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BRUNSWICK HONEYCOMB

Brunswick Laminated Honeyvcomb
weighs only .0005 of a pound per
square inch, vet this miracle in
metal can support over 1000 pounds
per square inch. Metal honeycomb's
high strength to weight ratio, re-
sistance to sonic vibration, resist-
ance to flexure are just some of the
many advantages it offers aviation.

R BV e,

Leading producers of military air-
craft regard Brunswick as the prime
supplier of compound contoured
honevcomb components. Brunswick
has earned this reputation. Experi-
ence and engineering skills in depth
are furthering it! Every phase of
production is held well within the
tolerance limits by skilled research,

BRUNSWICK

ki

IS MIRACLE METAL/!

Whatever your problem in metal
honevcomb, conventional metal-
work or in reinforced plastics,
Brunswick can do the complete job
. + . Irom design right through fab-
rication and testinz, Write today to:
The Brunswick-Balke-Collender
Co., Defense Products Division,
1700 Messler St., Muskegon, Mich.

MARKES YOUR IDEAS WORK

Oough
abrics

fOr jough
wObS

HOW RUBBERIZED FABRIC, PIONEERED BY
GOODYEAR, WORKS TO SERVE AMERICA'S DEFENSES

W

SAVING TEST MISSILES
FOR ANOTHER DAY

Inflatable Goodvear Recovery
Bags, made from rugged
rubberized fabrie, fold easily
within missiles—inflate to
“ground impact cushions”
for landings.

BUILDING A completely inflatable airplane made

STRUCTUREs ¢ntirely from Air Mat Fabrie, the
miracle fabric which makes possible
a new concept for designing light-
weight collapsible structures.

WITH FABRIC
AND AIR

Got a problem for which rubberized fabric might provide the answer? Why not talk it over
with Goodyear—pioneer in tailoving rubberized fabric to fit any application. Address:
Goodyear, Aviation Products Division, Akron 16, Ohio, or Los Angeles 54, California.

GOODFYEAR®

AVIATION PRODUCTS
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Engine air scoop rﬂa‘-l'mg‘ rricrid @ -!w R, H, Osbrink M/fg. I’_a.n'r,rmn'.' .Lus Aﬂ.t.:*-l'f"l

MAGNESIUM “SUGAR SCOOP” HELPS REGULUS Il BREATHE

Huge thin-wall magnesium casting satisfies appetite for air

At supersonic speeds more than ten miles above the earth,
Chance Vought Aircraft's Regulus 1I consumes enormous
cquantities of air through a 130 lb. magnesium casting,

This complex, close tolerance magnesium casting supplies
air for the Regulus’ powerful J-79 jet engine. It also provides
ducting for boundary layer control and for air conditioning.
Nominal thickness on walls and webs is 0.24 inch and the
solid leading edge tapers to a 0.015 inch cast radius. Cast-
ing tolerance is + or —0.03 inch on dimensions up to 12
inches, with an additional 4 or —0.002 inch per inch

L -'.-".‘.".i :

j_.*r— ‘#ﬁ%“%& ﬂ'-"" .‘.‘.‘1.}"..,_
N A - - p

on dimensions above that, That’s real casting accuracy!

This air scoop is an excellent example of the versatility and
usefulness of magnesium alloy castings in aircraft design.
Thin-wall casting designs can be produced in magnesium
to replace complicated, costly fabrications involving several
production operations,

For more information about magnesium sand castings and
their use in aircraft design, contact your nearest magnesium
foundry or Dow sales office.

M
I's
‘I:.. j L |‘|.

MAGNESIUM DESIGN, a 235-page handbook, discusses in detail: properties, struc-

‘i*"" tural design, product design including castings and mill products, fabrication and
- finishing. Large section of tables on properties, sizes, tolerances, etc. For your

P Michigan, Department MA 14563K.
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— YOU CAN DEPEND ON

copy contact a Dow sales office or write to THE DOW CHEMICAL COMPANY, Midland,

AVIATION CALENDAR

June 16-18—Second National Convention
on Military Electronics, Sheraton Park
Huotel, "ﬂ.hiungt-::-n D. C.

June 19-21—Annual Mecting, Institute of
Navigation, University of Califormia Santa
Barbara College, Goleta, Calif,

June 22.27—Caolden Jubilee Meeting, Amer-
ican  Institute of Chemical Engineers,
Philadelphia, Pa.

