsh,

The accident, involving a DC-6A on
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lease from Flying Tiger Line, occurred
at night under IFR conditions less than
one minute after takeoff from New
York's LaGuardia Field (AW Feb. 11,
p. 38). The plane crashed on Rikers
Island about one mile north of the
takeoff point while descending n a
slightly low left wing tum.

A total of 101 persons, including six
crew members, were aboard the flight.
Twenty passengers were fatally ijured,
25 passengers and three stewardesses
were sertously injured and 50 persons
suffered minor injuries. Pilot, copilot
and flight engineer were uninjured.

The Board expressed concern over
difhiculties experienced In evacuating
the passengers after the aircraft came

to rest and noted that fatalities and
serious injuries were caused by the in-
tense fire following impact.

[t found that deformation of the
fuselage during the 1,500 ft. ground
slide after the crash jammed the main
cabin door and “possibly other exits as
well.” Absence of cabin lLghts “un-
doubtedly hindered the evacuation of
many occupants,” the Board reported
and added: “The Board 15 studving this

problem from the standpoint of ade-

quicy of the regulations and their apphi-
cation.”

In its conclusions, the Board found
that the gross takeoff weight of the

aircraft was under the maximum allow-
able and was properly distributed.

I|.'. " -r .._

T |

East German BB-152 J‘;'m:.‘..el ﬁispluyéd

oy

Weather at the time of takeoff was
above prescribed company minimums,
It said that course indicator instruments
had been functioning properly until the
time of impact and that there was no
failure or malfunction of the power
plants or airframe,

In its report, the Board also noted
that Capt. Marsh had previously been
in command of two Northeast Airlines
Convairs mvolved 1n accidents at La-
Guardia Field. One, in 1952, was found
by the Board to be the result of pilot
error culminating in a water landing
during final approach. The other, in
1953, was attributed by the Board to
?mpell{'r malfunctioning during the
anding. Neither resulted in fatahities.

Model display of East Germany’s Baade/Bonin 152 jet transport was open to public at Leipzig Fair last week and emphasized high-wing
mockup, with circular passenger windows well below wings. Plane will carry 40 to 70 passengers at cruise speeds of 500 mph. Four

jet engimes produce more than 27,000 Ib. total thrust (AW Dec. 2, p. 43). Medium ran
German designers claim BB-152 can take off in 2,620 ft.

Pilots Like ‘Golden Triangle’ Plan

Chicago—Airline pilots have stamped
their “Goldzn Triangle” experiment a
success in reducing en route air traffic
delavs but warn that outmoded airports
are blocking an overall improvement in
on-time performance.

In a series of papers delivered at the
Aar Line Pilots Assn, Sixth Annual Air
Safety Forum here, pilots tackled the
airport problem as the main reason be-
hind flight delavs and as a threat to the
“orderly expansion of commercial avia-
tion.” According to Capt. J. D, Smith
of Capital Airlines, airport inadequacies
have been pinpointed bv the Golden
Trnangle operation which was intro-
duced by the pilots in July (AW July 8,
F. 45). The program requires all air-
e Hights operating over any segment
of the triangular routes between New
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York, Chicago and Washington to fl
under instrument fight rules at all
altitudes above 9,500 ft.

Smith charged that out-bound de-
lays at airports would continue to back-
log trafhe whether the Golden Triangle
program existed or not because of the
msufhcient and inadequate runwavs at
most airports.  Capt. Homer Mouden
of Bramift Airways said the greatest
runway dehciency lies in inadequate
length.

He added:

“As lhttle as 1,000 ft. of runway
length on 709 of the commercial air-
ports i the U.S. would provide, for
most airplanes, an average increase in
the operational performance margin
cquivalent to an 8% decrease in gross
weight.”

ge jet is expected to be completed in May. East

Smith admitted that the implemen-
tation of the Golden Triangle program
was “‘somewhat slow at frst” but said
it did not bring about the “mass chaos
... originally feared by some.” He said
that near-miss reports have all but dis-
appeared within the Golden Triangle
area and added that many pilots have
urged further expansion of the plan.

Smith reported that use of en route
radar by air route traffic control centers
for climbing and descending aireraft
has resulted in the frst reduction in
workload by both controllers and pilots
in many vears, He said that maximum
use of lateral radar separation instead
of sole use of longitudinal spacing in
moving aircraft has also brought about
a major reduction of delays.

Direct communications has brought
about a more effective means of pro-
viding maximum air trafic  control
service, Smith said,
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Airlift Report Urges Action by Industry

By Richard Sweency

Santa Monica—Airlift 15 a vital part
of todav’s weapon svstems and warfare
techniques. The U.S. does not have
adequate carze airlift to sustain its com-
mitments in case of attack on one of
its treaty allies. The U.S. aircraft in-
dustry should be committed now to de-
veloping cargo airlift airplanes to have
them operational in the shortest pos-
sible time.

These facts sum up a comprehensive
presentation on airhift which culmi-
nated six months’ work by pertinent
studv groups in the 'T'ulsa, Long Beach
and Santa Monica divisions of Douglas
Aircraft Co., as well as corporate level
cftorts. The presentation will be given
widelv to industry and public gather-
imngs in coming months.

Presentation, being given by L, 'l
Pevton under auspices of military sales
within the company, covers present
status, projected needs, actions ¢ r:r:m::a
necessary to satisfy the needs.

Airlift Philosophy

Airhft 15 considered as a transporta-
tion syvstem with the ability to:

e Transport men, materials and weap-
ons at high speeds for long distances,
providing a quick reaction time for
national emergency.

® Provide maximum economy of sup-
plv by reducing pipeline time and total
mventories of men, material and weap-
ons required.

e Provide fast evacuation of our own
friecndlv civilians from  trouble spots
such as Korea, Suez and Hungary, re-
turn wounded personnel to U.S. for
medical treatment.

Use of air supply for high-cost USAF
items during past fhve vears has saved
approximately 59 billion, according to
data gathered for the study.

With cxpansion of Russian control
to more than 27.2% of the world’s land
arca and almost 30% of its popula-
tion, U. S. has formed a number of de-
fensive  alliances: NATO, SEATO,
RIO and ANZUS. Figure 1 shows U. 5.
deterrent  forces, armed with  mod-
crm weapons, stationed at strategic lo-
cations throughout northern  hemi-
sphere. Maintaining these forces at a
high level of combat capabilitv requires
large quantities of materiel to be
moved on a continuous bass.

Three basic requirements for any
transportation svstem are terminal fa-
cilities, fuel supplies and route svstems.
IMigure 2 shows airhelds outside the
continental United States with runway
lengths of 5,000 ft. or more, of which
most are equipped with trained per-
sonnel and modern electromic  flight
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DIRECT DETERRENT FORCES

RTASK FORCE ATOMIC
4~AIR FORCE

)

FIG. 1. Artist's chart shows U.S, deterrent force station pattern in northem hemisphere

COMMERCIAL AND MILITARY AIR BASES

AIRPORTS 5000 FT. OR GREATER

FIG. 2, Available airficlds outside United States have runways at least 5,000 ft. long.

aids. These fields are the ones capable
of handling large, logistic-type aircraft.

Potential supplies of fuel available
are shown in Figure 3, which locates
oil fields, rehning plants and airhelds
with ftuel storage fl;::cilitiuﬁ capable of
sustaining present commercial or mili-
tary operations. Additional fuel facili-
ties arc located throughout the world,
in classihed locations.

Combination of termunal facilities,
fuel supplies and route system indicates
fucilitics meeting requirements of a
highly efhcient air transportation svs-
tem are now in existence and use.

Notable, the study emphasizes, is the

discrepancy between U.S. supply line
distances and those of U.S5.S.R.,
which basically has a short, internal
system compared to United States’ ex-
tended one.

Comparing the required abilities of
airhift, the Berlin blockade and Korean
war illustrated a wide disparity 1 the
abilities of a given airlift confhguration.

USAF had a large number of aircraft
which met requirements for Berhin situ-
ation, 1e., aiwrcraft which could move
many small packages a few hundred
miles. However, with the same aircraft
available for Korea, USAF found itself
in a bad spot, where requirement was
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FUEL PRODUCTION AREAS AND REFINERIES
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FIG. 3. Potential supplies of available fuel felds, refineries, storage for military use,

PRODUCTIVITY OF KNOWN TURBINE

TRANSPORTS IN MILITARY INVENTORY
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FIG. 4. Turbine transport breakdown chart does not include Boeing KC-135 SAC tanker.

to move large packages long distances,
Airlift proved inadequate for demand.

Advent of turbine-powered aircraft
has made air logistics a real possibility
for the first time, It also has put piston-
engine aircraft in the position of being
used past their economic service life.
lacking range, speed, pavload capacities
required for current logistics, and also
lacking configuration required for lift-
Ing current cargo.

Figure 4 shows comparative U.S.
and Russian turbine transport situation,
i type categories and work-producing
capabilities. Douglas study did not in-
clude Boeing KC-135, since it was re-
garded as being restricted to the tanker
role with Strategic Air Command. And
it was noted that U.S. commercial air-
lmes have ordered large numbers of
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turbine transports which could be as-
signed to Civil Reserve Air Fleet pro-
gram, although USAF has no such
aircraft in the inventory or planned,

United States currently has, the pres-
entation indicates, a deficiency in the
required types of aircraft for a complete
atrlift svstem.

Second deficiency the presentation
displays is in the quantity of airlift re-
quired to sustamn present U. S. commit-
ments. Changes m weapon technology
have created changes in concepts and
methods of warfare. Mobility is the
kev to modern warfare—the ability to
shift strength rapidly as a changing tac-
tical sitmation requires, or to avoid
retaliatory blows.

Airlift s indispensible to this tvpe
warfare. Intratheater and intertheater

movement of men and materiel is re-
quired by the fastest means, and sup-
plies must go from factory to battic-
front with the same ability to shitt
quickly en route as the tactical situa-
tion makes changes in terminal neces-
sary. Speed and flexibility are dominant
factors in combat condition, while an
additional peacetime factor is the high
cost of the pipeline being kept full as
necessary of expensive items, both go-
ing and coming.

These factors dictate the amount of
airhift required, numbers and types of
planes necded to fulfill these conditions
of peacctime cold war, hmited “brush
firc” war or all-out war.

Considering the Civil Reserve Air
Fleet addition to currently available
military  airhift, the entire capability
still falls short of that required for a
limited-type war, specifically in cargo
aithft. Adding greater utilization of air-
craft by a factor of two, the require-
ment still 15 not met with all military
and CRAF mcrements included in the
summation.

What U. S. Needs

The summarv of aircraft require-
ments indicates that the United States
currentlv needs modern aircraft with
required range, speed and pavlead ca-
pacities, also necds more airplanes in
sheer numbers alone as well as in num-
bers of the required capabilities.

In the “what do we do about 1it”
section, the presentation declares the
first nceessity to be acceptance of air-
lift as a necessarv part of the modern
weapon svstem.

Needed are long, medium and short
range turbine-powered cargo planes,
long range turbine-powered high speed
personnel carriers, short range person-
uel carriers, The short range airplanc
1§ regarded as adaptable to personnel
and cargo mission.

The presentation does not specify
whether the required numbers and
tvpes of aircraft should be in the exist-
g military fleet or in commercial op-
crations, It urges simply that they be
available as necessary.

In view of the present seven-vear
development cvele of aircraft, or the
required two vears to modify existing
planes, the presentation urges commit-
ments now to insure that the required
bvpes of airplanes and numbers as well
will be available as soon as possible,

To finance the fleet, three methods
are outlined:
¢ Military funding of the entire opera-
tion.

e Limited military funding, plus gov-
ermment assistance to industry to pro-
vide private financing.

* Entire funding by industry.

The second method is advocated as
the most logical and practical, the pres-
entation concludes.
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SHORTLINES

» Air France has extended its Central
Atlantic route to include Lima. Pern,
and Quito, Ecuador. Beginning Apnil
3, when Air France starts its summer
schedules, the Lockheed Super Con-
stellation flight will leave Paris Thurs-
davs at 2:50 p. m. Paris time and ar-
rive in Quito Fridavs at 11:15 a. m.
local time. The return flight will de-
part Quito Saturdavs at 12:15 p. m.
and arrive at Paris at 9 p, m. Air
IFrance savs the new extension brings
the route network of Air France to a
total of more than 185.000 mi.

> Alitalia, National Airlines of Italy,
has announced the purchase of four
Douglas DC-8 turbojet airliners. The
airline also picked up options on two
additional DC-8s. The Italian carrier
will receive the first planes of the 527
million order in time to provide inter-
continental service during the summer
of 1960. The Italian purchase brings
to 138 the number of DC-8s now on

order.

™ Amernican Airlines flew 550,000 pas-
sengers more than 341,500,000 revenue
passenger miles during I'ebruary, a de-
cline of 1.2% and 2.7% respectively
from the same period of 1957

P Braniff Airways is now paving com-
missions to its travel agents for off-line,
domestic transportation purchased by
holders of Braniff courtesv cards, Un-
der the new policy of commuissions for
credit card sales, Braniff passengers mav
pick up their tickets at the airline ticket
counters or at the travel agent’s ofhice.

» Bristol Aeroplane Co. Litd. has formed
a subsidiary company in Johannesburg,
South Africa, to coordinate sales, serv-
ice and other activities of the Bristol
eroup in that area.

® British Overseas Airways Corp. will
move its Southwest headquarters to the
17th Aoor of the Mercantile Building
in Dallas under terms of a 10-vear leasc.

* Chicago Helicopter Airways  fHew
0,280 revenue passengers in February on
its triangular service between Midway-
O'Hare-Chicago Loop-Midwav, Airling
operates 86 daily Hights.

» Columbus Airport Commission has
approved a $2.1 million 6,000 ft. run-
wav at Port Columbus designed for use
by non-jet aircraft. The new runway
will permut exclusive use of an existing
5,000 runwav by jet airliners. Also, a
new terminal at the airport 15 scheduled
to be dedicated next Sept. 21,
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'AIRLINE OBSERVER

® Chances that Civil Aeronautics Board will expedite the General Passenger
Fare Investigation as originally proposed by American Airlines (AW Jan.
27, p. 38) now appear slight, and the case probably will continue thronghout
most of 1958 beftore a final decision is made. Third and final phase of
hearings in the investigation began last week. At the present rate of prog-
ress, hearings should be concluded abont mid-April.

* Airline trafhe m Iebroary continued to follow the recent pattern of
declining load factors and increasing available scat miles. Load factors
during the month dropped to 56.13%, a 2.85 point decline from February,
1957. Both available seat miles and total revenue passenger miles showed
increases.  Iirst-class revenue passenger miles during the month decreased
but a substantial rise in coach revenue passenger miles resulted in a total
ncrease for all tvpes of travel.  First-class load factor for the month was
20.65%, a 2,46 point declime and coach load factor was 55.29%, a 3.46
point drop.

® Bill designed to prevent any domestic trunkline carrier from applving for
subsidy for any period after it has once been established that the carrier is
ineligible for subsidy has been introduced in the House by Rep. J. Arthur
Younger (R., Cal.). '

» Elwood R. Quesada has been sworn in as chairman of the Air Coordinat-
g Committee to replace former chairman Louis C. Rothschild, Under-
secretary of Commerce for Transportation.  The appointment represents
the final step in the implementation of the interim phase of the Edward P,
Curtis plan for aviation facilitics. In addition to the ACC post, Quesada
15 chairman of the Air Modernization Board and special assistant to the
President.  He now sits in a relatively powerful governmental seat in the
aviation held, but his authority is still far from all-encompassing. However,
the amount of pewer that eventually will rest in one position will be deter-
mined by the scope granted to the permanent Federal Aviation Agency when
it 15 established two vears from now, and Quesada is charged with the
responsibility of making recommendations for its  basic organizational
structure,

® Civil Aeronautics Administration is conducting experiments with “light
reflectant” paints to test their value in reducing chances of mid-air collisions
by improving visibility of aircraft. The Daylight Fluorescent Paint used in
the tests is approximately four times more visible than International Orange,
the standard color now being used on aircraft operated by the civil avia-
tion agency.

® Baltimore control tower operators were required to handle the approach of
the Russian Tu-104 during its recent landing at Friendship Airport by
anticipating the airplane’s mancuvers by about two miles to overcome time
lag caused by the translation of instructions to the pilot. NMATS personnel
aboard the Tu-104 on the U, 5. leg of the Moscow-Baltimore flight received
controller’s directions and passed the information to a translator for inter-
pretation to the pilot.

» Capital Airlines 15 resisting a Civil Aeronautics Board subpoena to produce
a study prepared and wsed by Convair covering the airline’s recent purchase
of a fleet of 880 jet transports. Examiner Ralph Wisner wants the docu-
ments becanse he considers them relevant to the General Passenger Fare
Investigation, but Capital considers them a private matter. Meanwhile,
Capital operations officials have been on the West Coast discussing the
transaction with Convair people, while other officials, including President
David Baker, have been in England discussing the carrier’s current loan
with Vickers-Armstrongs.

* Effect of heavy snow storms on airline trafhic in the northeastern area of
the U. 8. duning February 1s underscored by an American Airlines expenence
in Boston on Feb, 16 and 17, Durning the two davs, the airline boarded
only 55 passengers at the Boston airport as compared with the 2,400
normally handled i two davs.
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Airline Traffic—January, 1958

Revenue

Passenger
Miles

(000)

DOMESTIC TRUNK

American. .. .. :

Capital. .
Continenfal.

BB v o e R e R G

MNational, ... , .

MNortheast, .. . ... ... ......

MNorthwest. ., .. .

Trans 'Hnrld
B o e g e

Western .

INTERNATIONAL

Amerlean. ... ........
Braniff. . . ..

'l:nrfhhunn-.ﬁ.!!-n-n.ﬁ.l:- .- -

Delta. . .
Eastern. ... ..

Mafianal. . ...

Morthwest

Pan American
Alaska. .. ..........
Atlantic . .

Latin America. . . .

Pacifle., .........
Panagro.........

Trans Wnrld

United. . ..........

LOCAL
Allegheny. . .............

Ea"“":“' ) 1 ar { L B | 5 E F 1

l:nnirnl.....-...-.--....i:.l

Frontier. . . .. ..

I.nlmﬂlnhul...-.i:.l:::l..

Meohawk . . ...

Huﬂhﬂunhul.-.::::i.‘:-il

Qzork. . .. .
Piedmont. . . .
Southern . _
Southwest
Trans-Texas .

thtl:nnll'

HAWAIIAN

Hawaiian. . . .. ...
Trans-Pacifie® . ... ..

CARGO LINES
Aerovias Sud Americana . .,

Flying Tiger. .
Riddle*. . . . .. .

Secboard & Wesltern -. o]

Slick™

HELICOPTER

Chicageo Helicopter. .. . 1%
Los Angeles Airways. . . ..
New Yaork Airways®. _ ..

ALASKA
Alaska Airlines. . .........
Aloaska Coastal™, . . .. ......

Cordove. ...... ..o ey .

BT ¢ o o i v e 5
Pacific Northern. . ., ...

* Not available.

601,263
173,873
331,455
49,132
230,479
636,063
143, 589
61,943
110,419
361,497
487,998
117,748

10,715
3,910
21,411
6,496
29,793
11,012
8,382

2,801
65,438
102,268
19,628
11,073
15,876
4,632
2,115

32,832
14,847
10,2535
17,871
14,194
30,490
55 341
31,999
30,694
17,462
26,444
19,547
19,083

28,874

3,977
772
2,918
8,674

Revenue | Load
Possengers Factor
%o
402,723 63 5
76,3586 57 8
130,100 5T.9
31,971 53.9
119,785 57.0
394,749 56 92
102,159 L7 |
34,974 46 2
73,091 52.1
295,661 60 .7
332,531 61.3
62,499 56 9
2.371 54. 3
T a7.7
1,304 577
7,507 64 5
41,932 49 35
f 634 30 4
19,474 ar 7
3,358 52.0
81,622 +0.2
108,104 | 63.0
70,538 | &0 . 8
13,687 | 53.4
44 588 47 .8
16,478 54.3
3,28Y% 61.3
5,568 40.5
3,414 44 5
2,107 14 4
4,851 48 .8
2,260 | 36.1
3,708 | 48.1
@, 008 43 .5
3,195 42 .2
6,318 46 .8
3,173 36.6
8,746 47 1
4 457 37.7
3,495 45 53

4,176 57.8

23,823 | 99.4

24,219 | 100
109 4 35 3
88 52 1
1,133 33 1
98| 32.7
179 55 9
5,952 39 6

U. 5. Mail

| N o

1,624 B18
289,447
500,279

¥2,616
373,370
938,744
328,155
105,111
373,393

1,035,705

2,346,915
267,016

9,655
17,198
1,563
7,305
106,996
9,348
951,885

28,843
1,139,773
385,095
990,457
66,1791
791,347
79,8606
498

9,143
5,117
3,615
16,940
3,073
4,518
21,025
11,155
13,177
7,843
9,526
13,221
3,895

3,382

34,502

22,958
3,215

BN e

94,306

Compiled by Aviation Week from airline reports to the Civil Aeronautics Board.

Exproess Freight |
Fr4,260 6,505,113
137,730 429,097
230,963 323,499

446,264 141, 5460
246,348 @21,101
415,530 1,028,508

59,200 541,202

29,754 75,680
214,188 684,065
535,824 1,743,930
799,066 4,402,067

98,4628 223,950

278 282,946
77,918
3,557
346,533
oy B 89,574 |
5,440 48,794
15,722 477,714 |
T 150,382
2,074,058 |
3,974,684 |
1,309,271
384,153
571,201
av. 519
..... 5. 589
13,715 11,931
2,334 5,885
1,994 7,359
3,799 50,497

12000 | cugen e

11,899 | 14,670

26,488 My

13, 440 9,835

8,328 B,225
8,538 3,651
3,890 4,310
2,251 21,924
1,673 3.756
|
______ 106,726
I
——— 571,833 |
17,562 8,120,935
1,054,970
1,457
107, 990
a,920
1,480
.......... 194,776 |

Toatal
Revenue
Ton-Miles

—

47,674,569
B,215,795
13,488,041
3,354,606
13,096,737
40,470,323
10,880, 199
3,574,596
B, 295,699
31,702,451
41,461,218

6,534,572 |

1,281,483
974,883
162,879
BB7, 640

4,555,498
876,708

3,530,601

540,241
11,984,040
14,981,009

9.620,588
1,948,276

T
Revenue to
Available
Ton-Miles

6,131,941
1,849,484
362, 354

566,945
440,068
215,101 |
538, 871
232,218
577,377
913,324
531,392
636,380
3724, B44
566,179
472, 659
343,397

446,728

271,833
10,535,305

-é;#Té;éﬁﬁ |

11,972. 4
13,878

241, 552
20,066

21,513
934,706
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NOW AVAILABLE!