June 22-27—61st Annual Meeting, Amernican
Society for Testing Materials, Hotel Stat-
ler, Boston, Mass.

June 22-27—Summer General Meeting and
Air Transportation Conference, Amernican
Institute of Electrical Engineers, Statler
Haotel, Buffalo, N. Y.

June 23-24—Summer Meeting, Western
States Section, the Combustion Institute,
Dwinelle Hall, University of California,
Berkeley, Calif,

June 23-25—Annual Technical Session, In-
vestment  Casting  Institute, Muskegon,
Mich,

June 23-27=Vacuum Metallurgy Program,
New York University, For details: Dr,
Bunshah, NYU Cull:.gl. of Engineening,
University Hgts., Bronx 53, N, Y.

June 24.26-31st Meeting, Aviation Dis-
tributors and Manufacturers Assn., Mount
Washington Hotel, Bretton Woods,
N. H.

June 25-28—23rd Annual Meeting, the Drop
Forging Assn.,, the Homestead, Hot
Springs, Va.

June 27—First Water-Based Helicopter Sym.
posium, sponsored by the Bureau of Aero-
nautics and Stevens Institute of Tech
nology, Stevens Institute of Technology,
Hoboken, N, J.

June 30. ]uIy l—-Industry Missile & ";::p:-u:::
Age Conference, sponsored by Aero Club
41f Michigan, Haotel Statler, Detroit, Mich,

]!.II}' 4.6—-Northeastern States Clmm]}mmhlp

(Continued on page 6)
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fions regnrding suliscripiion or chanee of address. EEpdil-
tive, Editerial. Cirtulation and Advertising Offices: Me.
Graw-Hill Building. 330 West 42nd Strest, New York 36,
M. ¥. Publicitlon Offiees, $9-120 Xorth Hroadway, Al-
bany I, N. Y. Donald ©, Metiraw, President; Joseph AL
Gerandl, Faeentlve Vies President] L. RKelih Goodrich,
Viee Presldent and Treasurer: John J. (Cobkie Secreiary?
helson Bond, Executive YViee President, Publications 1ivi-
piori; Halph I Smith, YViee President and Editorial
IMreetar: Joseph H. Allen, Yiee President and Dirnvetor of
Advertising Sales; A, H. Vepezian, Vies IPresident and
Clecualafbon Casardinnior,

Subseriptions are solicited only from persons who have
A commercial or profestional Interest in aviation. inelud-
ing misgiles and space technology, Position and company
conne¢tion must be indlcated on subseription order.

Slogle coples 756, Subacription rartes—1L'nited States
anil possissions, 37 one year. Canoda 28 onoe year. All
ot lier eountrles, S50 o vear,

Second clnss mall privileges authorized at Alhany 1,
K. Y. I'rinted] In U, 8. A, Tiitle reglstered in T 8. Patent
Ofice. ©Copyright 1058 by MeGraow-Hill Publihing (Yo, ,
I, Al rights reserved. Cable Adidress: “MeGraw-Hill
Kew York"™ TPublleations combined with AVIATION
WEER Inetluding SPACE TECHNOLOGY cre AVIATION,
AVIATION NEWE, ATR TRANSEMRT, AEROXAUTICAL
ENGINEERTING and ATHCORAFT JOURNAL. All rights

o these names arnd resittved Dy AeCGraw-=-HEl Publishing
‘|.'l.|'

i = e ——
I Subscribwrs: Bend eorrespondence and change of
pddress to Fuliillment Mannger, Aviation Week, 330
West 430 Streef, New York 36, N, Y. Subser]lsers

should notify Folfilment Mannger promptly of any
f change of address, giving ald as well ps neow addrass
Ineluilding postal xone niunber, Enclose pecent address
bl I possible. Allow one month for change (0 bo= |
eafme  @Tecrive,
| —

Postmaster: Pleass send form 3579 1o Avintion Week,
?“'E“ﬁé‘“ Epg}:n Technology, 330 West 42nd Street, New
or .

AYIATION WEEK, June 9, 1958

MecDonnell F-101

Douglos
F4D-1

Avro Arrow CF-1035

Chance Vought Regulus Il

WIDE ACCEPTANCE of the Houdaille Flutter Damper is
demonstrated by its use on virtually all of today’s high performance
aircraft, a few of which are shown above. Houdaille
manufactures a broad range of designs, in both rotary and linear
types, to meet any control surface application . . . any

envelope limitation. For the final solution to flutter problems, a
Houdaille damper is your answer !