Faster, cooler, more economical
starting for commercial and
military jet aircraft!

Proven, portable Jupiter® gas turbine compressor units in

various configurations are available for rapid delivery to
atrports, airlines and military aircraft and missile installations

.:-~ i
1 k- | i
= h:-'-mm!-..hﬁ' o T —

Jeep Mounted MA-2 Unit

MA-3 Ground Support Vehicle Dolly Mounted MA-2 Unit

NOW, FOR THE FIRST TIME, Solar’s portable Jupiter starting and servicing units are
available for off-the-shelf delivery! The dependable gas turbine units are used
to provide large volumes of compressed air to start today’s high-thrust jet engines
—as well as shaft power for other important ground support applications. Compact
and lightweight, the units can be mounted on self-propelled vehicles, small trucks
and carts, and even on small boats to service advanced jet seaplanes. Besides
reliability, compactness and low weight, the economical Jupiter-powered units
are easy to maintain, start instantly under severe temperature extremes and can
be operated on almost any available fuel. For more information, write to Dept.
D-159, Solar Aircraft Company, San Diego 12, California,

SOLAR

AIRCRAFT COMPANY

SAN DIEGO
DES MOINES
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FROM THE WORLD

Announcing...

THE NEW JET-PROP

boat desvcoe VISCOUNT

LOCAL SERVICE VISCOUNT

. . . a new short-sector aircraft to meet the high-frequency
and economy demands of local service routes.

Proved Performance

Backed by over one million hours of world-wide oper-
ating experience with over 250 Viscounts. Performance-
proved Rolls-Royece jet-prop *“Dart” engines are
unsurpassed for reliability and ease of maintenance.

High-Density Capacity

Accommodations for up to 65 passengers. Handsome
interior furnishings are exceptionally hard wearing.
Carry-on baggage racks are provided.

Routing Flexibility

Can operate from 5000’ runways (shorter with slightly
reduced weight) . . . ean fly up to 5 short sectors with-
out refueling or ground servicing.

Fast Turn-Around

Cargo can be loaded while #4 engine is running, driving
generator and hydraulic pump, permitting internal
starts. ..underwing fueling (in addition to overwing)
. integral passenger steps hydraulically operated.

LEADER IN JET-PROP AIRCRAFT

.F-E"WE.EEH 8Y FOUR ROLLS R‘ﬂ YCE DART ENGINES

Built-In Passenger Appeal

27 airlines report, “wherever the Viscount flies, traffic
figures rise” —an average of 359;. Reason: jet-prop's
smooth, silent speed and comfort. Viscount is the
plane more passengers ask for by name.

Low Operating Costs

As demonstrated by actual airline experience, Viscount
operational costs are lowest of all modern 4-engine
aircraft. The new local service Viscount will be highly
economical even on the shortest routes.

Rugged Construction

In this Viscount development special attention has
been paid to the conditions of low-level operation. The
landing gear and systems operated in the landing and
take-off eyele are particularly rugged.

Further Information . .

For a complete cost analysis of your specific routes by
an experienced Vickers engineering team, eall or write:
Christopher Clarkson, U.S. representative, 10 Rocke-
feller Plaza, New York 20, N. Y.

SPACE TECHNOLOGY

WORK-REST schedule helped Donald Farrell (left) overcome psychological hazards of isolation in space cabin simulator experiment at
USAF School of Aviation Medicine, San Antonio, Tex, TV picture shows him winding alarm clock. Rescarchers monitor at right.

Work Helps Man Endure Space Isolation

Experiments simulating a flight to
the Moon demonstrate that a man can
overcome the psvchological hazards of
isolation if he follows a schedule of
work and rest which keeps his mind
busy.

A volunteer airman, Donald G. Far-
rell, spent a full week working in a
space cabin simulator at the USAF
School of Aviation Medicine at San
Antomio, Tex., and he emerged from
the experiment in good health-and with
none of the serious psychological prob-
lems which can occur in an extended
perniod of isolation.

Total Isolation Difficult

In contrast, experiments in total iso-
lation conducted bv Wright Air Devel-
opment Center at I}u’fun Ohio, indi-
cate that it is very difficult for man
to endure this condition for more than
24 hr. Longest period a man has been
able to stand this high degree of isola-
tion has been 44 hr., and the expen-
ments show a serions n:h:grDL' of psvcho-
logical hazard for humans in this state
of confinement.

Dhfference between the cxperiments
at Davton and San Antonio lics in the
fact that WADC is exploring the basic
patterns of human response to  pure
isolation while the School of Aviation
Medicine is experimenting with work
schedules which will keep the subject’s
mind busy and combat the psvcholog-
ical problems of isolation.
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Of the two approaches, the San An-
tonio expenment 15 closer to the prac-
tical aspects of the era of space flight
man i$ now entering. A man going into
a satellite orbit or traveling to the
Moon will have a variety of stimuli to
help him combat isolation problems.
These will include constant communi-
cation with his base on Earth, tasks
imvolved 1 handling the space vehicle
and the excitement of explonng.

Conducted in an ..ltlﬂﬂ-’:-[.‘l-]'l{.rt of in-
tense and widespread publicity, the San
Antonio E"-.}'JLII:ITI.LI'.II' showed that a man
iwolated In a space cabin under a work-
ing schedule which keeps Ins mind
occupied will not sufter the hallucina-
tions or other problems associated with
boredom and i1solation. The unsolved
problem now is to set a work schedule
that will effectively combat fatigue and
keep the space flier's proficiency up.

Environmental Conditions

The vehicle which carries man into
space will have to provide the same
kimd of environment arrell had in the
space  cabin  simulator.  Temperature
and humidity will have to be kept at
acceptable levels, as will utmml::]huic
pressure.  The svstem must  provide
oxvgen and absarh cathon dioxide: it
I‘.III.I':-[ furmish food and water, and it
must dispose of human wastes.

Although Farrell's cabin provided
this kind of environment, it was not
a completely self-contained machine.

The cabin has about 100 cu. ft. of
space, most of it in a cyvlinder which
is approximately 5 ft. htgh and 3 ft.
in diameter. Farrell sat in this cylinder
facing a batterv of testing and record-
img equipment with which the exper-
ment was conducted.

Farrell took his water and food into
the cabin with him. In the seven davs.
he drank an average of two liters of
water per dav, resh oxvgen was sup-
plied from an outside source, and Far-
rell kept the carbon dioxide level down
bv using a baralvime absorbent. His
waste matenal was stored m sealed
plastic containers.

18,000 ft. Simulated

Atmosphere was maintained at a
simulated  altitude of 18,000 ft., al-
though oxvgen content was ]-.Lp’r al
around level pressure. Humidity ranged
between 40% and 52%, and tempera-
ture was maintained near 75F, although
it occasionally got as high as 85F,

Farrell was chosen Ejr the experi-
ment becanse, the medical researchers
sav, he s a “good, normal human
bemg.” e was probably higher than
average in his will to perform and had
4 high level of motivation all the wav
through.

Cabin atmosphere was taken to the
18,000 ft. level at a rate of 500 fpm.,
and Farrell began a week of working
and resting on a schedule based on a
+-hr, cvcle. During the test, doctors
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ROLLS-ROYCE
TYNE

PROP-]JETS
power the

VICKERS VANGUARD

Vanguards have been ordered by
British European Airways
and Trans-Canada Air Lines

The Tyne is an advanced twin spool e
high compression engine in the g,000 h.p. ,-._J.-_-‘ S
class. It has been designed to give o
a very low specific fuel consumption
and is backed by the unique experience
gained by Rolls-Royce in more than
4,000,000 hours operation of gas turbine

engines in scheduled airline service.

ROLLS-ROYCE LIMITED, DERBY, ENGLAND.

AERO ENGINES - MOTOR CARS - DIESEL AND PETROL ENGINES - ROCKET MOTORS - NUCLEAR PROPULSION
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SUBJECT in Acro Medical Laboratory's isolation room. He is seated in an escape capsule

mockup. Note anechoic forms on ceiling, refrigerator in back. Officer's goggles are off.

took frequent clectrocardiograms  and
measured the amman's r{l”'.plIltUH' rate.
Other phvsiological data will come
from analysis of Farrell's waste ma-
terial.

The cabin was Atted with two tele-
vision circuits, A camera inside the
chamber was designed to give research-
ers a view of Farrell on their monitor,
but this syvstem broke down after the
second dav and researchers were forced
to rely on a small peephole and signals
from the suhjcct

The second TV circuit broadcast the
problems that Farrell had to solve dur-
mg his 4-hr. work periods. The prob-
lems appeared on the screen, and Far-
rell responded to them on a panel of
buttons and switches under the TV
tube (AW Jan, 27, p. 49). A com-
mand panel at the side of the screen
contained such things as switches for
TV adjustment, signals to begin or
stop work and a switch marked "I'm
okay.”

Fatigue Problem

Television display was on only dur-
ing the 4+-hr. work period. FFarrell was
allowed to mmprovise his dﬂtmllr.:'s dur-
ing the rest period to see what pace for
exercise and other activities he would
set for himself. Psvchologists also
wanted to see how the subject wonld
arrange his sleep schedule m COmpen-
sate for sleeping time stolen from him
bv the work-rest cycle.

This work-rest cyvele eliminated such
problems as hallucinations which occur
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during long periods of isolation or bore-
dom, But the cvcle did not do a good
job of combating fatigue. Preliminary
results indicate that fatigue started to
affect Farrell's proficiency on the third
dav, and it followed a general down-
ward trend through the experiment,
This was reversed on the last dayv when
I'arrell perked up somewhat with the
“end spurt” that human beings seem
to be able to produce when they know
the end of an ordeal is in sight.

I'urther experiments will be con-
ducted to And the best work-rest cyele
for flights of any given duration. Basic
problem in this testing will be to find
a schedule that ehminates tlu: fatigue
factor and keeps the airman’s profi-
ciency at a conhimung high level.

Separate Test

Scparate test was performed by Far-
rell in addition to the problem-solving
with the TV screen. During one of his
rest peniods, the subject worked on a
simple performance test for an hour
cach day. It involved making 4,000
additions of one-digit numbers, and
Farrell not only maintained his pre-
EhFILHII'ILIlt puf&mmucc level, but -
proved it. Through practice, he was
able to finish the test before the end
of the hour by the time the week ended.

This indicates that the simulated
medium altitude and 1solabion did not
impair performance in this measure-
ment of concentration, vigilance and
motivation. Motivation 15 a considera-
tion here because the subject knows he
must work as fast as possible, and the
psvchologist wants to know whether the
subject still cares enough to make the
cftort.

Unlike experiments where the sub-
ject was kept in complete isolation, the
cxperiment at Randolph AFB provided
Farrell with plenty to do m order to
supplv his mind with the normal ratio
of sensory inputs. This factor made it
a more accurate simulation of space
flight than the pure isolation tests.

An important consideration in the
cflects ug boredom and isolation in
space flight is the fact that the space
cxplorer will have constant two-way
communication with his base on Earth
and will have various technical func-

Tracker Photographs Sputnik 1 Rocket

Sputnik I missile stage is photographed at about 350.mi. distance by Perkin-Elmer ROTI
optical missile tracking system operating at Melbourne Beach, Fla. Tracker has varying
focal lengths up to 500 in., has 24-in. aperture. Fuzziness is probably caused by variations
in air density as a resnlt of currents and turbulence at high altitude,
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LOCKHEED

ELECTRA

BASIC DESIGN
OBJECTIVE:

Economically Sound—
for “Turbine-ﬁge"
Shori=to=-Medium Haul
Airline Operations!

Why Emphasis on Sound Economics?

The Airline Enigma—"Profitless Prosperity”

Today, airlines in all parts of the world face a unique
dilemma. Traffic and gross revenue are growing rapidly.
Bur costs of operation are growing even more rapidly,
shrinking or even wiping out profit margins.

Airline directors, management, banking firms and gov-
ernment agencies are confronted with this problem at a
time when airlines face monumental new capital costs
in re-equipping for the turbine-age.

The Importance of Sound Aircraft Economics

Passenger-airplane economics involve two interacting
groups of factors: (1) First costs, flight and maintenance
costs, overhead. (2) The airplane’s payload and revenue
potential at pre-fixed rates.

This relationship establishes the relative profitability of
any airplane.
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However, analysis of an airplane’s relative profitability
is valid only when these economic factors are applied to
the specialized "“use and environment” in which it will
operate.

Airline “uses and environments" divide into three basic
patterns. The clearly defined “long haul” and “short
haul”...and the less clearly defined “medium haul”

“Short-to-medium hauls” generate 35% to 65% of all
the world’s air traffic. However, overhead and operating
costs are relatively higher in this area because of shorter
flights, comparatively more time spent on the ground
and higher passenger unit overhead.

Yet profit or loss in “short-to-medium haul” operations
determines over-all airline financial success!

LOCKHEED ELECTRA—The Only Realistic Answer
fo the Turbine-Age Need for Sound Economics in

Short-to-Medium Haul Operations.

Specific Economic Design Objective:

Not too big to operate profitably with few passengers on
thinner traffic density routes...

But big enough to operate on high density routes with
frequent schedules for maximum passenger appeal.

TURBINE POWER

Turbo-prop NOT Turbo-jet, to produce wide margins
of superiority in operations requiring many stops, many
take-offs and landings which require: (1) Wide choice
of cruise altitude flexibility; (2) No new techniques in
air traffic control, approach, holding or landing. (3)
Sure stops on short or icy runways. (4) Quick accelera-
tion for “go-arounds!’ (5) Shorter maneuver times. (6)
Lower “holding™ altitude and costs.

Electra functional design features were defined by the experi-

ence of American Airlines and Eastern Airlines, checked by the
sponsorship of:

Aeronaves de Mexico = American Airlines - Ansett/ANA of Australia e

Braniff Airways « Cathay-Pacific Airways = Eastern Air Lines - Garuda

Indonesian Airways « KLM Royal Dutch Airlines « National Airlines =
PSA— Pacific Southwest Airlines « Western Air Lines

SFEED

Fastest cruise speed needed, considering short average
times at lower cruise altitudes. Produces shortest elapsed
times on “many-stop” schedules—with full all-weather
operation.

SHORT-HAUL EFFICIENCY DESIGNED IN

Electra special abilities include :

—Ability to make many stops without en route refueling.
—Quick en route servicing for short stop times accom-
plished by: “Packaged,’ separate electrical, hydraulic
and air-conditioning centers, “One point” high speed
refueling. “Systematized” simultaneous servicing and
passenger loading. “Broad Vision” windshield. “Carry
on” baggage facilities.

THE PROPER TOOL FITTED TO THE JOB

LOCKHEED

AIRCRAFT CORPORATION

Burbank, California o
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HEATING BLANKETS 4

FOR MATADO{—\

HGN}YC¢£ B\ﬂ\NlJléG

The Martin Company, in producing its bonded
honeycomb airfoil surfaces for the Matador
missile, uses an electric heating blanket which

can withstand at least 100 bonding cycles without
replacement,

[
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The heating blankets, custom produced by Safe-
way Heat Elements, can deliver from 400 to as high
as 1,200 watts per square foot. They are composed
of alternate layers of glass-cloth-reinforced silastic
sheets, woven resistance wire heating elements, and

copper screening for additional reinforcement and
heat diffusion.

The bonding fixture is closed on the airfoil surface
and air pressure forces the skin in upon the honey-
comb. At the same time, heat built up by the blanket
sets up the structural adhesive resin.

The present cure cycle is 30 minutes at 310°-330°F and from
15 up to 100 psi plus preheating and aftercooling cycles. As little

as 1 hour, 25 minutes is required to complete a Martin honeycomb
structure.

If it has to be heated (and the “it"
can be just about anything), you

can rely on Safeway engineers to

study your problem and — without

obligation — submit an HEAT
appropriate recommendation.

For your copy of a fact-filled ELEMENTS
folder, write to: INC

680 Newliield Street . Middletown, Connecticut
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tions to keep lis mind occupied. He
also will have the stimulation of dis-
covering new things and an awareness
of the importance of what he is doing.
All these things will combat whatever
psvchological dangers exist from isola-
tion.

More Experiments Planned

Space Medicine Department here will
conduct more experiments of this tvpe
to Aind out more about how man works
best in a sealed environment.

Some tests will be shorter than the
Farrell experiment, and others will be
longer, although 14 days is probably the
practical limit on tests in the one man
chamber,

A two-man space cabin simulator is
i the works and should be ready- for
operation when the School of Aviation
Medicine moves to new quarters about
a vear from now.,

In Dayton, WADC 1is conducting
comprehensive tests which indicate that
total isolation is a difhicult condition for
man to endure for more than 24 hr.

Fact that a high degree of isolation
rapidly breaks down the resistance of
even seasoned scientists who have ex-
penienced previous bouts with the silent
treatment 15 underscored by these re-
sults,

Longest stay in the isolation cham-
ber was 44 hr. A medical officer
who volunteered for the test was told
to try to stay in for 72 hr., although
he could abort at 45 hr. But he could
not remam in the chamber for two
full days. Other men, trying to stay in
as long as possible, lasted 2§ and 20
hr. respectively., All three tests have
been conducted since the hrst of the
vear.

Like prolonged weightlessness, an-
other of the several unknown conditions
of space flight, (AW Feb. 3, p. 50), true
isolation does not exist on Earth un-
less produced synthetically.

Unlike weightlessness, isolation can
be created on the ground for extended
periods of time without unduc difh-
culty.

Continuing Research Program

A continuing research program in
isolation studies 15 being conducted by
WADC’s Stress and Fatigue Section,
Biophysics Branch, Aero Medical Lab-
oratory, by shutting men in a 6 x 12
ft. room with an 8 ft. ceiling and sub-
jecting them to a very high degree of
isolation,

Program started last vear with short
periods of exposure to isolation. Initial
duration was 4 hr. This was quickly
cxtended to periods of 6, 16, 24 hr.
and more, if the subjects could take
it

Door to the room is always unlocked
so subject can walk out on the experi-
ment any time he 1s so inclined.
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A medical officer of the Stress and
IFatigue Section told Aviarion WEeEek
that “we are trving to study the basic
patterns of human response to isola-
tion, confinement and sensory depriva-
tion. . . . The dual goals of our isolation
studies are:
® “To broaden medical horizons con-
cerming what conditions of perceptual
input allow a man to operate most
efhiciently under isolated conditions.
Purpose 1s to allow space vehicle de-
signers to give crewmen the best en-
vironment possible to facilitate per-
formance of their tasks. Conversely,
studies will also show what perceptual
inputs to avoid because of their poten-
tial danger to the crew.

* “To produce a stress on subjects
which 15 analogous to stresses which
will be found in space flight. Purpose
is to accumulate data on what type

Jupiter Sie Contrasts With edstune

of men, psychologically, are best suited
to space flight.”

Tests to date are far from complete.

However, WADC medical specialists
are drawing these preliminary conclu-
sions:
® Isolation tends to bring out any un-
conscious  psvchological  problems
within an individual.
* Persons who rely on external stim-
uli to maintain internal psychological
equilibrium will probably make poor
space travelers as will people with
schizophrenic tendencies,

To duplicate total isolation as closely
as possible, Fiberglas wedges were in-
stalled throughout the room to make it
a sound-deadening chamber. Tempera-
ture was maintained at a comfortable
76-80F,

Two basic ingredients of the isola-
tion produced by the stress and fatigue

ey - 1.‘_.

Inspector examines mockup of 1,500-mi. Jupiter (top) which is being used during fabrica-
tion of production equipment at Chrysler Corp. Army missile plant near Detroit. Below,
mid-section of 200-mi. Redstone is assembled at same plant, where both missiles are in

production,
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Esso is clearly the lender. Airlines know that quality saves
them money in the long run. Esso Aviation Qils are backed by
intensive research, comprehensive service tests and millions of
hours of actual use in commercial air transports. In recipro-
cating engines, Esso oils prevent piston ring sticking and lessen
the formation of sludge and other hormful engine deposits.
With an unusually high viscosity index, Esso Aviation Qils main-
tain fluidity at low temperatures yet provide a tough shield
when hot. Esso oils can be relied upon to reduce wear of
cylinders, bearings and other critical engine parts.

In aviation turbine oils, the synthetic EATO 35, perfected by
Esso in 1949, is still the only oil approved for the world's most
advanced turbine airliners.

Both types of cil reduce maintenance costs while increasing
the time between overhouls.

=S (Esso)F—

90% OF ALL INTERNATIONAL AIRLINES USE ESSO AVIATION PRODUCTS
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USAF Group Gets Bomarc Training

Ofhcers from 4751st Air Defense Missile Wing, 73rd Air Division, Tyndall AFB, Fla.,
have finished five-month course in use of Bomare interceptor missile (background) at Boeing
school in Seattle. Model in foreground is of proposed Bomarc base. Ofhcers will transfer to
Boeing Pilotless Aircraft Division, Seattle, for additional training, then to test firing unit
at Cape Canaveral, Fla.,, finally to Bomarc operational test base near Eglin AFB, Fla.

medical research personnel were un-
patterned sound and light.

¢ Unpatterned sound, also called
“white" sound because, hike white light,
it 15 a combination of all sounds, 1s
produced by a special electronic sound
generator. The sound is a combination
of roar and hiss—a scrambled sound.

¢ Unpatterned light 1s achieved by pro-
viding a very dim light source in the
room—too dim to read by. Subject is
required to wear goggles of frosted
glass which so diffuse the light that
e cannot determine point of light
source, see or distinguish anything. Re-
searchers expressed the subject’s light
scnsation as, “hike living in a heavy
fog.”

Subject had no time orientation be-
cause the light remained constant,
without any indication of diumnal
change, and he could not see a watch
if he had one.

Room provides the subject with
basic necessities for a reasonable
degree of physical comfort. He has a
cot on which to relax and sleep, a
mockup of a cockpit capsule which
gives him a place to sit and a desk-like
board which serves as an eating tray.
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He has a refrigerator supplied with cold
foods and liquids, and a chemical
toilet and relief tube.

Before starting the experiment, sub-
ject and dietician work out a menu.
All food, contained in plastic boxes,
15 coded with strips of tape so subject
can identify by feel the three basic
constituents: meat, vegetables and
bread or pastry. Several liquids, such
as water, milk and fruit juices, are also

rovided, Subject maneuvers around
115 room by groping,

Observers cannot look into the
isolation chamber, They depend on a
two-way mtercommunication  svstem
and a skin resistance meter to follow
the subject’s progress. The meter is an
index of changes in the subject’s
autonomic nervous system. Resistance
of the skin’s surface to a very small
clectric current varics with his activity;
the higher the activity, the lower the
resistance.

Output of the skin resistance meter
is inked on a strip chart to give a per-
manent record of the subject’s activi-
ties from the time he enters the isola-
tion chamber to the time he leaves.

Sources of current for the skin

THERMAL ond FLUID
DYNAMICS
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Eimac Announces...

Five New Ceramic Reflex Klystrons

A new C-band tube, the 1K125CA covers 3700 to 4400
Mc. Power levels up to 2 watts make this tube ideal for
reliable broadband point-to-point communication. Tuning
by dielectric slug rather than variable RF gap avoids sen-
sitivity to shock and vibration, Integral-finned cooler and
higher operating temperature ratings minimize cooling

Two important frequency ranges in the C, X and K bands
are now covered by Eimac reflex klystrons. Eimac’s ad-
vanced stacked ceramic design gives these tubes excep-
tional ruggedness and frequency stability.

The four new tubes of the 1K20 series cover 8500 to
11,700 Mc., at power levels up to 50 milliwatts. They are
specifically designed for use in the severe environment of
air-borne and missile radar systems. They will withstand
vibration levels of 15G in any reference plane, with less
than 100 kilocycle frequency deviation. Low beam volt-

requirements.

age requirement and simple radiation cocling minimize

the weight and complexity of associated equipment.

More information on Eimac reflex klystrons is avail-
able from our Application Engineering Department

EITEL-McCULLOUGH, INC.

BE R U N O

Em ?mt' with ceramic tubes that can take it

S A N

C A LI FORMNI A

GENERAL CHARACTERISTICS

1K20 Series X and K Band Klystron (left)

1K125CA C Band Klystron (right)

Eimac know-how in the field of ceramic-metal tube design
now brings compactness, ruggedness, high performance
and reliability to these important microwave frequencies.

resistance meter are strips of  special,
electricallv-conductive cloth which are
sewn mto the mmner soles of cach of
the subject’s socks.

Thev are held against his feet by
foam rubber pads to keep pressure be-
tween  conductive cloth and  foot as
constant as possible.

Wires from the foot conductors run
up the man's legs to a special harness
attached to his belt to prevent him
from tripping over the wires,

Longest stint in the isolation cham-
ber was conducted in Januarv. A med-
cal officer—a captain—was told to trv
to stay isolated tor 72 hr., although he
could abort after 453 hr. in the cham-
ber,  (Important  factor 15 that  the
same man had three other exposures to
isolation  conditions and  techmicans
have determined that expenience helps
subjects to endure such an environ-
ment).

Subject Irritated

Iirst 24 hr. were spent going through
the normal routines of eating, walking,
sitting and sleeping. However, not
having any time reference, subject
compressed the intervals between eat-
ing and sleeping and shortened his
sleeping time to the extent that, in 24
hr., he thought he had been m the
chamber 36 hr. Period from 24 hr. to
40 hr. was spent mostly by eating
snacks and napping.

At about 40 hr. the fact that he had
no time onentation began to 1mtate
subject and he became agitated. He
repeatedly  asked what time 1t was.
(Observers, although thev could have
answered him, remained silent.

He then started complaining  that
the chamber was getting hot, although
the temperature remained  constant.
Toward the end, the subject began to
threaten to walk out if nobody told
him the time,

Leaves Chamber

Finallv, when repeated requests and
threats made in an effort to get the
correct time resulted in nothing but
silence, the ofhicer walked out of the
chamber 44 hr. after he had entered.

Although the subject was highly
irritated, he quickly recovered. Later,
he said it was illogical of him to have
stopped the experiment because  of
the time factor.

Another volunteer, who aborted
after 20 hr. of wsolation, did so be-
causc the refrigerator broke down. Yet
he knew that the food would have kept
for another 24 hr. at lecast, which
would have allowed him to tic the 44
hr. record.

Next step at WADC's Stress and
Fatigue Section 1s to vary the patterns

RAF to Buy Missiles,
Cut Aircraft Outlay

London—Roval Air Force will spend
nruch less on airframes and engines and
substantially. more on armament, par-
ticularly gmided weapons, in the coming
hnancial vear. Air estimates for 1955-59
show net RAF spending will be 51,3508
milhon, compared with $1,365 million
for 1957-538.

Reduced spending on aircraft and
engines 15 due in part to fact that RAF
now has all its Hunter hghters and
Valiant bombers. Spending will be
mainly on the later V-bombers—Avro
Vulean and the Handlev Page Victor—
and on the Enghsh Electnec P, 1. Ms-
sile force buildup will continue,

Thor Missile Personnel
Training at Douglas Plant

First Thor missile squadron person-
nel are in traiming at the Douglas plant,
Santa Momica, Calif. Officers and men
now m trnning will instruet Air Force
personnel in the Douglas intermediate
range  balhstic missile.  Hand-picked
from Air Force bases throughout the
world, the group 1s on temporary duty
from the Strategic Air Command’s
392nd  Missile  Training  Squadron,

Cooke AFB, Calif.
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( cuuising opeed )
5 MPH plus!

Pur the new Sensenich Model
M74DR metal propeller on your
Cessna 170 or 172. At the same
engine RPM vyou’ll increase your
. cruising speed at least 5 miles per
hour without sacrificing rate of
climb! Sensenich Model MT74DR is
lighter, shorter, has lower tip speeds
yvet has a higher endurance factor.

(et maximum performance,
greatest efficiency and economy—
replace now with the C.A.A.

approved Model M74DR. Write,

Neither

SLEET
nor SNOW

interrupt production

In

JACKSONVILLE

FLORIDA

Distribution center of the South-
east, lacksonville offers you a year-
round production climate. Shutdowns
because of weather are almost un-

known. Absenteeism because of sick-
ness 15 low,

Jacksonville’s wonderful climate,
plentiful skilled and wunskilled man-
power, ample electricity, industrial

water and exceptional transporto-
tion facilities provide an ideal back-
ground for many types of industry,
warehouses and branch offices.

Living, of course, is delightful.
Cultural and recreational facilities
are exceptional.

Write today for “THE JACKSON-

VILLE STORY", a condensed, foctual
industrial report. Ask about our com-
plete plant site files and available

local financing.

IDEAL EVERY DAY FOR WORK AND PLAY
The CITY OF JACKSONVYILLE, FLORIDA
Electric & Water Utilities

Power Output Reflector of light and sound to determine which wire or phone for details. The Committee of One Hundred
Type Freq. Range Mc.  Beam Voltage Range Yoltage are the most casily supported by 1sola- SENSENICH CORPORATION Jacksonville Area Chamber of Commerce
1K125CA . 3700-4400 1000 Vdc 1.5t0 2.0W 0 to —1000 Vdc tion study subjects. Depl. W, Lancaster, Penna. 404-A Hogan Street Phone Elgin 3-8161
20Xs. . . . 8500-9300 300 Vdc 25 to 50 mW 0to —250 Vde
IK20XK . . . 9200-10,000 300 Vde 23 to 50 mW 0to—250 Vdc AVIATION WEEK, March 17, 1958 47
1K20XD 10,000-10,800 300 Vde 23 to 50 mW 0to—250 Vdc
1K20KA 10,700-11,700 300 Vde 25 to 50 mW 0to —250 Vdc

Additional Frequency Coverage to be announced soon



LOUNGES and GALLEYS

TO INDIVIDUAL AIRLINE REQUIREMENTS

GALLEY installation in DC-6, fabricated to
customer specifications. All galley and buffet units

are made of lightweight materials and can
withstand loads up to 12 G’s. Equipment may
include electric ranges, broiler and oven units,
refrigerators, dry ice storage, liquid
containers and coffee makers.

DC-6 and DC-7
LOUNGE UNITS typical

of those designed, engineered,
and installed by AiResearch
Aviation Service for some

of the world’s leading airlines,
including American, Pan
American, Swissair, Braniff,
KLM, Panagra, CPA and
Japan. Berthable and curved
lounges are fabricated on a
production basis by highly
experienced personnel.

AiResearch Aviation Service Company does complete
design, engineering, fabrication, static-testing
and installation in our own facilities

We will meet all specifications for your airplanes’
lounges and galleys. Requirements as to design,
beauty, durahility, capacity, weight and space
limitations and delivery dates can be assigned with
confidence to the experienced personnel at
AiResearch Aviation Service.

Our facilities can easily handle all projects. We
have more than 150,000 square feet of floor space.
Each of our four bays can completely encloze the

largest four engine transport, insuring an uninter-
rupted schedule of installations under all weather
conditions.

Also under the same roof are complete engineer-
ing facilities and sheet metal, fabric, wood and
machine shops. We operate to customer specifica-
tions and will do any or all original planning as
required.

Your inquiries are invited.

CORPORATION
lfIiI?esearch Aviation Service Division

International Airport, Los Angeles, Calif. » Telephone : ORegon B-6161

Conversion and Modification * Custom Interiors * Electrical and Instrument = Radic and Elecironics * Engineering Service * Turmn-Around Service

Light Rubber Balls
Store Missile’s Air

Pneumatic system for the hrst stage
of Army’s Jupiter-C ballistic missile
utilizes rubber spheres, reinforced with
glass and resin, for storage of high pres-
sure air. Containers are said to be up to
40% lhghter than steel containers for
the same volume and pressure.

Rubber compound used in the
spheres was developed by the B.F.
Goodrich  Industrial Products Co,,
Akron, Ohio. Goodrich ships hemis-
pheres of the one-eighth inch material
to Apex Reinforced Plastics Co., divi-
sion of White Sewing Machine Co.
Apex bonds the halves with adhesive
and reinforces the balls by winding
them with a continuous cord of epoxy
resin-impregnated glass Aiber yvarn. The
15-in. spheres are given a half-inch pro-
tective shell of glass hber varn, xxluu:h
totals 39,200 mi. of filament for each
ball. Rubber spheres operate successtully
in a temperature range from —65 to
+ 200F, EPJIIS have survived 65,000 test
cycles, from zero pressure to 3,000 psi
and return to zero, without failure.
Apex savs balls can be used wherever a
liquid or gas must be contained at high
pressure.

Inter-Conference Missiles

Missile age terminology, fabricated in
the aircraft plants and launched from
the pads of Cape Canaveral, often misses
the pre-selected target area and impacts
in the Madison Avenue conference room.
Word engineers there design their own
models, productimprove them rapidly,
and press them into operational service
on @ crash basis,

‘T'erms now undergoing flight test or al-
ready in the inventory:
® “Let’s reeyele to T Minus 180, gentle-
men, to make sure evervone has the
picture.”
® “It's already in the nose cone, Harve.
We'll have to wait and see if it orbits.,”
® “What a campaign! BBD&O will
really dump the LOX when we launch
this one!™
® “Frankly, I don’t think we have to
worry about the front ofhce until we ac-
tually get into the countdown.”
® “Sam’s got a good idea. He just can’t
seem to get off external power.”
® “It's tough, man, tough!” I hear they
had to roll the gantry back up again.” |
¢ “It's got feasibility, Jim, Let's put it
on the Atlas and see if it gets off at
Ascension.”
® “We could still punch the destruct
button, but the client won't want to
| pick up the tab.”

These are rapidly becoming known, of
course, as ‘“‘Inter-Conference Ballistic
Missiles.”
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Digital Computer

Transistorized airborne digital computer,
called APAC (Airborne Parabolic Arc Com-
puter), has been developed by Northrop
Aircraft Inc.'s Northronics Division—possi-
bly for use in Snark missile’s stellar-inertial
guidance system. Computer weighs

than 100 Ib., occupies 13 cu. ft., employs
small magnetic drum storage. Program 15

~entered into computer by punched tape con-

tained in small plug-in cartridge (right)
which permits speedy change of missile tar-
get location,

Bell Puts Space Study

Under New Division

In a management reorganization
move expected to improve administra-
tive efhciency, Bell Arrcraft Corp. will
coordinate  all Buffalo and ]"-Ihlgdm
Frontier defense activities, including
space technological projects, under its
newly established autonomously oper-
lltmg Niagara Frontier Division.

II-L:'EII:IH‘Ig the new division as gen-
eral manager will be Ray P, Whitman,
first vice ]}TE‘iltILI'It of the firm. qurt
ing to Whitman as director of satellite
and space vehicle activities will be
Royv ]. Sundstrom, vice president of
the frmm. Sandstrom will intensify
Bell's efforts in space technology.

Included among the company's de-
velopment plans are  moves  toward
sreater diversihcation both in and out
of the defense industrv.

Previously, he had headed such
projects as the Bell X-1 and X-2Z, and
development of the GAM-63 Rascal
ground-to-air missile,

Operating on a level with seven
other Bell operations, the Niagara
Frontier Division will include, in ad-
dition to the space projects group, the
Aircraft Division, the Special Weap-
ons Division, the Rockets Division and
the Avionics Division. Bell's corporate
ofice will concentrate on fAnancial
planning and fiscal controls and long-
range product planning on a corporate
basis.
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TURBOJET FUNDAMENTALS

JUST PUBLISHED! An eisyv-to-understamd In-
trimluction to furbajet operation. Can be followed
by nnsone with a hackegroidnd in high school matlie-
fsties] regtibres Bo previoiis technieal tralning.
Covers svmilshls, jer thsory, coinpressors, combisgion
chamber, turbines, inlet duetz, exhpust duct con-
fliuration, eompressar =rall, oe Spicinl glossary
of technleal terms.  Helps vou  plan your futire
in the bomning fleld of turbsiet commereial avin
flon! By H. E. Morgan, Douglas Alreraft. ine.
Znd Ed., 104 pp., 38 Mlos., $4.00.
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REALITIES
OF SPACE
TRAVEL

JUST PUBLISHED! Twenty-four articles by 18 of
the foremost authoritles on the subieci, originally
appearine in Jéawrnal of the British I'mferplonetary
Hoaciely.  Treats such toples as: introduction 1o
astronaitics, the =atellite viehiele, interplanetary
Might, mphysiral and biologieal aspects of spaee
flight. thrgets For tomorrow,. developiment of  as-
trodmanties, establlahimnient and fe<ting <tations, e1e.
Ed. by L, ). Carter. 417 pp., illus,, 57.50.
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HOW MODERN BREI:M POWERPLANT DESIGN PROVIDES. ..

Typical Components of Modern T58 Design
Help Insure Superior Mission Performance

The Kaman HU2K-1 Utility Helicopter,
shown here on carrier plane-guard, is
scheduled to fly early next year. Both
the helicopter and its powerplant, the
General Electric T58, are being developed
for the U.5. Navy.

One-piece steel construction of last eight stages of the 10-stage

compressor rotor hub provides ruggedness, dimensional
stability.

Durable combustion liners have survived 150-hour Model
Test without trace of deterioration . . . combustor’'s altitude
re-start ability proven.

Axial-flow 2-stage gas-
COmpressor Small-diameter generator turbine
annular combustor

Payload Superiority, Greater
Flight Endurance and Range

GENERAL ELECTRIC T58 REFLECTS LATEST PROGRESS IN POWERPLANT STATE-OF-THE-ART

T58's light weight and low SFC offer helicopters the low in-
stalled weight and minmimum fuel consumption vital to pavload
superiority, increased fight endurance and longer range. The
story behind this modern powerplant design? Thoroughly-
tested gas turbine design concepts applied to all major T58
components. For example . . .

Small, compact axial-flow compressor—modern aerodynamic
design uses fewer compressor stages to achieve maximum oper-
ating efficiency , . . fewer parts increase reliability, reduce total
engine weight.

Short, small-diameter annular combustor—modern combustion
design provides higher burner efficiency, longer life, simplicity

and light weight.

Lightweight gas-generator turbine—two-stage, axial-flow tur-
bine features short-chord turbine buckets which cut turbine
weight, yet retain ability to absorb punishment,

Proven concepts? Last Fall, the T58 passed its official Model
Test—without devialions—thus becoming this nation's first
150-hour qualified gas turbine engine specifically designed for
helicopters . . . In addition, since early last year, twin T58"s
have been undergoing intensive flight testing in the Sikorsky
HSS-1 and, later last year, aboard the Vertol H-21D ., . . For
new T58 technical information brochure, write to: General
Electric Co., Section 233-14, Schenectady 5, N. Y.

Free power
turbine
Anti-iced inlet

[ struts Advanced hydro-

mechanical control

Proeduction T58's will deliver 1050 hp, weigh only 267 Ibs, SFC guarantees are practical expressions of modern design
not including 75-lb optional reduction gear and will burn principles and development techniques that reflect progress
JP-4 or JP-5 fuel. Almost 4 to 1 power-to-weight ratio, 0.64 in powerplant state-of-the-art.

Progress [s Our Most Important Product

GENERAL @3 ELECTRIC
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COMPRESSOR STATOR ASSEMBLY (left), shown from ontside. Actuator arms control variable inlet guide vanes and first three stator

stages. Internal view of compressor stator assembly is in center. Gas generator turbine rotor is shown at right.

T58 Engine Refined for Wider Uses

Numerous design rehinements to pro-
vide high power-to-weight ratio while
maintaining maximum ease of produci-
bality are being cranked into General
Electric Corp.’s Small Aircraft Engine
Department’s 1,000-shp.-class T38 free
turbine powerplant.

This engine is expected to provide
the company with a wide range of sales

ossibilities including helicopter and
xed wing aircraft applications and
others across a broad band of non-avia-
tion fields. The latter may mean sea
and land transportation vehicles, easily
transportable powerplant sources for
the petroleum industry or as an auxiliary
installation to provide emergency elec-
trical power.

Sales Potential

Indications are that sales volume of
the ‘T'58 in its non-aviation applications
could easily overshadow that of its orig-
inal purpose, Aviation WEeEK was told
by sources close to the small turbine's
development. Such a development,
tending to provide a stabilizing diver-
sitv to the Small Aircraft Engine De-
partment’s operations, is a major factor
in the overall importance of this power-
plant to management of the Lynn,
Mass., facility. i

Primary design purpose of the T58
was application to helicopters. Navy's

52

BuAer, seeking to boost the payload-to-
gross weight ratio of rotary wing air-
craft, inthated a development contract
for the new generation of lightweight
turbine powerplants in 1953,

Current installations are in the Si-
korsky HS5-1 and Vertol H-21D test-
beds, which have provided considerable
gg;:mting experience (AW Dec. 16, p.

Firm installations for production
tvpes include the Sikorskv S-61 and
5-62 and the Kaman HUZK-1.

General Electric expects to have the
T58-CE-6 certificated for civilian heli-
copter operation in 1959, Outlook now
15 that it will be shipping “sizable™ pro-
duction quantities early next vear, with
initial allotments slated for military use.
Production planning provides for con-
siderable excess capacity over that neces-
sary to fll initial orders.

New T58-GE-6 version, which is ex-
pected to complete its military model
test this vear, features numerous im-
provements providing greater versatility
over the earlier T'558-GE-2, which - has
passed its 150-hr. test and is in proto-
type production.

Latter version incorporates a reduc-
tion gear to reduce main drive shaft
speed from 19,500 to 6,000 rpm. En-
gines being shipped are exceeding the
1,024 shp. specification, are averaging

1,063 shp. with specific fuel consump-
tion of .654 Ib. hr./hp. and are meeting
the weight specification, Small Aircraft
Fngine Department reports.

New T58-GE-6 features greater in-
stallation flexibility by having a power
takeoff m any one of three positions
either fore or aft, optional main reduc-
tion gear, three-position exhaust, and
torque sensor. It will be qualified on
JP-4 and JP-5 fuel.

Other Installations

In addition to helicopter installations
or conventional applications to fxed
wing aircraft, T'58 will also be available
in twin turboprop confignration with
propeller reduction gear,

Such installation would make pos-
sible economical long-range, long-en-
durance civil or military aircraft, the
latter having extended “loiter” capa-
bilities, by shutdown of one engine
during cruise flight.

First detailed analysis of the new
engine’s features was given recently at
an American Society of Mechanical
Engineers’ Gas Turbine Power Con-
ference by Floyd W. Heglund, man-
ager-design engineering, T58 projects,
GE’s Small Aircraft Engine Depart-
ment.

158 is a straight-through flow free
turbine, comprising two independent
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systems: a gas generator and a tree tur-
bine. Gas generator section consists of
10-stage axial-low compressor, combus-
tion svstem and a two-stage turbine.
Rotor system of the gas generator is
a three-beaning type with the center
bearmg carrving the rotor thrust.
Power sechon 15 a singlestage two-
bearing turbine driven to the rear,
there being no mechanical connection
between the two rotors.

Front frame of the engine 15 an
aluminum casting having four struts.
Honzontal and top struts are the for-
ward mounting pads. Front compres-
sor bearing housing and anti-icing pas-
sages are integrally cast into  the
alummum. A starter pad on the hub
connects to the compressor rotor shaft
by means of a threejaw clutch.

An accessory gear drive box on the
bottom of the forward frame is driven
by a high speed radial shaft and spiral
bevel gears. Two drive pads face to
the rear, one for the fuel pump and
the control. The other drives the lubri-
cation pump and the gas generator
tachometer generator. A forward-facing
pad drives the centrifuge fuel flter. Ol
filter housing is integral with the acces-
SOTV drive casings.

Compressor Layout

Earlv in the T58’s design, GE Small
Aircraft Engine Department engineers
studied the possibility of scaling down
the 12-stage compressor on the J47,
but this was abandoned since the result
would have been an engine too heavy
(400 1b.) with too high a specific fuel
consumption (.70).

Current 10-stage configuration pro-
vides weight of 325 Ib. for the T58-
GE-2 and 267 1b. for the GE-6 engine
without gear. Pressure ratio is 8.3:1 at
maximum military power.

Inlet guide vanes and the first stage
stator are of shrouded construction
with remaiing stages being smooth

TURBINE NOZZLE STAGES, left to right: first, second and third. Note honeycomb seal on inside diameter of second stage.
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THERMOCOUPLE
HARMESS

GNITION UMIT
(MEL JUNCTION BLOCK)

| POWER TURBINE

TACH

STARTER (lower right) and accessories for T58.

STARTER ¢ LEADS.
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visit extra cities in Europe at no extra fare! Fly now . . . pay
later with the liberal TWA Time-Pay Plan. Only 10% down,
up to 20 months to pay the balance!

T WA offers

LOWEST FARES EVER

VP

-

year-round” to

New! TWA Sky Club Economy Fares |~~~ 7
aboard the Jetstream!7 Fly to Europe and back for $113.40
less than regular round-trip Tourist fares. Save enough for
extra fun abroad. It's the biggest bargain in the history of
air travel to the Continent! Make your reservations now.
Call your TWA travel agent or nearest TWA office today.

New 1958

Folder!

for your free copy today.

Vetstream is a service mark owned exclusively by TWA. ¥Economy Fares effective April 1st, subject to government approval.

SKYLINER TOURS OF EUROPE

Colorful new brochure helps you do
and see more abroad! Contains a
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to fit any budget. Thrifty Tourist and
Economy service and de luxe First
Class flights. Ask your TWA travel
agent or call your nearest TWA office
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DAMPERS between bucket shanks of power
turbine eliminate certain resonance that
caused earlier fatigue failures (below), Dark
material (photo above) shows final damper
configuration,

spool. Inlet guide vanes and frst three
stator stages are vanable, providing in-
creased stall margin in engine starting
regime. They are closed 30 deg. from
their nominal open position at starting,
open linearly with speed until thev
are fully open at §5% speed. They do
not move during the engine’s normal
operation range.

Among the novel mechanical design
features of the compressor noted by
Heglund 15 that the compressor spool
compnsing the last eight rotor stages
15 machined in one piece from 4340
high tensile steel forging. Single-piece
spool  eliminates the complexity  of
stacking and fitting multiple disks and
results in a lighter weight, lower cost
rotor drum having good dimensional
stability, permitting General Electric
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engineers to design for minimum blade
Lp clearances.

Compressor rear shaft is bolted to
the spool at the outside diameter and
is located bv a rabbet with an mter-
ference fit. Forward shaft and second-
stage wheel are integral and are bolted
to the forward end of the spool at the
outside diameter, also with an inter-
ference ft. First stage wheel is over-
hung from the second stage wheel. A
labyrinth seal 15 camed in the frst
stage wheel to form the outer seal of
balance piston cavity.

First and sccond stage rotor blade
retention 1s of axial two-tang fir tree
tvpe. Rotor blades for the third through

10th stages are retained in the single-
piece spool by circumferential dove-
talls with platforms on the blades to
preserve the smooth effect on the rotor.
This combination of compressed blade
retention provides for easv field replace-
ment of blades without disassembling
the engine.

By removing the top half of the
compressor, hrst and  second stage
blades are accessible since the shrouds
give axial clearance for blade removal;
stages three through 10 can be easily
removed from the circumferential dove-
tail. This has been demonstrated in
the field as a practical procedure.

Up to three stages have been re-

R.C.Allen
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TURN AND BANK INDICATOR
STANDARDIZED FOR LOWEST COST

Always specifly standard R. C. Allen
| Turn and Bank Indicators, built under
' most rigid quality control according to

government specifications MIL-1-T805,
MIL-I-7805A, MIL-I-7627A, and MIL-I-

5488, and to CAA TSO0-C3a, AS395.
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" DESIGNED T0
YOUR REQUIREMENTS

DAMPED
VERSATILE
PROVEN IN FLIGHT
LOWER COST

Wherever your aircraft and missile planning calls for a rate gyroy
specify R. C. Allen . . . proven in flight countless times over. Pro-
totypes are designed to your specific requirements and sent on con-
signment for your evaluation. Volume production facilities are under
strict air pressure and cleanliness conditions. R. C. Allen damped rate
gyros meet environmental specifications of MIL-E-5272A. Require
no heater for damping from .2 to 500 times critical, with temperature
compensation from -55°C to *B0°C. Small, efficient, hermetically-
sealed and sturdy. Write or call for complete information,

Division of R. C. Allen Business Machines, Inc,
333 COMMERCE AVENUE S.W., GRAND RAPIDS 2, MICHIGAN
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Alcoa crashes the heat barrier

Alcoa Aluminum Powder

Metallurgy Products withstand temperatures
up to 900°F ; open up NEW weight and cost savings

The new Alcoa® Aluminum Powder
Metallurgy Products (APMP) open
a whole new area of special applica-
tions for aluminum parts in aviation
design. Already in regular commer-
cial production, they retain their
mechanical properties even at tem-
peratures 400° F above the thermal
breaking point of conventional alu-
minum alloys. This means that light-
weight, low-cost aluminum can now
be used in hundreds of applications
where extremely high temperature
conditions, under moderate loading,
are encountered. They are ideal for
shielding applications, for example.

Years of investigation and testing
by Alcoa Research Laboratories led
to the development of these fine un-

in processing with aluminum oxide
to give them their remarkable heat
resistance. Strength and stability are
added by forming the powder into
“compacts” through subjecting it to
extreme heat and pressure.

Alcoa APMP alloys have already
proved themselves in actual opera-
tion. They are being used for stand-
ard production parts fabricated by
Ex-Cello Corporation for Pratt &
Whitney Aircraft’s new jet engine,
the J75. Optimistic reports are pour-
ing in from test applications of the
new alloys as extrusions for hot air
valve housings, metal and foil sheet
for honeycomb sandwich structures,
tube for airborne heat exchangers
and all types of fasteners.

alloyed aluminum powders, coated You can design the benefits of

Already in use, Alcoa’s new APMP alloy M257 is giving de-
;l{endable service in Pratt & Whitney Aircraft’s I175 jet engine.

he parts shown in this exploded view were made of Alcoa’s
APMP alloy M257 and were fabricated by Ex-Cello Corpora-
tion for use in the after-burner activating cylinder assembly,
al lemperatures ranging from 600 to 900°F. Insert: Chart
showing tensile and yield strength and elongation of Alcoa
APMP alloy M257 at various temperatures.

% “ALCOA THEATRE" Exciting Adventure, Alternate Monday Evenings

these new Alcoa alloys into your
equipment now. Three alloys are
available in quantity. They include
M257, already being used in jet en-
gine applications at temperatures as
high as 900° F, and alloys M430
and M470. You can get them in ex-
truded shapes, rod, forgings, sheet,
foil, drawn and extruded tube, im-
pact extrusions and fasteners. All of
them cost less and are easier to fab-
ricate than either titanium or stain-
less steel. Also they are lighter, save
weight, and their thermal conduc-
tivity is much higher than either
titanium or stainless steel. In appli-
cations where friction is encoun-
tered, these alloys can be anodized or
electroplated to give an even harder
coating and prevent moving parts
from sticking.

Find out how Alcoa's amazing
new APMP alloys can design sav-
ings and lighter weight into your
products. Call your local Alcoa sales
engineer. Aluminum Company of
America, 1800-C Alcoa Building,
Pittsburgh 19, Pa.
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STRAIN GAGED TEST RUNS on hot gas with and without dampers showed these results,

placed on the engine without removing
it, Heglund reported. He feels there
15 no reason why maintenance person-
nel could not change all the blades
without need for balancing the whole
wheel. General Electric balances the
rotor by inserting small slugs in the
circumferential dovetail between blades;
blade replacement would merelv re-
quire that slugs be replaced in their
prior positions when new blades are
mserted.

One of the criticisms of small axial-
How compressors has been cost of small
compressor blades; during the past vear
Small Aircraft Engine Department de-
veloped a roll and pinch process for
producing satisfactorv blades inexpen-
sively.,

Compressor stator is fabricated of
Chromallov, the compressor casing and
stator rings being split horizontally and
the stator vane nings being carmied by
I-slots. Each stator nng has two stages
of fixed stator vanes. IMixed stator vanes
are made from mill-rolled stock. Vancs
are joined to the rings by the stabbing
process and are furnace-brazed. Inlet
guide vanes and first stage vanes are sup-
ported by the shrouds at the inside
ciameter. Second and third stages are
cantilevered from the outside diameter.

Concentric Rings

In addition to the rings for actuating
the variable guide vanes, there are four
additional nings. Held concentrically in-
dependent of the stator casing by the
vanes acting as spokes, these rings con-
tain bearings for the vanes as well as
circumferential grooves to support ac-
tuating rings.

Actuating ring for the third stage is
carned on the ring which has bearings
for the first stage stator vanes; actuating
ring for the second stage is carried on
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the ring which has bearings for the first
stage stator vanes. Ring which has the
bearings for the inlet guide vanes car-
ries two actuating rings; the ring for the
first stage stator 15 on the aft side and
the ring for the inlet guide vanes is on
the forward side.

Isolating the actuating rings from the
COMPpressor casing minimizes inaccura-

cies m vane scttings over the operatin

range of the engine due to thermal ef-
fects, also permits long lever arms re-
ducing inaccuracies due to parts stack-

up.
Combustion Section

Annular  combustion svstem has a
one-prece lmer designed to provide sim-
plicity of construction and longer life
by eliminating joints and flanges sus-
ceptible to thermal stresses. 158 liners
have operated more than 330 hr. with-
out deterioration, Heglund reported A
flow splitter, an annular ring. fits in the
throat of the stepped diffuser and ex-
tends axiallv urﬁ:iliJ it butts against the
liner, This is to provide positive divi-
sion of compressor air to assure equal
distribution over outer and inner shell.
Outer combustion casing has a hori-
zontal sphit flange to permit inspection
of the mner liner and replacement of
fuel mamfolds and nozzles.

Fuel manifold assemblies have 16
single-orthee nozzles. Nozzles for carry-
ing the fuel nozzles proper are carried
on a pair of tubes which constitute the
fuel manifolds. Manifolds consist of
left and right hand assemblies to sim-
plify removal. The two tubes feed alter-
nate fuel nozzles. At low flows, such as
ﬁtartin%, half of the nozzles are sup-
plied trom each manifold; as fuel re-
quirecments increase beyond a given

e
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The 72-inch dia. hydrogen atmosphere furnace b
lowered over a loaded furnace bell, Detroit p
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Brazed stainless steel and tanium alloy parls are
slrong, undistorted, and bright and free of oxides.

: |

If you are planning the
manufacture of stainless alloy
assemblies, you should check
our facilities and skills for

BRAZING and
PROCESSING

Stainless Steel & Titanium

You'll find our up-to-the minute facilities
and years of experience can help you in
your stainless steel brazing and heat treat-
ing. All three of our plants are equipped
with pure dry hydrogen atmosphere fur-
naces, and are manned by skilled engi-
neers. They are also pioneers in the use
of Nicrobraz, the stainless brazing alloys
that have the strength and corrosion re-
gistance of stainless steel at 2000° F.

Vacuum-type furnaces are used in the
Detroit plant for silver brazing complex
titanium alloy assemblies. Our fluxless
process provides high joint shear strength
with no distortion, oxidation, or loss of
ductility. Heat treating and degassing of
titanium alloy parts is also done. Con-
tact us for more information.

STAINLESS PROCESSING DIVISION

WALL COLMONOY CORPORATION
19345 John R Sireet + Detroit 3, Michigan

PENNSYLVANIA: Bristol Pike, Morrisville, Pa.,
CALIFORNIA: 1565 Bluff Road, Montebello, Cal.
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Nc) place

here for
second best

COMBUSTION LIMER sliu'.l-"ing splitter ring
and fuel manifolds (below) assembled.

FLEXLOC FLW SERIES SELF-LOCKING NUTS are formed from alloy steel, cadmium plated, with optional molybdenum disulfide dry
lubrication. Although weighing up to 409 less than ordinary 12-point nuts, the FLW has a tensile strength of 180,000 psi min.

New SPS lightweight, high strength locknuts 5 oagrae S—

3
help you keep airframe weight down %
‘ point, a flow divider opens and feeds the
A development of SPS research, these new FrLexroc FLW Series locknuts help vou rCmaming eight NOZZICS.
reduce airframe weight without compromising strength or reliability. Designed for Gas generator turbine rotor parts are
i 2 :' SPS e ';FF;‘!' '; fastening airframe structural members, FLW Series locknuts weigh up to 409, less stacked on face {:Duphngﬁ and held to-
namic S1an s - . 5
T el ]Cf..- qiumr_“mf:uqlfr than ordinary 12-point nuts, yet offer equal tensile values. Tensile strength of the zether by a center tie bolt to provide for
refined —so that our FLW locknut—180,000 psi min.—exceeds minimum requirements of Government Casv and rapid disassembly of the wheels
ful&&n&r will always have the high reli- specification MIL-N-25027. and |11E{.'.‘L'i are match-marked to assure
ability factor required by today's faster 5 , , .
ipEEdl: higher temperatures, ond greater In addition to important savings 1n welght, FLExLoc FLW Series locknuts offer the :::_;11;::-,::-:::;I:l’,IHL;II;::;EPH;I-*:l._ltl; ;tlig:::“:::ﬁ
idynuma: fﬂr:-e;." By using SPS fmrennrli; advantages of 1-piece, self-locking design. Positive locking action is provided by the hadi :ﬂ L " ] d t
n your ; : ; -+ ; . d y -
P e B ot e g collar section—need for lockwashers, jam nuts, cotter pins or wiring is entirely g *eysand ping is used to exsure
reliability —the certainty of predictable i i ; that wheels cannot be inadvertently
partdrmance under actual service eliminated. There are no auxiliary locking elements to put together, come apart or sssirakled Eaokeed :
conditions, get lost; no inserts to pop out or deteriorate. A FLExLoC locks, seated or not, wherever “it;:];t;’ ht:::'::n“ :f :‘] ity
For more information on the full meaning wrenching stops and will not vibrate loose. Used to fasten your critical components the mmplci 5 giz ¢ m:;t trr:r” :m't;f}fi::g_ Steel rings are important components of missiles,

rockets, aircraft and engines—and here only the
best are acceptable. *Seconds™ won't do!

of reliability, write for o copy of the 5PS |  and assemblies, FLExLOC assures you of high reliability.

booklet "Concerning High Reliability,” board of the second stage turbine to

recently issued. For more information, write for Catalog Sheet 2386. Aircraft/Missiles Division, provide a sturdy gas generator rotor
—J1  STANDARD Pressep STeeL Co., Jenkintown 3, Pa. system. Stacking and unstacking the Edgewater prides itself on the dependable high
e complete turbine rotor eliminates need quality of its rings. Weldless rings are rolled from
i PART NUMBER o (5 . Ho| o | M lﬂmlt:l for horizontal flanges on the turbine solid blocks of steel by a process which produces
ST e duicons Phare | Codrilvm Plate | Ref. | Mox. | Min. |Mox. | 100 Pes. | Lk, Min, casings, contributing to dimensional i'il.'li.::-_j;.'l_'.fii1'|1I uniform metal texture, Welded rings are
with MOS, 9 stability and long life of the assembly. precision-formed from extruded or rolled bars, and
A - — - [t also allows close control of dmp]nmgm flash-welded by modern electronically-controlled
1/4 -8 UNF-3B | 42 FLW-420 | 48 FLW-428 | 439 | 419 [.376 | .37 |.312 |.045 | .60 7,200 arca which 1s mimportant to consistent equipment. Simple or complex ring sections are
§/1624 UNF-3B |42 FLW.524 | 48 FLw.524 | .542 | 491 |.420 | .40 |.375 |.0s0 | 100 | 11,500 F]L'rf?ruziuwc in this tyvpe of powerplant, | formed to close tolerances, thus reducing machining
; B cglund stated. and scrap-loss. Diameters of weldless rings are 5 to
3/B -24 UNF-18 | 42 FLW-624 E.ta FLW-624 | .649 | 561 [.502 | .492 [.452 |.040 | 150 | 1730 Buckets are forged and attached to 145 inches; welded rings, up to 48 inches.
7/ 16 MF- . . a 5 !
G UNFI6 |42FLW720 |4BFLWT20 |.748 | .63 [.564 |.533 |.525 |75 | 215 | 23,200 the turbine wheels by a dovetail fasten- We will be glad to send you our descriptive bulletins.
1/2-20 UNF-38 |42 FLW.620 |48 FLw.820 |.858 |.703 [.627 |.616 |.5e8 |.0s0 | 280 | 31,000 ing. ,
R TR e . lach bucket has a shank to isolate
the wheel rim and retaining dovetail

from the hot gas stream,

Jenkintown * Pennsylvania
Slandard Pressed Steel Co. » The Clevelond Cop Screw -Cu. . Tllt’hlllﬂ S}II"EIIE]S EH:L HLEIHUH{'E{] E'lIIlll gewa er Be ﬂmpa"y

Columbio Sleel Egquipment Co. = Malionol Mockine Produets Co. ."-t:'[ITIP{JII'.'I frﬂt'ﬂ ::E] ET:!.II'I]L‘HH .‘-'rfli.llll‘l to I’_'.I-ET-

® Nutt-Shel Co. = 5P5 Western # Stondco Conada lid, = ' oy 4 3
Urbrako Socket Screw Ca,, lid, mit minimum turbine hF clearance and : P. O. Box 478 » Fil'lshurﬂh 3“; Penna.

We also monufacture precislon filanfum fosieners
write for free bhooklet
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This is the

Honeywell 3170
precision tape transport

a rack-mounted unit designed by the largest
manufacturer of instruments and controls

—to meet the most demanding requirements of

analog magnetic tape instrumentation.

Examine these brief specifications on the
Honeywell 3170 high-performance tape
transport—designed to provide unparalleled
flexibility and performance in accordance with
IRIG specifications. Complete mechanical and
electronic data are available on request—

including application engineering assistance,
Performance
Extremely low “wow and flutter.”

Tape speeds available from 60 to 114 ips . . .
selected by switch, without belt changes.

Less than 2 seconds start time and 1 second stop
time at 60 ips, with 14" reels.

Fast forward and rewind.
Flexibility
Up to 14" reels with NARTB hubs standard.

Plug-in, interchangeable, record and playback
heads.
In-field changeover for tape widths of 14" to 2.

Search and control capstan, optional,

Features

Precision-ground mounting plates assure per-
pendicular head mounting on change of head
stacks.

Precision capstan drive assembly with multiple-
speed hysteresis synchronous motor, operated
from line, speed control serve, or precision-
frequency power generator.

Closed-loop isolation of tape path, with pre-
cision, non-mechanical tape tension control of
both supply and take-up reels.

Honeywell multi-track heads—record and play-
back—conform with IRIG specifications.

Honeywell

The complete Honeywell data acquisition
system features direct, wide-band FM,
multiplexed FM, or PDM data recording by
means of plug-in amplifiers. Electronic
components have low zero and gain drift with
temperature and voltage changes. Signal-
to-noise ratio exceeds IRIG specifications.

For detailed information, call your loeal
Honeywell field engineer . . . he’s as near as
your phone. MINNEAPOLIS-HONEYWELL,
10721 Hanna Street, Beltsville, Maryland.
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FUEL SYSTEM meets new military contami-
nation specification XPP-36.

providing ease of manufacturing.

Nozzle diaphragms are high-tempera-
ture brazed assemblies to provide light
weight and simplicity. Partitions for all
three stages are cast Vitallum and are
brazed from .020 sheet metal. By closely
controlling the slots in the bands and
carefully preparing partitions prior to
brazing, the area is controlled to 1%.

Inter-turbine seal of honevcomb
makeup using 321 material, former
silver braze and also silver materials
used showed unsatisfactory life, accord-
ing to Heglund,

Third stage turbine diaphragm is
mounted inside the second stage tur-
bine casing. Three axial fittings pro-
vide cooling air for the forward face of
the power turbine wheel and for lubrn-
cating oil in and scavenge oil out of the
rear gas generator rotor bearing, which
is carried by the third stage diaphragm.

Power Turbine

Power turbine is coaxial with the gas
generator but is completely independ-
ent. This assembly is a complete unit
that can be interchanged with any gas
generator assembly.

Exhaust duct casing provides How
passage around the power turbine shaft
and through a 60-deg. bend, to allow
access to the power turbine shaft and
also provide a single discharge. Pad at
the power turbine shaft is the rear
mounting point for the engine. Power
turbine wheel and shaft are integrally
forged from Lapellov, buckets are forged
rom A286 material. The wheel has two
main bearings. The one directly be-
hind the wheel is a roller bearing, the
second is a ball bearing to take the
thrust load.

Passages between the bucket shanks
are closed off by light metal sheet pieces
which also serve as dampers. Before
the dampers were added to the power
turbine, General Electric engineers
noted that the T58 has a two-per-revolu-
tion resonance in the engine's normal
operating range, responsible for bucket
failures. The bucket frequency was
shifted from this excitabion by the
dampers.

Damper design evolved three stages.
In addition to this mission, they also
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IRCRAFT

[/ERSATILITY »

to meet any
customer requirement

RMAMENTS, INC.

Cockeysville, Maryland

: .
ARMORED VEHICLES

MECHANICS
STRUCTURES
ELECTRONICS
AERODYNAMICS
ELECTRO-MECHANICS

ORDNANCE and EXPLOSIVES

P 3t g ,
MISSILE TRAINING SYSTEMS " d i ——-.-i

A SUBSIDIARY OF UNITED INDUSTRIAL CORP,

MINIATURE AND SUB-MINIATURE

relays »v| Ha- G

Rugged and reliable relays are manufactured
at Hi-G in a wide range of standard units...
and to customer order with special designs

to meet your particular requirements.

Complete experimental and prototype
facilities permit Hi-G engineering personnel
to study and evaluate your reloy needs.

MNew, complete illustrated specification sheet
available. Write for your free copy today.

And for information on special reloy units,
send your specifications to Hi-G for
study and recommendations at no obligation.

rugged / reliable / shock and vibration resistant
A FEW OF THE WIDE RANGE OF HI-G STANDARD RELAYS

BRADLEY FIELD

l WINDSOR LOCKS, CONN.

SEE US AT THE IRE SHOW New York: BOOTH No. 2114
Represented by PODEYN-SCHMIDT Inc. 263 Great Neck Rd, Great Neck, N. Y. &
P.O. 174, Woodridge, N. J.
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Because man is finally breaking away from the cocoon of atmosphere around his globe, new
problems of astrophysics now confront him. At Bendix-Pacific a highly competent scientific
and engineering group is specializing in the solution of these problems today...for tomorrow.

—&endirZ—

PACIFIC DIVISION

“Beadix' Aviation Corporation

RUORTH HOLLYWOOD. CALIF

Bendix- Pacific welcomes Engineers who would like to hitch

thetr wagon (o a star. Correspondence is held in confidence.

ADVANCED THINKING FOR SYSTEMS AND PRODUCTS IN AIRBORNE RADAR ... HYDRAULICS

MISSILE GUIDANCE...ELECTRO-MECHANICS ... DECCA NAVIGATION...SONAR ... TELEMETRY
*REG. U 5. PAT. OFF,

had to block the passage to prevent hot
gases from circulating through the
shanks and had to be light to keep the
dead load on the buckets low. First
design failed when the end cover came
off when the spot welds let go. Second
{_IL"'\llg”—'l]I- e ]}IEL'I:;'[,_' 1:“ :H“i.[_:l “'L']'L! f:ll]'
ures—went when the turned-down tabs
at the top broke. Third attempt was of
one piece construction with a continu-
ous surface across the top; this is work-
mg satisfactonly,

On the bottom of the power turbine
15 a small angle gear box driving a flexi-
ble shaft connected to the main control.
Shaft provides the power turbine specd
signal to the control and drives a tach-
ometer generator. Angle gear box s
driven by a radial shatt through a worm
drive and two spur gears. Worm sleeve
is keved to the power turbine shaft by
means of a three-lobe polvgon spline.
Output connection trom the shatt s
also a polvgon spline permitting accept-
able shaft misalignment with a reason-
ably sized spline.

Power turbine 15 designed so that it
can exhaust either night, left or vert-
cally downward, due to svmmetnical de-
sign of components.

Reduction gear optional on the T58-
GE-6 15 a stnught reduction offset de-
sign having a 3.25: 1 mtio. Gears are
herringbone to climinate end thrust.
Casings are cast magnesium and use
sleeve bearings, Weight of the com-
plete reduction gear box is under 75 1b.
Gear box has an integral lubrication and

AVIATION WEEK, March 17, 1958

Turbine-Powered HU-1A Makes First Flight
First YH-40 Iroquois turbine-powered helicopter makes initial flight at Bell Helicopter Corp. plant at Fort Worth, Texas. Powered by
Lycoming T53, pmducl'inn virsiom for Army has been designated HU-1A.

scavenge pump supplving gears and
bearings and making it independent of
the basic engine lubricating svstem.
Lubricating system 15 designed to use
MIL-L7508ve synthetic oil. Lubncat-
mg pump contains one service and four
scavenging clements. Oil passes from
the service element by fange  port
through an integral passage in the acces-
sorv gear case to the hlter, The pres-
sure  svstem 15 protected by a relief
valve and an o1l filter bypass valve, both
housed 1 the accessory gear box. A
check valve in the lubricating pump
discharge prevents static oil leakage.
Maximum o1l How at military power
1S 3 gpm. Scavenge-to-service ratio for
the pump 15 2.8:1. All ail jets are .050
or larger diameter to prevent clogging.
IFuel svstem embodies a centrifuge
Alter to permit engine operation with
fuel contaminated to the new military
specification XPP-36. From the engine
pump discharge, fuel passes into the
control where 1t 1s metered, unused fucl
15 bvpassed back to the pump inlet.
Engine control svstem maintains a
sclected power turbine speed; prevents
gas generator and power turbine over-
speed; prevents compressor stall, turbine
over-temperature and nich or lean blow-
outs; governs gas gencrator idle speed
and schedules inlet gmide vane and rotor
vane positions for optimum airflow, [
also protects from excessive pressures
and meters fuel for distribution to the
combustor.
A single speed control lever with 120-

=

'i'l’ul

= .

I

deg. rotation does these jobs. At posi-
tions from zero to three degrees, the
cngine is shut off. Engine idle is ob-
tamed at 30 deg. From 50 to 70 deg.
15 a transition stage used to bring the
158 from idle up to the free turbine
governing range. Between 70 and 120
deg. the engine control svstem auto-
matically regulates fuel fAow to main-
tain shaft output at the selected speed.
Range of rotor speed control 1s 15%.
The rpm, selected will be maintained
automatically and independent of the
POWCT TL'{t'LliIEd.

Convair Will Convert
C-54s for Air Rescue

Conversion and modernization of five
Air Force C-54s, slated to be sent to
Portugal under the Mutual Assistance
Program, will be accomplished by the
I'ort Worth, Tex., plant of Convair.
I'our of the airplanes will be converted
to SC-54 air-sea rescue planes, the fifth
will remain a cargo aireraft, :

Conversion work on the SC-545 in-
cludes major changes i the planes’ in-
teriors, reworking of the cockpits and re-
location of instruments. Navigator’s
station will be relocated and fuel and
reserve oil tanks added. Installation of
“bubble-tvpe” scanning stations and a
large door for making equipment drops
also 15 included in the conversion.

Convarr expects to complete the con-
version operation by early summer,
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Mockap section of forward fuselage is
checked for spacing on belt frames in San
Dicgo plant (above). This is first unit to be
assembled in the production fixture. Fabri-
cation of this section for No. 1 airplane is

scheduled to begin April 14.

Bulkhead of truss type is assembled for wing
of the 880 transport (right). Start of major
assembly is expected to begin April 10.

Additional fixtures for wing spar manufacture are
completed by tooling crews in part of 632,000-sq. ft.
of plant area for Conwvair 880 production. Convair
440 line is in background.

Parts Assembly
Is Under Way
On Convair 880

Photographs show factory area for the §80
jet transport being produced by Convair Di-
vision of General Dynamics Corp. at plant
in San Diego, Calif. Production tooling will
be housed in two factory buildings. Wing
spar fabrication for the transport will make
use of primary assembly fixtures (above). At
right, a crew is shown assembling the first
center wing spar, the shortest of three that
will po into each half of the 8358(0's swept
wings. At right, below, skin and stringer
panels for the center tie-box section of the
wing are shown in production. Workman
below, left, is shown riveting one of several
types of wing bulkheads for major assembly
of the jet transport.
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CONTROLLED PRELOAD

through
Built-in TORQUE CONTROL

CONSISTENTLY CONTROLLED PRELOAD <
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SILENT INSTALLATION <

Lk

Red Army barrage rockets (above), called Katushas by the Russians, are shown on parade in

R = D' I Moscow. Smaller rockets on trucks in background are similar to World War II equipment
USSIE HS Isp ay which had a range of three to six miles. Larger rockets in foreground are more modern,
presumably have greater range and warhead weight. Below, Red air force squadron of

R k t B b I1-28 Beagle light bombers is readied for flight. Form-fitting covers are placed on aircraft
0( e s » Um erS when they are left oot in the weather (note Beagles in the background). The 1128 is a

subsonic bomber used in large pumbers by the satellite nations as well as the Russians.

PROGRESSIVE TIGHTENING <

HIGH WEIGHT SAVINGS g

VISUAL INSPECTION ONLY <

VARIETY OF MATERIAL CGMEINATIDNES

SELF-LOCKING <

| SMALLER WRENCH CLEARANCES E

[ETANDAHD POWER AND HAND DHWER5<

Hi-Shear Rivet Tool Company introduces an entirely
new, controlled-preload fastener called HI-LOK. EASY REMOVAL

Exhaustive tests have proven its reliability and manu-
facturing facilities are geared for production. The

HI-LOK is now available in titanium, type 431 stain- |
less steel, 4130 alloy steel and aluminum. Production 1/16 GRIP VARIATION

sizes range from 3/16" through 3/8" with larger sizes
to follow.

Write for detailed technical information on HI-LOK
and other Hi-Shear fasteners. *TRADEMARK U.5. and Forelgn Patents Applied For

ﬁw /-//é/ﬂ"nwn TOOL COMPANY

m””m” 2600 WEST 247TH STREET « TORRANCE, CALIFORNIA
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ARegistered trademark of the Thickal Chemical Corporation for ils liguid

"SPACE MAN

Thiokol 15 active 1n several areas of vital

outer space research. Its contributions range
from supplying the plasticizer used in making
the pressurized anti-G suits worn by super-
wsonic pilots . . . to developing solid propellant
rocket engines for high-altitude test missiles.
Forexample, Thiokol engines powered Opera-
tion Farside and X-17, providing essential
data on atmospheric. cosmic and re-entry

conditions.

Thcokol-

CHEMICAL CORPORATION

TRENTON, N. J. » ELKTON, MD.
HUNTSVILLE., ALA. » MARSHALL. TEXAS
MLSS FPOINT, MISS. » BRIGHAM CITY. UTAH

polymers, rockel propellants, plasticizers and other chemical products

Aircraft Engine Powers Boat

Artist’s conception of hydrofeil boat, like one being developed by Miami Ship-Building
Corp. under Navy Bureau of Ships contract, can reach speeds in excess of 30 kt. using T53
gas turbine engine modified by Lycoming Division of Aveo Mfg., Corp. Lycoming said
mstallation is the frst for hydrofoil boat. Aircraft applications include Army HU-1 and
USAF H-43B helicopters.

Allison Establishes

Propulsion Committee

Advanced aeronautical propulsion svs-
tems will be studied at the Allison Di-
vision of General Motors Corp. bv a 10-
man board, the Allison Scientihic
Advisory Committee, During its first
semi-annual meeting, the group made
recommendations to the hirm concern-
ing tvpes of powerplants necessary to
fulhll military and scientibe research
requirements.

Chairman of the committee 15 Dr.
Theodore von Karman, chairman emer-
itus of the USAF Scentihe Adwvisorv
Board. Dr. von Karman, an intema-
tional '.mi'fmrit:-.' on acronautical science,
15 also chairman of the Advisory Group
for Acronautical Research and Develop-
ment for NATO.

Vice chairman of the committee is
Dr. Lawrence R. Hafstad, vice president
of General Motors in charge of the
GM Rescarch Staff. Other members of
the committee are: Dr. Luigi Croceo,
director of the Guggenheim Jet Propul-
sion Center at Princeton University; Dr.
John R, Markham, professor of acronau-
tical engineering at Massachusetts In-
stitute of Technology; Dr. Courtland
Perkins, chairman of the Aeronautical
Engineering Department, Princeton
Universitv; Dr. Willam R. Sears, di-
rector of the Graduate School of Aero-
nautical Engineering, Cornell Unmiver-
sity; Dr. Maurice J. Zucrow, professor
of gas turbines and jet propulsion, Pur-
due Umiversity; Dr. Pol Duwez and Dr,
W. Duncan Rannie, professors of
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mechanical engineering, California In-
stitute of Technology, and Dr. Antonio
Fern, professor of aerodynamics and
head of acrodvnamics laboratory, Poly-
technic Institute of Brooklyn. |

Each member of the committee is a
recognized aunthority in one or more
ficlds of the acronautical and phvsical
sciences, In addition to semi-annuoal
mectings, Allison will consult members
of the committee individually,

Closed-Circuit Tunnel
Tests Jet Engines

Jet engines installed in aircraft assem-
blies are being successtullv tested 1n
a closcd-circnit wind tunnel by the
Air Foree's Air Research and Develop-
ment Command.

The propulsion wind tunnel, located
al the Armold Engineering Develop-
ment Center near Tullahoma, Tenn.,
can test full-scale engines or large air-
craft and missile models at velooihies
from 350 to 1,100 mph. over a wide
range of temperatures and pressures.
Tunnel's closed-circuit  design  allows
various pressure levels to be mamtained
and achieves air speeds with a total of
216,000 hp., driving compressors and
exhausters that would require more
than 1,000,000 hp. in an open-circuit
tunnel.

Wind tunnel testing permits the
stimulation of external airflow as well as
in-flight attitude changes of the pack-
aged engine, and allows simultancouns
studyv of the acrodvnamics and internal
burning characterishes. Engines may

‘_-'-_.,._....'.-_"-_-'.-.-.-."..'.‘.phll.ll.ll.ll.l-lli-l.l.ll..l-l.llll-Ill-llllll-l-llllllllllll-l'llllllll-lllllll--Illl-l|lIlll|l-|ll|l-lIlllllIlll-l-!ll-llllllIll-l-l-lll-l-!iii!lllllllj.j-'.

Work where

PUMP
ENGINEERING

reaches its peak!

It takes exceptional pumps to feed
the most powerful propulsive system
ever built—the Large Rocket Engine.
And it creates an exceptional career
for the man who develops these
pumps.

Rocket Engineering offers the most
interesting opportunities in the pump
engineering field today. Your experi-
ence with commercial pumps and
compressors will be extremely useful
—1t0 help solve problems of head
capacity, power and speed never
before encountered. You’'ll gain tech-
nicitl and professional experience that
1s unobtainable elsewhere...your
contributions to the advanced tech-
niques of pump design will be recog-
nized and rewarded.

Rocketdyne builds high-thrust
rocket propulsion systems for Ameri-
ca's major missiles. You'll work with
the leading producer in the nation’s
fastest growing industry.

If you are an experienced pump
engineer with the ambition to break
new ground, tell us about yoursell.
Chances are, vyour creative ability can
open up a new career for vou in
Rocket Engineering—more fascinat-
ing and more valuable to you than the
work you are now doing. Write: Mr.
A. W. Jamieson, Rocketdyne Engi-
neering Personnel Dept. W-3,
6633 Canoga Avenue, Canoga Park,
California.

ROCKETDYNE IR

A& DIVISION OF HORTH AMERICAN AYIATIOM, |INC.

BUILDERS OF POWER FOR OUTER SPACE
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RADAR INTELLIGENCE

FOR ALL APPLICATIONS

Produced at
DAYSTROM INSTRUMENT

Daystrom Instrument meets today’s rigid requirements for Missile
Control Equipment.

Our engineers and production specialists are qualified, ready and
anxious to assist in your programs. Our new 350,000 sq. ft. plant is
completely equipped with the most modern manufacturing and test
facilities for the production of electronic and electro-mechanical products.

Be among our satisfied customers in the Armed Services and
Industry. Contact us for complete information on how we can help you.

Remember — Reliability Is A Must At Daystrom Instrument.

DAYSTROM

INSTRUMENT

Division of Daystrom, Ine.

ARCHBALD, PENNA.

Yisit Our Booths Nos. 1802 through 1810 IRE Show, March 24-2Tth

be tilted up or down or positioned in a
vawed athitude fo simulate free flight
conditions.

Onginally  designed for propulsion
testing, the transonic circuit of the
tunnel has been used for conducting
;EII_'”:I{E:'.':I];IJ]IIII:' ECSES FI;_'I'T [ FRLONE - H'I.;'I['I d VT
Tests have been conducted on a moedel
at Convair's B-58, General Electric and
Aveo ICBM nose cones, and the Army’s
Jupiter IRBM.

Propulsion Wind Tunnel Facility has
4 supersonic circnit under construction
which 15 designed for a velocity range of
1,000 to 3,300 mph. Both circuits are
part of Unitary Wind Tunnel Plan and
have test sections 16 ft. square and 40
tt. long that permt testing of full-scale,
cperating ramjet and turbojet engines
i pods, nacelles and fuselage sections.

Navy to Use Sub Unit
For Altitude Testing

Navy will remake the deck hangar
umt from the troop transport sub-
marine U.S.5. Sea Lion into a high
altitude chamber for testing ignition
and combustion of new propellants at
extremely  high altitudes. Conversion
and test work wall be performed at the
Naval Ordnance Test Station, Chma
Lake, Calif.

Together with combustion properties
of new propellants, the Navy will study
pyvrotechnics m the 52-ton unit. A Naval
Ordnance spokesman reports that pvro-
technie items such as flares and flash
signals suffer a considerable drop in
luminous intensity at extreme altitudes,
but at the present time the reason for

e _-;..f_

Sound Chulmher

Technician places test panel in frant of
sound generator’s exponential hom in Boe-
ing’s sonic test cell. Generator converls
4,000 cu. ft. of air per min. into 190 dec-
bles of sound i study of destructive eftects
of sonie vibration,
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this 15 unknown. 'l'est chamber 15 ex-
I_“.'L'I.-L'EI. tlil :'.i[‘]lil I-i]I'I'L']'I IE!]'E'HI'I'[I'ILIHE_I"I'E i]'l
this field alone.

Originally, the submarine section was
a1 separate chamber on the deck of the
troop transport sub; 1t served as addi-
tional storage space. Prior to shipment
to China Lake, unit was in “moth-
ball” storage at Philadelphia.

Overhaul Firm Delivers

10,000th USAF Engine

Dallas—Southwest Airmotive Co. has
overhauled 10,000 engines under A
Force contract 1 its engme facihity
here at Love Field since the end of

Waorld War II. Total includes 4,180
turbojet engines,

Southwest Airmotive delivered the
10,000th enging, an Allison ]33, to Mayj,
Gen, Thomas P, Gernity, commander
of Oklahoma City Air Materiel Area,
at a ceremony in Dallas on Feb. 12
Militarv overhaul work on the J33 has
given Southwest Airmotive the back-
ground necessary to obtain authonity
from the Cnil Aeronautics Administra-
tion for overhauling civil turbojet en-
pines, and the company plans to do
contract overhaul of jet engines for the
aihmes, Bramft Airwavs has decided to
have its Pratt & Whitnev J75 engines
overhauled by Southwest Airmotive.

when you're looking

for a

thermal switc

Typical Types and Sizes
Hundreds of Thousands in Use

] |

MERC
THERMAL
SWITCHES
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'/a VAP-AIR DIVISION  Bul

Aeronautical Products Division Of MNa

VAPOR HEATING Co
CORPORATION

80 E. Jackson Blvd,, Chicago 4, lllinois

3855 Courtrai Ave., Montreal 26, Que.

Vapor Heating (Canada) Limited City, Zone, State

¢ Occupy smallest envelope

* Have enclosed contacts—(unaffected by
vibration, moisture, altitude, spead, dirt)

¢ Operate within a range from —85° to
+550°—accuracy exceeding 99%

* Absolutely no droop in temperature set-
tings
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Please send VAPOR MERC THERMAL SWITCH

letin 673, Dept. 25-C
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qr]m has shipped over

and . . .

made provision to deliver
much larger quantities
with their new Colorado
Springs synchro facility

23.000 size 8 synchros

Field Tests Prove their Built-In Reliability

& i .

] v 2 _",._.F'l__ =1 M

=

Why not buy fully proven size 8 synchros? Clifton Pre-
cision size 8 units have been designed, developed. in
production 2 years and are now being built into field
equipment tested and accepted by end-use agencies.

Such acceptance made it necessary for us to estab-
lish another plant in Colorado Springs to produce size
8 synchros.

Accuracies not exceeding 7 minutes max. of error are
guaranteed.

A full line of size 8 rotary components is available
including AC and DC motors, linear transformers and
motor generators.

For full information write or call Sales Department,

SUnset 9-7521 (Suburban Philadelphia) or our repre- ACTUAL SIZE
senfatives.
a5 |
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Clifton Precision Products Co., Inc.
Clifton Heights
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FOR SYNCHRO PROGRESS

Pennsylvania
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TWO-AXIS TELESCOPE
MOUNT

PITCH AXIS

-
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ROLL AXIS

AZIMUTH AXIS

FIG. 1 (left) shows platform with inertial gyro assembly, Note complex gimbaling. Fig. 2 (right} shows torqued gyro assembly.

Stellar-Inertial Guidance Reduces Error

By Dr. R. B. Horsfall®

Combination of stellar and inertial
navigation techniques in a hybnd svs-
tem offers an attractive means of ob-
taining the accuracies required for gud-
ance of long-range supersonic aircraft
and cruise mussiles, and for space travel.

Use of proper Schuler tuning in a
pure-inertial  syvstem  prevents  the
buildup of certain, but not all, types of
errors with time. For example, Schuler
tuning does not climinate the buildup
of errors due to drift in the gyvro used
for directional reference.

The addition of an antomatic star
tracker, however, provides a celestial
reference that helps determine:

* Tir. Horsfall is o ressarch sclentist In

North American Aviation's Autonetics Di-
vision,

e Stable platform attitude, which can
be used to prevent accumulation of gyvro
drift errors, or . . .

® Vehicle position, which can be used
to correct periodically the inerbial svs-
tem. Here the Schuler-tuned pendulons
svstem provides a horizontal reference
for celestial navigation,

[‘undamental t%wmy of both tvpes 1s
the same. What difterences exist are
largely a matter of the ease of mechan-
ization, or of special transient conditions
of operation.

Stellar Inertial Problems

In order to avoid operational rtestric-
tions, anyv svstem requiring stellar in-
formation must be able to start under
overcast and continue to work dunng
periods when star visibility mav be -
terrupted by high altitude clouds during

flight. It must also be able to work dur-
ing davlight,

The brightest astronomical objects
(Sun, Moon, and planets) are generally
undesirable for automatic svstems be-
causc of their size and relatively com-
plex apparent motion. Also, since they
all lie within about § deg. of the plane
of the ccliptic thev may not be visible
from polar regions, so operational prob-
lems in such regions would also rule
them out.

In order to keep oscillatorv errors due
to Schuler tuning from building up too
much during penods of overcast and to
carry along satisfactory information dur-
ing such periods, it is essential that anv
stellar-inertial system have Ingh quality
oyros, T'his in turn lets the star trackers
use a small angular field which, with
present sensing techniques, helps pro-

TWO-AXIS TELESCOPE MOUNT —7
/4

AZIMUTH AXIS

PITCH AXIS

-

PITCH AX1S

ROLL AXIS

DECLINATION AXIS

7
LATITUDE AXIS (E-W)

| ROLL AXIS

AZIMUTH AXIS

FIG. 3 (left) shows platform with two-axis telescope mount. Fig. 4 (right) shows three-axis telescope mount that simplifies computation.
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!/ OUGHS
{OW RECORDS AT
30,000 CHARACTERS

PER SECOND

Today's high-speed electronic communications and data
processing systems could not realize their full potential
without high-speed recording . . . recording that trans-
lates electronic impulses into readable characters.

And that's where Burroughs developments in terminal
equipment come in. Its electrographic read-out device
on the receiving end of the messages automatically
reassembles all their electronic impulses inte printed
words and characters—at a speed of 30,000 serial
characters per second! And Burroughs high-speed
recording gives you a choice of either matrix or
preformed character techniques.

QOur Armed Services' urgent need for high-speed
recordings prompted Burroughs Corporation—whose
commercial business necessitates many types of printing
devices—to develop these tools. Fact is, Burroughs
Corporation has successfully undertaken many other
military projects, too—often seeing them through from
initial research to final installation and field service. We
welcome additional projects in all areas of our proved

ability, including all phases of control systems and daota
processing involving electronic computation.

Write, wire or call Burroughs Corporation, Defense
Contracts Organization, Detroit 32, Michigan.

BURROUGHS &7

CORPORATION .

THE FOREMOST NAME IN COMPUTATION

Digital Display
Electroluminescent indicator which can be
used to display letters or numbers in wide
choice of colors has been developed by
Westinghouse Research Laboratories.  In-
dividual thin panels have series of phosphor-
coated electroluminescent strips which glow
when voltage is applied. Seven such skrips
arc needed to display numbers from 0 to 9;
14 strips are required to display anv letter
from “AA” to “ZZ." Panel coated with 21
strips makes it possible to display any letter
or number by application of wvoltage to
proper choice of strips,

vide davtime operation. It also allows
use of a single telescope and alternat-
mg observation of the two or more
stars required for complete control, The
number, and thercfore the brightness,
of the stars which must be trackable in
arder to avoid geographic limitations de-
pends critically on the size of the zemth
cone which can be covered.

Two general tvpes of stellar-inertial
svstems have been dev cloped over the
past 10 vears:

o Preprogrammed trajectory, in which
vehicle's course is pre-set, permitting
some departure from plan but not com-
plete freedom of path. Such systems
were less complex to build to required
accuracy when airborne computers were
of the Jn,ﬂr}g tvpe.

e Flexible trajectory, which permits
vehicle to operate at will over surface
of the Earth, became feasible only with
the advent of airborne digital computers
which could solve more sophisticated
problems with greater accuracy,

Stable Platform

In  general, automatic  navigation
cquipment 1s made up of an assemblage
of inertial instruments (gvros, ac
celerometers, telescopes) called a stable
platform—computers—and a variety of
auxiliaries such as power su]lpiieq and
cnvironmental controls. Details of stable
platform configuration are as numerous
as the groups designing them.

AVIATION WEEK, March 17, 1958

1Two man gvro arrangements are of
practical signihcance. The fhrst mav be
called an inertial assembly and involves
avros  which are not intentionally
torqued (Fig. 1). This type, therefore,
tends to remain fixed in mertial space
and tumble with respect to local grav-
ity as the Earth rotates and the vehicle
travels over the surface of the Earth.

The second mvelves torqued gyvros
which are forced to precess in a con-
trolled manner with respect to inertial
space (Fig. 2). The usual purpose of
such torquing is to keep the orientation
of the gyros constant with respect to
local gravity so as to minimize the effect
of gyro asymmetry in producing drift.
In the absence of other considerations
it 1s evident that the inertial gvro sys-
tem would be more desirable for stellar
supervision since the directions of the
navigational stars would remain con-
stant with reference to the gyvro cluster.

Because of problems of platform sup-
port and star wvisibility this usually
doesn't work out well. As deseribed
later, Aat windows are best for high
accuracy star tracking and unless they
can be kept small it is hard to fair them
into an airframe  without increasing
drag. Use of a completely inertial stable
element keeps the center of rotation of
the line of sight farther from the skin
of the ship and so demands larger
windows.

Consequently, all successful stellar
mertial systems have been built with
F!ﬂtfﬂrms which remain level or near
evel so as to keep the star tracker units
always on top and close to the necessary
window. Obviously, this kind of plat-
form requires that the telescope line of
Mg]lt must be provided with at least
2 deg. of angular freedom relative to the
|L"|.{_i svstem to permit pointing at an
arbitrary celestial object.

Computer Problems

Computations invelved in determin-
g the drve angles for a two-axis
tracker mount (Iig. 3) are relatively
complex. In view of the high precision
required, analog methods are not snit-
able. 1t a third mechanical axis (1'ig. 4)
15 provided so as to form an equatorial
mount for the star tracker, the computa-
tional requirements are minimized and
analog methods become feasible. Such
a structure, however, i1s generally awk-
ward and adds the extra precision drive
as a source of pointing error. With the
development of adequate airbome digi-
tal computers, such configurations have
lost what appeal they had ornginally.

A further choice remains between an
integral tcimn];e mounted in immtmg
gimbals and a periscope device in which
the telescope proper is fixed on the plat-
form and the line of sight 15 t'unfru]h:cl
bv suitable rotation of one or more
reflectors. Both forms have been built
and tested and therc appears to be no

SUB “SIGHTED"

The sinister silent menace of a
hostile missile-launching submarine
can now be effectively countered by
even more quiet INFRARED detection.

Anti-submarine devices, operat-
ing on IR principles, need neither
sight nor sound for unerring locating
of the under-water craft. Vigorous
evasive tacties, that often succeed in
confusing or losing other detection
or tracking means, simply emit an
even stronger IR radiation — to give
the IR detector an even stronger
“fix" on the hostile vessel.

Servo INFRARED detection systems
are highly effective teammates for
sther types of locating equipment —
working especially well when closing
in on the target, and being outstand-
ingly sueccessful under conditions
that foil the others. Infrared is sim-
ple and light weight, easy to use,
reliable, accurate.

A live craft will afways contain
heat...and where there's heat,
there's INFRARED,

For further information on
INFRARED detection and reconnais-
sance systems—for sea, atr, and land,
and other military applications,
write for the IR Military Brochure.

7= SERVO

CORPORATION

.J:".‘___'llr._ .-..l |
. of AMERICA

-

20-20 Jericho Turnpike, New Hyde Park, L.1., N.Y.
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Swedish Alouette Mounts Radar

Sud Aviation Alouctte helicopter belonging to the Swedish Navv is equipped with radar,
apparently for surface surveillance and navigation. High defnition K-band radar mounted in
this way could detect all but the smallest surface craft at night and under poor visibility.

overwhelming advantage in either case
Becanse of the need for relatively long
focal lengths and critical photoclectric
aned electronic accessories, there scems
to be some advantage on the side of
the periscope arrangement.

Two critical features of stellar-inertial
system computers which  differentiate
them from purc-inertial computers are:
o Computation of gimbal angles re-
quired to aim telescope at a star.

s Interpretation of telescope error sig-
nals to provide appropriate gvro correc-
tion torques or position corrections.

The following discussion of these two
factors 15 cquallv applicable to single or
multiple-telescope svstems.

Mavigation Mathematics

For a svstem operating in latitude-
longitude coordinates with the platferm
criented N-§ and E-\V and with the
telescope gimbal attached to the plat-
form along the N-§ axis. the telescope
pomting equations can be expressed in
the form

4 = gin~'ein § cos X 4 cos 5 sin A cos o)

(1)

i — 0% 6 8ih o
o = {tan™} - —
BN 45N A+ g Feng X Mz a

where e 1s the angle between the tele-
scope gimbal and the platform hon-
rontal and B 15 the angle of the tele
scope axis relative to the gimbal normal,
& 15 star dechnation, A is platform
latitude, and & is the angle between the
local mendian and the weridian passing
through the star. In actual computation
o 1s a function of the right ascension of
the star, sidereal time, and local longi-
tude obtained by a summation process.

While the particular form of these
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telescope pointing equations depends on
the choice of svstem coordinates and
telescope gimbaling arrangements, the
complexity remains approximately  the
same, However, with some particular
choices it is possible to separate the
cftects of vehicle motion from the bal-
ance of the computation, The complex
portions of the equations then involve
only constant parameters and mav he
carried out by ground equipment and
recorded.  Thev mav then be plaved
back in the airborne autonavigator
using some form of chronometer drive,
and the vehicle motion effects can he
simply added to the recorded signals,

For stellar correction signals in the
same sample system one form of solu-
tion can be expressed as follows:

oy’ SiN o — €% SiN o

gy = —— :
; gin (! — a')
. € 00B a! — gy 008 oF (2)
sin (o — al)
b et! ey tan ot ¢y tan g
, = i 2L :

cos B ' sin (o — ') tan (af — a)

In these equations the es are error
angles measured around the axis indi-
ated bv the subscript and the numen-
cal superseripts correspond to two dif-
ferent stars; x, v, z, arc respectively
North, West and upward platform axes,
and € and 5 are telescope axes which
coincide with x and v when the tele-
scope 15 pointed toward the zenith.

Corrective torques proportional to
these values may be applied to ths
gvros to cause the entire platform to
precess  toward  alignment  with  the
stars. Alternativelv, ¢, mav be inter-
preted directly as an error in latitude
and €005\ 4+ eSIDA a5 an error in

longitude. When these corrections are
applied to the indicated position, equa-
tions (1) will give new values of « and
B which in turn should result in tele-
scope alignment wath the stars.

It is evident that there are as many
variations of the foregoing equations
as there are choices of coordinate svs-
tems and methods of mechamzing the
stellar corrections, Skillful selection of
advantageous coordinates and mechan-
zations to meet specific requirements i<
responsible for differences in perform-
ance of actual systems. Security con-
siderations prevent more detailed dis-
cussion of such details at the present
time.

High Accuracy Needed

It 15 evident from the foregoing
mathematics that the general case of
telescope pointing involves more or less
complex combinations of trigonometric
functions of the angles involved.

Inasmuch as a one second of arc error
m angle 15 equivalent to approximately
100 ft. on the surface of the Earth, it
15 obvious that such computations must
be carried out with very high precision
if performance better than that avail-
able by ordinary bubble octant observa-
tions 15 to be attained.

Such precision is far bevond the
capacity of straightforward analog equip-
ment and special multistage computin
tricks would be required to approach
satisfactory performance,

Digital computation on the other
hand is capable of being carried to the
required degree of precision with little,
it any, increase in computer equipment
reginramecn [s.

If the nature of the vehicle trajectory
is known in advance, it is possible to
sclect a coordinate svstem whose use
simplifies the telescope pointing equs-
tions,

Then the precision (digital) com-
putation mav be carried out in advance
with ground equipment and recorded in
a form which may be plaved back and
interpreted by relatively simple analag
equipment in the airborne autonavi-
gator. Such techniques were actually
used in earlv successful experimental
svstems.

Larlier mention was made of the
necessity for providing a window or
windows in the airframe through which
stellar observations could be made. Only
two forms of window are possible when
accuracies measured in seconds of arc
arc mvolved, These two are a flat, ic.,
plane parallel, window and a conecentric
spherical shell dome, The flat window
has the advantage that it has no focal
propertics and therefore the precise lo-
cation of the line of sight is not eritical,
The spherical dome, on the other hand,
hehaves like a ncgative lens and there-
fore requires that the line of sight (opti-
cal axis of the telescope system) be
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Margin for Error... None!

You swing into your final approach. At precisely the right instant the Landing
Signal Officer flags you to cut your power—and you're aboard! ¥ Such skill and
precision 18 indicative of that which is required today in every phase of the aircra ft
industry. The bearings in modern jet turbines, for instance, must be held to
accurate tolerances measured in millionths of an inch, That’s why the leading
jet turbine manufacturers specify Bower aircraft bearings first, Their exceptional
high quality and unerring precision allow Bower bearings to stand unbelievable
turbine gpeeds and temperatures—that match the supersonie speeds of today’s
jet aireraft—with a minimum of Iubrication. ¥ Whatever you produce, if it uses
bearings, specify Bower! Choose from a complete line of tapered, straight and
journal roller bearings for every field of transportation and industry.

BOWER ROLLER BEARING DIVISION
FEDERAL-MOGUL-BOWER BEARINGS, INC. » DETROIT 14, MICHIGAN

IDEALLY SUITED TO HIGH-SPEED OPERATION

Buill {o holid their precision indefinilely, these atrerafi
bearings are recommended whererer superior guality
and high-speed operalion are required, For some
applicalions, a special alloy sleel—deoeloped jointlv by
Bower and secerul airerafl companies—is used,

BOWER oo e
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FOR DOWN-TO-EARTH COMFORT
FIVE MILES WUP...

TWA seeciries URETHANE
FOAM CUSHIONING

Passenger -comfort is a highly competitive product in the airline industry,
which is one of the reasons why such strict and careful testing precedes
the selection of seating design and cushioning materials by major airlines.
It is also why the Siesta Sleeper seats of TWA's sleek, new Jetstream*
liners are all full-cushioned with soft, luxurious, easily-cleanable and
fire-resistant urethane foam.

Many of the world’s leading upholstered furniture and seating designers
endorse urethane foam as the ultimate in luxury cushioning—the best way
to combine lounge-chair comfort with design and fabricating economies.

If comfort is one of the “products™ you sell or buy, get acquainted with
urethane foam and discover what you’ve been missing! For further
information and sources of supply for urethane foams, write

Mobay Chemical Company, Dept. A-1, Pittsburgh 34, Pa.

* JETSTREAM /s a service mark owned by TWA exclusively

Moboy supplies quality chemicals used in the
manufacture of urethane foams for industry,
Urethane foom for this product supplied by
American Lotex Products Corporation.

MOBAY

First in Urathane Chemistry

accurately radial to avoid introduction
of deviation errors.

A third theoretical possibility should
be mentioned. If at some future time
an optical material of suitable trans-
parency is developed which 1s capable
of being made in very thin shects (one
or two mm.) and strong enough to be
self-supporting as a p::-rtmn of the air-
frame skin, a carved window made m

this form would produce negligible

CrIVTS.
Small, But Important

In the practical development of a stel-
lar-inertial autonavigator svstem  there
are numerous small effects which must

be considered in order to attain adequate
accuracy. The atmospheric refraction
of starlight commonly known as the
Comstock correction causes stars to
appear at a higher eclevation than they
actually are. This cffect is well known
and can be adequately predicted when
the atmospheric density in front of the
telescope 15 known. Related to  this
phenomenon 1s the refractive bias
which will occur when a flat window,
scparating regions of different atmos-
pheric density, is tilted with respect to
the horizon. This amounts to the
introduction of a wedge of air whose
refractive effect 15 measured by the
difference in density on the two sides
of the window. Again, this effect is
one which can be computed when the
cifference m density 15 known.

Windows of practicable dimensions
will bend under a pressure difference
and cause lens cffects which may re-
Ilmz compensation.  This effect can

ilso be predicted and computed when
the pressure difference and resultant
dﬂfmnmtiﬂn are known, If the window
is made of a material having an ap-
preciable thermal expansion coefhcient,
it may also bend under a temperature
differential and therefore produce re-
fractive effects. With the advent of
high quality fused silica in large picces,
this effect and the danger of window
destruction due to thermal shock may
be mimimized.

The magnitudes of these effects in
general vary with the zenith angle and
become rapidly more critical as the
line of sight drops below the 45 deg.
line. Also the required window size
INCTEASCS ['IFII["'H. as lower lines of sight
are required. Therefore, as a practical
matter, the minimum zenith cone
which will give adequate star coverage
and inertial control 15 desimable. It
requires only a survev of the distribu-
tion of stars to show that with a zenith
cone of approximately 45 deg. half
angle it is necessary to be able to work
with nearly 100 of the brightest stars
in order to get unlimited operational
coverage.

Other small factors which are com-
mon to all inertial systems involve
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Compact Power Pack

Turbonator, combination air-turbine driving
a 40 kva, alternator on a common shaft, de-
livers constant frequency 400 cps. power,
weighs 96 1b. Developed by General Elec-
lric Co.'s Aircraft Accessory Turbine De-
partment, turbine can be driven from ram
or bleed air, rotates at 24,000 rpm., can be
used up to Mach 3.5 flight speeds, General
Electric savs,

cifects of coordinate system rotation
such as Coriolis acceleration and cen-
tripetal acceleration terms in the equa-
tions of motion, and the effects of Earth
ellipticity and related variations in
gravitv. While these are small, they
must hf-'." I“E-['h 1]1“’{.{1 mn 'I'I'I\. PTL[‘IM[.’IH
autonavigator svstem.

Designing Auxiliaries

In the practical design of a stellar
inertial svstem, it is necessarv to con-
sider environmental control of the
platform enclosure since temperature
differences and temperature gradients
can cause mechanical disturbances and
other influences which would disturb
the performance of the inertial system.
Many items such as clectrical elements
and telescopes may also be sensitive
to pressure vanations.

Provision of mechanical drives which
are capable of pointing the telescope
hine of sight with an accuracy meas
ured in seconds of arc 15 obviously no
mean engineering undertaking.  Here
the factor to keep in mind is that an
error of five micro-inches per inch of
radius corresponds to a  one-second
angular error. Suppose that a mechani-
cal drive involving a final gear of 2-in.
rading was used I a svstem aimed at
an accuracy of one nautical mile. The
maximum tolerable error in operation
of this final gear would then be 0006
in. if the entire error were to be allo-
cated to this one source and no error

buildup were involved. Obviously a
much smaller tolerance than this would
be required if the one-mile objective
were to be attained in any practical sys-
tem where many other error sources
must be considered.

Qutside Assist

The stellar-inertial svstem accuracy
can be adversely affected by oscillatory
errors in the horizontal reference re-
sulting from outside disturbances and
Schuler tuning, and by neise inputs
which accumulate with time.

Feedback damping can be used to
minimize oscillations, but svstem ac-
curacy will be hurt by unpredicted
wimd changes.

If, however, an independent source
of information on vehicle velocity is
available it can be compared with the
inertially derved vehicle velocity and
the difference used to provide damp-
ing. A true airspeed indicator, or
Doppler radar, can provide this sourece
of information.

By proper adjustment of the damping
cocfhcient, it is possible for such a
system to provide damped velocity data
which is accurate to within a small
fraction of the instantancous error in
the auxiliary system and to attain a
correspondingly reduced amplitude of
position error oscillation.

A true mirspeed indicator, as a source
of such data, has the advantage of
simplicity and light weight, but wind
uncertaintics minimize improvement.

At the cost of greater complexity and
weight, Doppler radar is generally
m;nh]r, of better performance as a
damping aid. It has the disadvantage of
requiring radiation from the aircraft
which may be undesirable in certain
military applications. Also operation 1s
uncertain over smooth water,

However, the use of a Doppler sys-
tem durning the earlv portion of
mission when over friendly or J‘If.‘ul‘rﬂl
territory is capable of im TOVING  per-
formance, even if radar slﬂcn-::e 15 1m-
posed -:Inrmg the terminal portion of
the mission. FFurthermore, it is possible
to consider the use of landmarks ob-
served either optically or by radar to
provide checkpomts which may improve
the available position information in
the autonavigator at one or more in-
stants during the fight.

Reprints Available
Reprints are available of Aviation
Week's special report on electronic
countermeasures. Rates are as follows:
1-10 copies: 40 cents each.
11-100 copies: 30 cents each.
More than 100 copies: 20 cents each.

Orders should be addressed to: Awia-
tion Week, Reprint Section, 330 West

42nd St., New York 36, N. Y. !
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Write for detailed
technical information on
Model 717

NEW PRESSURE TRANSDUCER: LOW VIBRATION
ERROR AT 2000 CPS, 35G

Combine this with 0.17% resolution and you have truly remarkable performance.
What's more, this new Model 717 Absolute Pressure Transducer is

. in volume production in ranges up to 4,000 psia.

Simplicity is the keynote —an entirely new type of Bourdon tube instrument

eliminates linkage systems. There is only one moving part in the unit, and static friction
is less than resolution. Over-all result: excellent performance during high vibration—
static error band of ==0.8% (linearity, hysteresis and repeatability).

New concepts in basic design are being combined with high performance

in new Bourns accelerometers, pressure transducers, linear motion potentiometers,
~and other electro-mechanical devices. When your requirements need

the experience of a leader—look to BOURNS.

BOURINS

Laboratories, Inc.

(A T R R LR EE S B L L L L s o}

P.O. Box 2112 * Riverside, California

ORIGINATORS OF TRIMPOT®, TRIMITE AND POTENTIOMETER TRANSDUCERS

T T T TS TR

See

. « « only volume builder of highest quality
g YIr os c op e s

Today at AC, gyroscopes are coming off the production line in volume . . . with unsurpassed uniformity and quality. This is made possible
by AC-originated manufacturing techniques, These same techniques permit AC to tailor gyros to o specific application and get them into
production in the shortest possible time. Yet, these "on-the-shelf" gyroscopes ore manufoctured with such precision that they caon sense
rotation so slight it would, if continued, take years to swing through a full 3460°, Seven thousand hours of continuous operation without im-
portant loss of efficiency is not uncommon. Four sizes—75 x 10%; 10 x 10% 2 x 10% 1 x 10*—are available for immediate delivery. If you
are o graduate in electrical or mechanical engineering, and would like to live and work in Milwaukee, write Mr. Cecil Sundeen, Supervisor of
Technical Employment, Dept, D, 1925 E. Kenilworth, Milwaukee 1, Wisconsin, in care of . . .

AC SPARK PLUG %’ THE ELECTRONICS DIVISION OF GENERAL MOTORS

Inertial Guidance Systems + Afterburner Fuel Controls * Bombing Navigational Computers ¢ Emergency Fuel Controls
Gun-Bomb-Rocket Sights * Gyro-Accelerometers » Gyroscopes * Speed Sensitive Switches » Speed Sensors = Torquemeters



WESTERN GEAR drives

4000 HP through this tiny gear!

ACTUAL SIZE

REPORT FROM WESTERN GEAR:

Western Gear engineers and production technicians have developed
gears such as the one illustrated which, while less than 2-inches in
size, will transmit 4000 HP with precision and dependability!

Let Western Gear's leadership in advanced research, metallurgical
experience and precision manufacturing methods reduce your giant-
size power transmission problems the same way...whether your
requirements be for individual units or complete systems.

CALL YOUR WESTERN GEAR MAN
with any power transmission problems. Representatives in all principal
cities. Or write in complete confidence and without obligation.

Glenn Malme - WESTERN GEAR CORPORATION P.0. Box 182, Lynwood, California

“The difference is reliability” » Since 1888 o,

‘l:._.I‘ '.'I_-|-.+_.'| ¥ 4 ;|
LR LA

= NGINEERS AND MANUFACTURER

PLANTS IN LYNWOOD, PASADENA, BELMONT, SAN FRANCISCOD l:ﬂ-l-LlF-] SEATTLE AND HOUSTON » REPRESCNTATIVES IN PRINCIPAL CITIES

THE WORLD
IS BEATING A PATH
T0 OUR DOOR

(and we've never built a mouse trap in our lives)

“Build a better mouse trap,” the old
saying goes, “and the world will beat
a path to your door.” We've never
built a mouse trap (although profes-
sional pride would never let us admit
that we couldn’t build a better one),
but the path to our door is getting
pretty worn all the same.

It all started back in 1946 when
we first put Bendix Electrical Con-
nectors on the market. We had built
them during World War 11 for use
in our own aircraft ignition systems.

The response surprised even us.
You 1n the industry bought all the
connectors we could produce—and
you continued to do so throughout
the ensuing years. As our output
increased, so did our research and
development program, The members
of our engineering staff worked cease-
lessly to ensure a continuing im-
provement in performance and reli-

Scintilla Division

SIDMEY, NEW YORK

ability. We made them waterproof,
shock-proof, and, above all, we made
them smaller and smaller without
the slightest reduction in perform-
ance standards. This, of course, 15 of
vital importance to the aircraft, mis-
sile and electronic industries.

These advances in connector de-
sign at Scintilla Division of Bendix
Aviation Corporation have bren rec-
ognized by American industry. Ac-
ceptance has, in fact, been so en-
thusiastic that we are now cngaged
in the greatest plant expansion in our
history. The new facilities will be
devoted to the production of more
and better electrical connectors. As
your requircments increase, so will
our production.

It has been vour whelchearted ac-
ceptance of Bendix Electrical Con-
nectors that has made this new
manufacturing facility possible, We

are grateful for that recognition of
the quality of our product., You may
be assured that there will be no
slackening of our efforts to continue
to descrve that recognition, SCINTILLA
DIVISION OF BENDIX AVIATION CORP.,
SIDNEY, N. Y.

Canodion Afiliste: Aviation Elsciric Lid,,
200 Llourentien Blvd., Montreal 9, Queber

'.
VPygmy ' *
Miniature
Shatt-E M3-E
A few of many lypei and sizes af stondard ond
special Bendiz elecirical conneciors, Our engi-
nears are ready to aid you with the most exact-
ing connedlor requirements.
*TRADEMARK

1}:0’/

AYIATION CORPORATION
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S0% less weight—Honeywell’s MIG (Min-

iature Integrating Gyro) Platform. e gros

and three accelerometers provide one central reference platform for both attitude and

acceleration information. Its performance is 6 times better compared to non-floated plat-

better performance or

torms. It is % the volume of most inertial reference platforms, weighs 50% less.

Specifications

Size: Placform 9.79 inches diameter x
13 inches long, Platform Amplifier

Assembly 9 inches x 10 inches x 13
inches.

Weight: Platform 25 pounds. Plat.
form Electronics 24 pounds.

Gimbal Freedom: 360 degrees for
heading, elevation and roll.

Platform Drift: Random Drifr—
0.050 degrees/hour. Fixed Drifr—
Tr:mml:d to less than 0.10 degrees per
hour as facrory adjustment,

Accelerometers: Maximum Range
+10 g. Output Linearity, 0.02 per

cent to 1 g, 0.05 per cent ro 10 g.
Null Uncertainty 0.0005 g.

Honeywell

Operating Temperature Range:
-65F to +160F. Operation in higher

ambients with external cooling air.

For further infoarmation write:

Minneapalis-Honeywell, Asro Division,
Dept. AW-3.48,

2600 Ridgwey Road,

Minneapolis 13, Minnesota.

| Mittosy Pdits G

BUSINESS FLYING

LINEUP of Do.27s at left represents a week’s production. -Right, Do.27 for Luftwaffe takes off from grass at Munich-Neuaubing factory.

Dornier Bulldmg 15-20 Do.27s Monthly

By David A. Anderton

Munich—I"irst onc-hundred Dornier
Do.27 STOL aircraft have been de-
livered to the West German Luftwaffe
and a second batch of 50 is expected to
be picked up by pilots this month.

Five-place plane, being used by the
Germans for communications and other
specialized work, is being produced at a
rite between 15 and 20 per month at
the Neuaubing factory of Dornier-
Werke GmbH near here. Total order
for the plane from the West German
Defense Mimistry is 425, the largest
German postwar order for aircraft placed
cither nside or outside the country,
Deliveries will be completed during
1939,

Observers at the Paris Air Show last
May were impressed by the low-speed
handling qualities of the airplane and
the demonstration put on by Dornier
Chief Pilot Heinrich Schacfer. In a
“friendly” competition between the
Dornier plane and the Czech-designed
Avia Brigadyr of similar r:rmﬁnuntmn
the palm for slow fAving went to the
Czech, But the Dornier's maneuver-
ability at extremely low forward speeds
and at angles of attack up to what
secemned like 45 deg. left technicians tre-
mendously impressed.

Like many other STOL airplanes of
the past—Fieseler Storch, Rvan Dragon-
flv, Robertson Skvlark—the Dornier uses
a high-wing lavout with a single en-
gine and long landing gear. The wing
lift is obtained from full- -span leading-
edge slats and partial-span trailing-edge
double slotted Haps and drooped
ailerons,

Trailing-edge lift devices are in three
segments spanwise; the outer and mid-
dle segments act as ailerons, the mner
as flaps only. Middle segment can be
drooped but not to the full deflection
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Dornier Do. 27 STOL Alrplane
PHYSICAL CHARACTERISTICS:

VTR K. 0 im0 0w p s i R S I b R e 39.37
SRR RIS BN o o M s S s o B R B ey e 31.33
Maximum  height, threepoint, B ..ocvnineassnmiiaremrrsssery . 1148
LUisalile Cabin: VORI O Fhe- oo i nima s fbsasn i ab s e s Wa s e 123.6
WV DR 30 Eh oo s S e A R R R D R 208.5
DNOTEAL Ews. WBEBINE. WB0i - o i i T R o A S e 3,307
Maximum gross weight, b, ... ... i, AR R R 3,528
PERFORMANCE CHARACTERISTICS: (Normal gross mught]l

Maximum speed, mph. L T LR I T T D |
Cruise speed, 60% power, mph ................................. 127
LRI SRR TR, s o s SR M P e 35.5
TaketE TO08, AT WD, B oo ov v i wdia i B B T S 289
Landing mn, zero wind, ft. : e R R SRR AR
Takeoff distance over 49-ft. -nh*_-."l‘ﬂﬂ{ ft .......................... 341
Landing distance over 49-ft. obstacle, ft. ... ovivviiiiiiii i, 525
Time b climbe ba D843 #h, miIN. o oo i aivda s vaa 12
LT L R A R e S ST 541

SKI-WHEEL combination, shown here on demonstrator, has not been standardized for plane.
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DOW

STEP 1

Pre-impregnated glass cloth
is hand tailored to a form.
The form can be made of
metal, plaster, or any heat-
stable material. Where neces-
sary, the cloth is tacked in
place with a sealing iron.
The pre-impregnated cloth
has good drape and can be
used to make complex parts.

STEP 2

The lay-up is surrounded by
bleeder cloth, which allows
even distributien of the
vacuum.

STEP 3

The covered lay-up is placed
in a PVA bag, and a vacuum
drawn on the bag with a
mechanical pump. The bag
is then sealed, and the whole
assembly placed in an oven.

The part is cured through
350 F.

STEP 4

Following the initial cure, the
bag and bleeder cloth are
removed. The part is then
afterbaked through 480 F,
trimmed, and finished. Com-
plete operation is simple and
economical.

first in

sjlicones
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HOW TO MOLD
HEAT-STABLE LAMINATES WITH

CORNING SILICONE RESINS

Complex parts, such as hot air ducts and radomes, can be made
easily with Dow Corning silicone laminating resins. Finished parts are
lightweight, and retain high strength after prolonged aging at 500 F.
Silicone-glass laminates have excellent wet electrical properties and
low dielectric losses at radar frequencies. They can be drilled,
machined, sawed or sanded. Here is the step-by-step procedure for
vacuum bag molding of silicone-glass laminates.

i 2 L
i - e
2 e ~
e .
i b}
b ] i = & f
.I L - 5. g 1 1
o 5
- b | F g |
: g il 5 R i
- e r o . 5
5 - . L H i
= & =
= 3 =
1 F
a

REAR fuselage structure approaches pure monocoque type (left). Finished fusclage bellies (right) await wiring, plumbing installation.

=

of the flap, and the ailerons can then

he operated differentially for lateral con-
trol.

For takeoff under normal conditions,
only the inner segment flap is used.
FFor landing or when extreme perform-
ance 15 needed, evervthing but the outer
atlerons comes down. '

Powerplant for the Do. 27 15 a U.S.-
built Lycoming GO-480-B1A6 rated at
270 hp. for takecoff. It drives a Hartzell
constant-speed two-blade propeller. Fuel
consumption at 60% power cruise con-
dition 15 about 81 Ib./hr., or just under
15.5 U. 5. gallons.

The Do. 27 started life as a develop-
ment in Spain, where Dornier—like
Messerschmitt—set up design  ofhces
after World War 11 to be able to keep
a core of techmoans abreast of avia-
tion progress. ‘They also found this a
useful stratagem to get around con-

= il . ™
L .* '

FUSELAGE belly in production jig shows camera hatch and mounting for reconnaissance
equipment,

For FREE BOOKLET describing applications and fypical
properties of silicone-glass laminates, WRITE DEPT. 093b.

Dow Corning CoORPORATION
MIDLAND. MICHIGAN

FABRICATION jigs for leading edges, spars, are in front; at rear are assembly jigs for entire box-spar section and the wing panels.
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NEW
AEROPRODUCTS

TURBO-

PROPELLER

Its rugged and durable construction already
proved in thousands of flight hours, the
Aeroproducts 606 Turbo-Propeller is now dem-
onstrating in the Lockheed Electra why it is the

first choice of ten airlines which have ordered
this new prop-jet airliner.

Since its first flight — made 56 days ahead of
schedule—the Electra has been underway on a
flight-test program preliminary to the start of
rigid CAA qualification tests. In its instant
response to the power of the Allison 501 engine;
its ability to provide maximum thrust for fast
take-off after short ground runs and its blade
efficiency for smooth economical cruise — the

Acroproducts 606 Turbo-Propeller is showing
why the propeller plus jet is the ideal power plant

E“"”””"‘“’”"‘D“?”‘W“W%erc)pro ducts

ALLISON DIVISION OF GENERAL MOTORS * DAYTON, OHIO

helps power the new
Lockheed Electra into
the air 56 days

ahead of schedule

for medium- to short-range jet-age aircraft.

All Aeroproducts Turbo-Propellers incorporate
such advanced design features as hollow steel
forged blades—hydraulic pitch changing mecha-
nism — hydro-mechanical governing system and
integral oil supply. And, every Aeroproducts
Turbo-Propeller is a completely self-contained
operating unit,

Aeroproducts—with a background of millions of
propeller flight hours—has more turbo-propeller
experience than all other American manufac-
turers combined. Find out how America’s lead-

ing designer and producer of turbo-propellers
can help add a new high in performance and
dependability to your power-plant designs.

FOWER

AIRCRAFT

COWLING, designed for sccessibility, has
two side panels that swing up: belly panel
that drops out and forward. Engine cooling
flap is st rear of belly panel. Engine is
Lycoming.

ditions mmposed on Germany by the
Allies at the end of the war, and onlv
lifted m 1956 by the Pans Agreement.

In Spain, Domicr engineers designed
the Do. 25, an STOL airplane sponsored
as one result of a design competition by
the Spamish Mimstry of Aviation. Ex-
patrate I'rench designer Emile Dewoi-
tinc also entered the competition and
cvolved a similar airplane.

Powerplant for the Do. 25 was a
Spanish cngine, the ENMA Tigre G4B,
rated at 150 hp,

First flight of the Do. 25 was on June
25, 1954. Less than one vear later—
April 8, 1955—the prototvpe Do. 27 flew,
It also was designed and built in Spain,
and was powered by a Continental
()470-] engine rated at 225 hp.

After the Paris Agreement, Dormier
moved back to the Mumch area and
started production on the Do. 27 for
West Germanv,  First production air-
plane flew on Oct. 17, 1956.

Although the current customer for
the airplane wants a militarv version,
Claude Dornier, Jr., told Aviarion
Week the companv is convinced the
plane is excellent for business flving.
Dornier has had some inquines from
other countrics for the airplane and
expects to announce an order soon.

Some indication of the short-feld per-
formance of the airplane 15 given by
takeoff and landing distance over a
50-ft. obstacle in a zero wind. At
normal gross weight of 3,307 1b., take-
off run 15 289 ft., and to clear the ob-
stacle the distance is 541 ft. Landing
distance over the obstacle is 525 ft., of
which the run itself is 246 ft.

Minimum speed 15 35.5 IIIII:I'I., and
cruise at 60% power 15 127 mph.
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PRIVATE LINES

Deliveries of 250-hp. Piper Co-
manche four-place low-wing business
plane are expected to begin next month
with basic model having price tag of
$17,900. Piper will produce both 180-
hp. and 250-hp. Comanches simultane-
ously, with output split 50-50 on each.
New model cruises at 180 myph.

Altitude hold control for pneumatic-
ally operated Tactair autopilot prob-
ably will be available to public this
summer. Cuorrent Tactair owners will
be able to add new feature to present

unit. Control will sell for ApProxi-
mately $500.

Edo is studving application of its
amphibious twin-float landing gear to
Fip{:r Comanche.

National Aeronautical Corp. (Narco)
will increase authorized no par common
stock from 150,000 shares to 1 mil-
lion. Narco reports sales for three
months endzd Feb. 28 are expected to
approximate 5930,000, a 3% gain over
quarter ended Nov. 30. Nuarco sales
for year ended Nov, 30 totaled $3,-
852,000, a 53% jump over previous
year.

When he closes that heavy steel
door, an Airwork overhauled carbu-
retor will fly 10,000 feet above sea
level. A few feet away, the gauges
will tell exactly how well it would

feed an engine at this altitude. The
inspector will compare fuel flows
and air flows with the sea level per-
formance determined by previous
tests.

The box is part of an air circuit
and bleed test stand that simulates
altitudes to 20,000 feet. Airwork uses

Airwork

CORPORATION
Millville, New Jersey

NEWARK = MIAM]I = ATLANTA

“Environmental Testing"” A Carburetor

it to performance test carburetors at
those altitudes where most of their
working life will be spent.

This extra test . . . and the extra
equipment needed for it . . . are typi-
cal of Airwork thoroughness, We
make sure, before the unit leaves
the shop, that it can be trusted to
deliver top performance.

See for yourself, the big difference
quality makes. Send your next
engine to Airwork. You'll be glad
you did.

Rirwork

BRAMCHES IN:
WASHINGTOM

CLEVELAND
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Gas genarator prassurizes
hydraulic accumulator —

can also drive turbines,

opérale pneumatic servos,
provide jet thrust, give instant
power for any requirement,

Solid-fuel powered
components for
missile guidance
and control

Sperry opens new laboratory
for advanced design and development

From standstill to 50,000 rpm in one-fifth second—that’s
the performance recorded by a Sperry solid propellant-
driven gyroscope recently developed for missile applica-
tions. It explains why solid-fuel propellants have caught
the eye of missile designers looking for lightweight aux-
tliary power sources.

It's also the reason Sperry has built and staffed a com-
pletely equipped laboratory on Long Island expressly
to design, develop and evaluate solid-propellant devices.
Here work is in progress on propellant-driven rate-
measuring, directional and roll reference gyros, hot-gas
servos, gas generators, arming devices, gas-pressurized
hydraulic accumulators, mechanical actuators and jet
thrust steering units.

Easy to handle and control, solid propellants can be
stored indefinitely with no loss in ability to provide tre-
mendous energy instantly. Fewer working parts are
required in devices employing solid fuel for power, which
means their reliability is greater while their cost is lower.

Sperry is ready to undertake design, development and
production of these high-precision propellant devices.
For more information, write our Air Armament Division.

AIR ARMAMENT DIVISION

SPERR

DIVISION OF SPERRY RAND CORPORATION

BROOKLYN - CLEVELAND - NEW ORLEANS - LOS ANGELES
SEATTLE + SAN FRANCISCOO, IN CANADA: SPERRY GYROSCOPE
COMPANY OF CANADA, LTD.,, MONTREAL, QUEBEC

GIROSCOPE COMPANY

Great Neck, New York

by Gyro Dynamics are highly
sensitive instruments utilizing
the flotation concept of de-
sign. Precision-built they are
smaller, lighter and capable
of maintaining the highest
degree of accuracy through
extremes of shock and tem-
perature.

As a result, these
rate gyros have been
qualified as an inte-
- gral part of flight test

: . _ ; and stability augmen-
HOMEBUILT single-seater assembled by Nark Horn, W, Palm Beach, Fla., m spare hme tation systems of

for 51,500, has 100-hp. Continental. At 145 mph. it bums 6.2 gph. of 100 octane. many current missile
* and aircraft programs.

New U.S., Foreign Lightplanes

Standard Minjature

Designed for applications
| —in AC or DC—where
high wvibrational or accel-
erational "G" loads are
expecled.

Sub-miniature

Smallar version of AC rate
2 'gyro capable of opérating
> directly from 115V, No

transformer or choke coil
required because of high

, “Q" design, Damping: 4
to 1.0: Temp: —40°F to
-+-165°F,

b vy i e .. T ’ NOW UNDER DEVELOPMENT
£ Ol EEmriEsE o T s et B R e AVAILABLE SOON FOR PRODUCTION
ITALIAN Aviamilano I7.14 Nibbio tour-placer has a 180- 1|1 yeoming 0360 and crmses TWO.AXIS EREE GYRO

150 mph. at 6,500 ft. Runge is 621 mi. Gross weight is 2,420 Ib, with 40 gal, fucl.

Perfectly floaled construction
|soelastic structure
Synchro on outer gimbal :

Pots on both gimbals
Unique caging system

& & & & @

Gyro Dynamics can develop and

manufacture a single unit or a complete |

| "ﬂ.-.tm"—'lrn-m either ‘your design or |

our own. A stalf of specialized engineers

 are available to assist you with any

~ problem in this field. |
- For full details write:

GYRO
& . : | ﬂ. DIVISION II'F
BELGIAN Tipsy Nipper single-seater, offered in kit form for $1,500, is powered by Valks- - 2151 E. Hﬂ-ﬁEEEﬁ{ ™ .
wagen engine and cruises at "n mph. [t grosses 660 b, has 19.7-ft. wingspan. | EE_EEEHH[H.I, ,Fﬂmilﬁu__l, e
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" STAINLESS STEEL
~  HONEYCOMB
_SANDWICH STRUCTURES_

METAL BONDED
STRUCTURES

PISTON AND JET
POWER PACKAGES

"HORIZONTAL
STABILIZERS

_ STEEL WELDMENTS

-

OPPORTUNITIES FOR DESIGN ENGINEERS

With over a quarter-billion backlog, mere than 50% ecommercial, Rohr
offers the skilled aircraft design engineer the industry’s utmost in long-
range security and quick advancement opportunity in the fields of conven-

tional and jer power packages and other major military and commercial
aircratt components.

Forward resume to  J. L.Hobel, Industrial Relations Manager, Rohr Aircrafe
Corporation, Chula Vista, California, Depr. 2

AIRCRAFT CORPORATION

WAIR FLANT ARD HEADQUARTLRS t EWULA VISTA, CALIF.; PLANT RIVERSIDE, CALIF.; ASSTMOLY PLANTS: WINDER; GA. ) AUBURN, WASH,

72

— S

WHO'S WHERE

(Continued from page 13)

Changes

Dr. Wendell B. Sell, general manager,
Associated Mlissile Products Co., Pomona,
Calit.  Associated Missile Products Co.,
formerly a subsidiary, 15 now a division of
Amenican Machine & Foundry Co.: Dr. Sell
i5 a divisional vice president of AMF,

N. A. Keller, Jetstar project engineer,
Ceorgia Division, Lockheed Aircraft Corp.,
Marietta, Ga.

Angus MacDomnald, director of engineer-
mg., Military Electromics Center and the
Communications and Industrial Electronics
Division, Motorola, Inc., Chicago, Il

Richard E. Cross, director-aireraft mainte-
mance, Skymotive, Inc,, Park Radge, Il
Also: Herbert M. Bradbury, director-engi-
neering and guality control.

Roy P. Jacksom, assistant to the wvice
president, Acronutronic Svstems, Inc, sub-
sidiary of Ford Motor Co., Los Angeles,
Calif.

Dr. Kenneth D, Johnson, staff assistant to
the vice president, Atlantic Research Corp.,
Alexandria, Va.

J. E. Ashworth, Dayvton, Ohio, representa-
tive, Aveo Manufacturing Corp.’s Research
and Advanced Development Division, Law-
rence, Mass.

Kenneth D. Sneed, general manager-held
engineering, American Electronics, Inc., Los
Angeles, Calif,

Walter Helms, chief engineer, Trans-
ducer Division, G. M. Giannini & Co,
Inc., Pasadena, Calif. Also: Raymond G.
Hanson, Jr. appomted manager of sales pro-
motion and advertising for the five divisions
of Giannini,

Walker M. Mahurin, divisional represen-
tative-Western  Region office, Autonetics,
division of North Amernican Aviation, Inc.,
Downev, Calif,

Fred W, Newman, manager-aircraft prod.
uct service, Instrument Department, Gen.
eral Electric Co., West Lynn, Mass,

Ross F. Miller, cluef engineer-clectronic
systems and equipment, Nortronics, division
of Northrop Aircraft, Inc, Hawthome,
Caht,

Panl D. Williams, assistant director of re-
search, Eitel-McCullough, Inc., San Bruno,
Calif. Also: Myron C. Pogue, manager-
market research.

Col. Charles W, Gordon (USAF, ret.).
manager-Rome, N. Y., office, Defense Elec-
tromic  Products, Radio Corporation of
Amenca, Camden, N, |.

Dr. Henry G. Giuliana has joined Stavid
Engineering, Inc., Plainfield, N, ].; he will
be associated with the company’s work on
weapon systems engineering.

Samuel Agabian, vice president, Sperry
Gyroscope Co., division of Sperrv Rand
Corp., Great Neck, N. Y. Herbert Harris,
Jr., succeeds Mr. Agabian as manager of
Sperry Gyroscope’s Air Armament Division.

Bernard Bernstein, general manager-newly
established Advanced Development and Svs-
tems Division, Gulton Industries, Inc., Me-
tuchen, N, J.

AVIATION WEEK, March 17, 1958

L

Engineers:
MAKE

AVIATION HISTORY
AT RYAN

THE NEW X-13 VERTLIET 1s just one
example of the technical
break-throughs Rvan is achieving
in aviation. You'll find the same
high level of advanced engineering
in other Ryan projects:

VTOL Aircraft {jet and turboprop)
Automatic Navigation

Missile Guidance
Rocket Combustion
Jet Engine Metallurgy
Drone Design

Missile Design

For details, write to Jomes Kerns . . .

RYA AERONAUTICAL

COMPANY

2720 HARBOR DRIVE f; "ql.: "

San Diego 12, California ===

- |NEW PROJECTS CREATE NEW OPENING!
~ FOR JET ENGINE ENGINEERS

i f =l A L L _:-#1,1 m’i_l
% PROJECT ENGINEERS
L ]

i ol -
- A _' e '::,".._.'—
ME-AE-EE' with experience in jer design 1
and manufacturing.
@ Muyst have at least two vears in either

compressors, turbines, combustion, after-
burners, or nozzles.

® Duties include the development of G-E's
new high mach, high altitude engine to
specific performance régquirements,

® You will be responsible for specific
design involved, plus technical guidance
to other groups, .

ENGINE CONTROLS AND ACCESSORIES

o SEVERAL GOOD POSITIONS ARE
NOW AVAILABLE IN THIS FIELD
IN BOTH SYSTEMS CRITERIA
AND COMPONENT DESIGN
(ELECTRICAL, ELECTRONICS,
PNEUMATIC; HYDRAULIC, AND _
COMBINATIONS)

]

e
¥

The eritical period of the jet age is
here. Small engineering teams at Gen-
ernl Electric face the challenge with
completely different  ideas . . . advanced
design  principles . . . new chemical and
nuclear propulsion concepts. It's in this
active atmosphere that you grow at G-E
-+ putting your talents to use in one of
the most important phases of our nation's
military and peaceume future.

I
]
b
|
I
:
I
I
I
|
I
I
i
!
|
]

For an immediate reply, send yonr resume
fo

MR. J. A. McGOVERN
PROFESSIONAL PLACEMENT
JET ENGINE DEPT. BUILDING 501—-ROOM A-144
POplar 1-1100

GENERAL (§€) ELECTRIC

CINCINMATI 15, OHIO
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EMPLOYMENT OPPORTUNITIES

The Advertlsements in thlis sectfon Inchide all emploviment opportunltics=—ayec-
thie, Bnickngeimienl, tevhiinbeal, sellomg, offfes, sliilled, mankial, o4

Fesitions Vacant
Fositions Waniad
Part Time Work

DISPLAYED

The adverrising rate is 17,40 per inch for all adver-
li=ifg appearing on ofher than a contraet basis,
Fregueney enbes guoted on regitest.  Effective April,
+ia 00 per mch.

An Advertising inel s meastiesd 36" vertieally on a
coltjuin—2 toliumnE—40 inches 10 & page.

Znlject to Ageney Conimisshon.

Givil Bervica Opportunities

Selling Oppertunities Wantad
Selling Opportunities Offerad

———RATES———

Emplayment Agencles
Employment Services
Labor Bursaus

UNDISPLAYED

$2.10 per line, minimum 3 lines, To figure advance
payment caunt 5 average words as a fing. Effeckive
April 52,70 per lina.

Pouition Wanted Ads are %5 of plove rate

Box Numbers—connts a8 1 e

Discaeint af 0% iF Med]l pavinent 12 made i advanee
for 4 mnsemitive Inserilons,

Nor subject o Apgeacy Comimisslan

Sond NEW ADS to Classified Advertising Div. of AVIATION WEEK, P, 0, Box 12, N. ¥. 36, N, Y.

ADRDNDRESE BOX NO. REPLIES TO: Oor Xao,
Chrasiflodd Adte. Dle of this pebltealiog,
Send 1o aofflee neareal you,
SEW Yok A48 M~ f, RIGYX ra
CHICAGD JF: 220 N, Mickigan Avc,
AN FRAXNCINCO §: 48 Poxl 81,

o s

TECHNICAL

_

POSITIONS VACANT

Position open in mid-western scheduled air-
line for Revenue Accounting Supervisor. Air-
line experience necessary. Replies confiden-
tinl, Submit resume and photo to P-7317,
Aviation Waeak,

Wanted experienced pilot for Lockheed Lear-

| star. Applicant must have minimum of 5000

haura and ecurrent A.T.R. P-T4786, Aviation
Weeak.

EMPLOYMENT SERVICE

Technical Ground Service Personnel Available
Free Information on Technicians with haeck-
grounds in A&E-Electrical—Sheet Metal—
Hydarulies Light Aireraft—Helicopters—Jet
Powerplants—Airline Maintenance—Contact
Pittsburegh Institute of Aseronauties. Alle-
gheny County Ajlrport, P. 0. Box 10897,
Pittsburgh 16, Pennsylvania. Phone Collect

| —Homestead 1-7500 or 1-0463.

POSITIONS WANTED

Package Deal. Seven dissipated Marine Corps
Heserve transport pilots, Guaranteed to
withstand one " 105 vears and 30,000
hours Aying experience. This training ocost
the tax payers an estimated S22 450,000,
All hold at least commercinl SMEL instru-
ment rotings; 250 incheaz of wanistline to he
reduced as on 1 July 18958 due to RIF,
Mot addiected toe work bhut have 25 deduc-
tiong who llke to ept., Education level—
Worldly., Mean pencil pushers. Haove nair-
eraft ! Will travel, PW-7445, Aviation Week,

Enginecr-Pilat (25): Comm. Lic. & Inst.
Rating, Instructor, deg. in Eng. Technology,
3 w¥r3 Mool Eng. exp. Desires Engineering
wne for Flying position. PW-TA57, Aviation
Week.

REPRESENTATIVES

LEAR, INC. is expanding its Field
Service organization to keep
pace with an increasingly wide-
spread military acceptance of
LEAR flight control systems and
flight reference systems.

Attractive salary, liberal expense
arrangements. Assignments may
require travel or residence at
assigned stations. Company ori-
entation prior to assignments.

Qualifications include:

1. EE. degree or equivalent.

2. Knowledge of servomeacha-
nisms, gyros, electronics.

J. Tech. Rep. experiance.
4. Must be U. 5. citizen.

To apply, send resume fo:
EMPLOYMENT MAMNAGER

Corporate Pilot, age 36, married, airline
transport rating ASM.EIL. and 8 10,046
hours corporate and airline type fAving. 3
vears sales engineering background. Desires
piloting or piloting/sales position. Excellent
hackground and references. PW-7414, Avia-
tion Weel,
= ] i

Pilot ATR DC3 type rating also qualified
Aero Commander and Cessnon 310, mualti-
enine sea and Aight instroctor ratings, 2500
hours A000 multi-engine prefer spatern U, 5.
PW=T483, Aviantion Week.

-

Commercial Aviation Executive Awvailable.
Thiz man has been president of a large in-
dependent U. 5. airline. His contributions to
the industry are known throughout this entire
fleld of aviation, Young encough to be in his

prime . . . old enough to have a solid back-
ground of experience that well angrments his
mature executive ability . . . highly qualified

g5 operations head in both passenger and
cargo handling interested in oppor-
tunity with domestic or foreign airline or
privite Aeet operation. Please arrange ap-
pointment through Woods, Donegan & Co.,
Inc., 48 W. 48th S5t., N. Y. 36, N. ¥.. CO
a=-8440,

IN ALL INTERESTS OF AVIATION
If You're Important, you either read

AVIATION WEEK

I or you advertise in it, or both.

LEAR, INC.

’ 110 lonia Ave., N.W.
Grand Rapids 2,
Michigan

g A
~ HELICOPTER

Pilots and mechanics needed
Pilots mus! have 500 hours

call or wrile

RICK HELICOPFTERS, Inc.
San Francisea Airport, 5. F. 218
Ph, Juna 8-3871

e G D/
L T i

*

EX USAF OFFICER WANTED
D. C. AREA

Engineering Liaison HRepresenialive with
eslablished component manuiacturer. Send
complete resume io

P-3502, Aviation Weealk
Class. Adv, T¥v,, 1~O. Box 12, N. Y. 36, X.X.
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The New A-MP "24-20" Terminal
and Connectors are designed expressly
to resist vibration. shock and similar
stresses encountered in wire applica-
tions in every industry. They retain all

of the excellent features of the A-MP
Pre-Insulated Diamond Grip line, with
special emphasis on the need for
weight and space savings so important
in today’s equipment design.

Features of the New A-MP “24-20" Terminal and Connector are:

¢ Designed to accommodate smaller insulation
diameters of new wire specifications. « Nylon
insulated for the many favorable advantages
provided by this reliable synthetic material.

¢ Miniaturized for space and weight savings.
* The unique design of the terminal’s tongue
area affords maximum utilization of the
metal’s inherent structural characteristics.

26

The new yellow and white color-coded A-MP
“T"-Head Hand Tool provides wide range, light
weight application tooling for the New A-MP
*24.20" Terminal and Connector. An A-MP
Double-Action Hand Tool is available, also.
Both tools feature the A-MFP Certi-Crimp®
Control . . . for positive crimping of the terminal
to the wire.

Additional information is available on request.

General Offices:

AMP INGQRPORATED 1203 Eisenhower Boulevard, Harrisurg, Pa.

Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada
Aireraft-Marine Products (Great Britain) Ltd., London, England

Societe AMP de France, Le Pre St. Gervais, Seine, France
AMP—Holland N.V.'s-Hertogenbosch, Holland

Distributor in Japan: Uriental Terminal Produets Co., Ltd., Tokya, Japan
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| As part of extensive tests on these sub-
miniature gyro microsyns, temperature

| cycling tests for mechanical and elec-
trical integrity have been repeated over
the range from —65°F to +200°F,

| Test Lot--
16 microsyns were subjected as follows:

Procedure-- y

. (a) 58 full cyecles in

circulating air

chambers from: —B5°F to +200°F

(b) 232 full temperature
shock cycles by
direct thermal
immersion in four
stages; —B5°F to 0°F
0°F to <+ T75°F
-+-7T5°F to +140°F
-+-140°F to +200°F

Results=-
All units endured full cvcling without
degredation or failure,

Military Products Department

MERIGAN-aStandﬂ'l’d

DETROIT CONTROLS DIVISION
‘ 100 Morse Street, Norwood, Massachusetis

97



LETTERS

Tail Giveaway

Referring to your Aviarion Week dated
Feb. 3, someone must have shpped up on
the mformation given on p. 69, The plane
pictured on this page is captioned “F-100D
Picks Up Target.” This cannot be, as this
aircraft 15 an early F-100A-1 painted with
North American Aviation’s test aircraft color
scheme,

The vertical tail surface was the giveaway,
and a check of the serial number proved it

Buuver Kerrey
San Jose, Calif.

(Sharp eved readers keep Aviariox

WEeEx's desk men on their toes—Ed.)

Cold Facts

I was disgusted by the stream of whining
letters from so-called enginecers in support
of James Rarick (AW Deec. 30, p. 102).
There will never be a shortage of such men
a5 these.

I wish to stand up and be counted in
support of Charles McMorrow (AW Jan,
27, p. 122) for putting the cold facts to
the whiners,

Saxm E. Coorer, Engineer
American Machine & Foundry Co.,
Defense Products Group
Alexandria, Va,

“Captains’ Union . ..”

Have been following the pilot-flight engi-
neer controversy since ibs start, and have
read and heard most all the comments and
arguments from both sides. I'm sure most
evervthing that can be said has been said;
however, here are a few comments about
ALFPA in general as well as the above-men-
tioned controversy,

I have attended some of our local ALPA
pilots’ meetings whenever scheduling would
permit, and of the meetings I've attended all
pertamed to gripes of captains who are un-
happy becanse they have to get up at 2 a.m.
te cover a 5 a.m, departure and it interrupts
their sleep, and why they can’t get more
money and all other ecrew members less.
Within the past few yvears quite a few flight
navigators and engimeers have told me that
they have “been actually told by some cap-
tains that they think that the flight engi-
neers and the navigators are overpaid. So it
is no wonder that the captains want to put
a third jockey in the engineer's seat at 5350
per month so the captains can get another
rse, A few years back [ was chairman of
1 flight radio operators’ local just prior to
the mauguration of radio telephone, and the
ALPA local notified the company that the
captans would not flv the North Atlantic
without a flight radio operator, but also let
the company know that if thev received a
550 a month mise thev would gladly fly
witheat an FRO, -

One of the most disgraceful plights is
that of the copilot. At the meetings that I
attended the copilot would hardlv dare to
request the floor for he usually would be
shouted down or out-voted, and if he was
allowed to speak his picce he could be as-
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Aviation Week welcomes the opin-
ton of its readers on the issues raised
in the maogasine’s editorial columns,
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Week. 330 W. 42nd St.. New York 36.
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waords and give a genuine identification,
We will not print anonvmous letters.
brut numes of writers will be withheld

on reguest.

sured that he would get a downgrading on
his next prohciency check. Yet the copilot
is compelled to join ALPA's “captains’
unmon” and pay dues if he desires to remain
with the company, This situation may be
relative only to our own local, altheugh 1
dounbt this very much. But, if it is s0, 1 still
deplore ALPA in Chicago for allowing this
condition to exist in any of their locals.
The fundamental argument concerning
the FEIA 15 how long the airlines are going
to allow ALPA to dictate company policy.
If they (ALPA) accomplish what they de-
mand by refusing to fiv the jets (AW Dee. 9,
p. 47 and Feb. 10, p. 43), airline manage-
ment might better resign and turn every-
thing over to ALPA, This is apparently
what the pilots want. Then they could
take over the FE's job, the Nav's job, the
stewardess' job, and even empty the honey
buckets for an additional $25 a month.
To qualify myself to make these state-
ments and assure vou that I am not anti-
umon, I orgamized a Flight Radio Operators
Union in the late 40's and was instrumental
m the organization of a Flight Navigators
Union, Thank you for vour unbiased jour-
nalism on all matters in aviation, as well as
the FEIA sitnation. Rapio OPERATOR

Reseda, Calif.

.« . For “Simple” Jets?

| have noted a few points which I feel
shonld be emphasized at this time in the
pilot vs. flight engineer controversy over
the forthcoming jet crew complement. Jet
aspeeds  will be  greatly  increased  over
present piston engine airspeeds.  Passenger
capacity per aireraft will be nearly doubled.
All existing long range flights will be short
range flights calling for single instead of
multiple crew  operations, and navigators
(ALPA men) will not be used. By adding
these factors we can see that unless there is
4 new tremendons surge of growth in pas-
senger  potential to absorh the manifold
growth of flight crew productivity, there will
be a large cutback of Right crew personnel
a5 jet cquipment replaces piston engine
cquipment,

The ALPA knows that airline manage-
ment will not “buy” featherbedding, there-
fore, the obvious solution s to “case out”
the skilled professional flight engincer in
order to accommodate the junior inexperi-
enced pilot.

What would a third pilot do? There
will be two sets of flight controls and two
flight instrument p:mﬂi:. the same as now,
The three-pilot jet crew would be like a
foothall team with evervone a fullback.

We are being promised simplicity in our
fqrtlu’:mning engines. Even if the jet en-
gmes were simple, which is certainly not

the case, we must not forget the rest of the
airplane.  We cannot head out over the
ocean “riding herd” on our four SIMPLE
jet engines and leave the airframe, with its
dozen or more svstems, behind, Do we
know of any serics of heavy transport air-
craft where a new model was made simpler
than its predecessor? Let us look at existing
transport aircraft and the auxiliary equip-
ment, instruments and controls that have
been added by both the manufacturers and
operators (after the basic model had been
placed in service ), either because they were
vital for safety or important for efficiency.

Dur new jets are heavy but sensitive, clean
but complex aircraft demanding the finest
piloting technique from their pilots and the
highest degree of technieal skill, competence
and knowledge from their flight engineers.
Who can say what it is worth to he able
to recognize a dangerous condition promptly,
cvalvate it, and take the necessary action?
We have flight engincers who have been
domg just this for up to 20 vears and longer,
Would von not use them now at a time
when their training and experience are at
a4 peak value for forthcoming safety and eff-
ciency on this new, different and compara-
tively untried equipment? Civil aviation
cannot tolerate a serics of disasters such as
plagued the military in its initial experience
with heavy jet aircraft,

ALPA exerts great economic pressure and
will go to extremes to further its selfish
mterest i this matter. The traveling public
assumes that when it steps on an airplane
everything has been and will be done by all
the various departments and personnel to
ensure a safe, comfortable flight, Travelers
entrust their lives to us and %ltty deserve a
better shake than this.

ArtHur A, DeLaxo
Flight Engineer
Huntington, N, Y.

Neglected Danger

Your magazine Aviation WEEK is so
good that it is endangering the safety of
this country. '

_ Because of your excellent coverage, mil-
lions of Americans have been alerted to the
needs of airpower and air defense.

However, | believe vour efforts have at-
tracted attention away from our greatest
danger; ie., a fleet of 700 submarines, all
carrying  detachable time-fused hydrogen
bombs, to be planted adjacent to all of our
coastal cities. | would appreciate an edi-
torial which would call attention to this
neglected danger.

R. T. BargerT
Environmental Test Engineer

South Laguna, Calif,

Cruising Speed

Re: “Boeing 707 Basic Data™ on p. 53
of the Jan. 20 1ssue of AviaTion W EEK, the
cruising speed (595 mph.) for the 707-420
i now obsolete. It should be the same as
for the 707-320 (605 mph.).

Gorpon S, WiLLians
Boeing Airplane Co.
Renton, Wash.
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BALANCED
ARMATURE
DESIGN

P ey

LEACH

balanced-armature relays
solve environmental problems

... unique design gives high resistance

BIFURCATED
CONTACTS

9226 ... Balunced

Armature relay,
Square configuration
with a variety

of mounting and
terminals available,
Hermetic sealing is
LO0% tested by minss
spectrometer.

lE‘ \c H CORPORATION

to shock, acceleration, vibration

Leach Balanced Armature relays are now solving the most exacting
problems for svstems designers. Exelusive balanced armature

design eliminates faulty operation of contacts due to vibration and shock
forces. Bifurcated contacts assure high reliability in contact-making
circuits, You'll find these execeptional relays give optimum performance
in resistance to shock, aceeleration and vibration.

Typical Ratings

6 PDT
Normal operating voltages—8-115 vde—
115 vace (400 cyele ).
Contact ratings @ 28 vde or 115 vac, single phase
Resistive—3 amp @ 125°C
—Samp @ 85°C (dec only)
Inductive—1.5 amp @ 8§5°-125°C
Motor Load—1.5 amp @ 85°-125°C
Rated dutv—continuous
AMinimum eyveles—100,000
Weight—0.3 lhs, max,
Shock=50 G's
Vibration—13G's—2000 cps
Applicable specifications
MIL-R-6106C
Class A5, AS, BS
Minimum current test applicable
MIL-R-5757B
Class A & B

We invite other special requirements such
as microamp switching, high vibration,
and special mounting.

See for yourself

Write today for vour copy
of the Leach Balancerd

Armature catalog,

LEACH RELAY DIVISION ss15 avaton stvo. tos anceLes 3, cALiForniA

DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA « INTERNATIONAL DIVISION, 7240 WISCONSIN AVENUE, WASHINGTON 14, D.C.
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New materials, capable of withstanding
extremely high temperatures and encom-
passing properties that meet specific
requirements are now being ¢éreated at
ServomechHanisms’ Research Laboratory.
SMI’s research has been in the field of solid
state physics, wherein the study of basic
atomic and molecular properties of matter
has resulted in materials that can actually
be designed to accomplish specific tasks.
The challenging space age will depend
heavily upon such techniques.

Major scientific break-throughs in the
"State of the Art” have already resulted in
new materials capable of operating at
S00°C and new investigations indicate that
this upperlimit may be extended to 1000°C.

The above illustration pictures an experi-

mental hot press, developed by SMI, for

MECHATROL DIVISION
Westbury, L.I., New York

SUBSYSTEMS DIVISION
Hawthorne, California

SPECIAL PRODUCTS DIVISION
Hawthorne, California

basic investigations into these new mater-
jals. The press subjects various compounds
to 3,600°C and 6,000 PSI| in a vacuum
or inert gas.

These new advances are providing posi-
tive supportto the ever-increasing require-
ments of the Department of Defense. The
expanding Research Laboratory facilities
are ready to assist you in your advanced
scientific programs.

| GENERAL OFFICES
12500 Aviation Boulevard, Hawthorne, California

RESEARCH LA_BC)RATGRY
Goleta, Ca:;lifcnrnia

The products of SM1 are available in Canada and throughout the world through Servomechanisms (Canada) Limited, Toronto 15. Ontario.