WRITE FOR TECHNICAL BULLETINS giving complete

performance and operational data.

,.'1'1' "l'

S -
) oudaille
B
- oo |nJuUstries, Inc.

in designing Autter

damping devices to BUFFALO HYDRAULICS DIVISION
meet any peed,
537 EAST DELAVAN AVEMUE & BUFFALO 11, NEW YORK



designed
for jet engines

...CEC’s economical vibration pickups

Wherever vibration is present—on jet engines, machinery,
motors, or generators—CEC's new line of low-cost vibration
pickups find ready application. Featuring constant damping
over the operating temperature range of —65°F to _
+500°F, the omnidirectional 4-123 and its horizontal and
vertical counterparts (4-121 and 4-122) perform with
precision in oily or corrosive atmospheres. Sand, dust, or

fungus cannot penetrate their hermetically-sealed interiors.

The 4-123, with its 45-2000 cps
operating range, is ideal for
jet-engine monitoring where the
lowest frequency encountered

is approximately 50 cycles. The
4-121 and 4-122 monitor turboprop
vibrations in the range of 15 cps to
2000 cps. Each tyvpe weighs only
4.25 ounces including connector, For additional
information, call your nearest CEC sales and service office,
or write for Bulletin CEC 1596-X1.

Transducer Division @

Consolidated
Electrodynamics

300 North Sierra Madve Villa, Pasadena, Californii

RECOGNIZED LEADER IN GALVANOMETERS — TELEMETRY,
PRESSURE AND VIBRATION INSTRUMENTATION

AVIATION CALENDAR

(Continmued from page 5)

Soaring Contest, Harris Hill, Elmira,
M. Y.

July 8-11—-The Institute of the Aeronautical
Sciences, National Summer Meeting, Am-
bassador Hotel, Los Angeles, Calif.

july 14-15—=Triennial Inspection, National
Advisory  Committee for  Acronantics,
Ames Acronantical Laboratory, Moffett
Ield, Calif,

July  14-25—FPhvsics of Infrared Radiation
Program for research scientists and engi-
neers, Massachusetts Institute of Tech-
nology, Cambridge, Mass,

Julv 24.25—Fifth Annual Symposinm on
Computers and Data Processing, Albany
Hotel, Denver, Colo.

Aug., 5—Regional Technical Meeting on
Space Exploration, sponsored by Amern
can Rocket Society and the Inshitute of
the Aeronantical Sciences. For details:
R. D. Linnell, General Chairman, Space
Exploration Mecting, 3300 N. Harbor
Drive, San Diego 1, Calif,

Aung. 6-8—Special Technical Conference on
~Non-Lincar Magnetios and Magnetic Am-
plificrs, sponsored by the Amencan In-
stitute of Electrical Engineers, Hotel
Statler, Los Angeles, Calif.

Aug.  13-15—Conterence on  Electronic
Standards and  Measurements, National
Burcaun of Standards, Boulder Labora-
tories, Boulder, Colo, Jomtly sponsored
by NBS, Amencan Institute of Electrical
Engineers and Institute of Radio Engi
Neers,

Aung. 17-23=AMlissiles Operations Research,
Engincering Seminar, Penmsylvania State
University, University Park, Pa,

Aug. 19-22—-Western Electronic Show &
Convention, Insthitute of Radio Enginecrs,
vimbassador Hotel, Los Angeles, Cahf.

Aung, 25-30-=Ninth Annual Congress, In.
ternational Astronantical Federation, Am
sterdam,  Holland,

Sept. 1-7=1955 Famborough Flving Display
and Exhibition, Society of Bntish Aar-
craft Constructors, Famborough, Eng
land

Sept. 3-5—=1938 Crvogenic Engineering Con-
ference, Massachusetts Institute of Tech
nology, Cambrnidge, Mass.

Sept. 8-13—First International Congress of
the Aeronautical Sciences, Palace Hotel.
\Madrid, Spain

Sept. 13-19—Annual Instrument-Automation
Conference & Fxhibit (International), In
strument Society of Amenca, Pluladelplna
Convention Hall, Philadelphia, Pa.

Sept.  22-24-=1958 Mlecting, Protessional
Group on Telemetry and Remote Con-
tral,  Amencana  [Hotel, Bal Harbor,
AMiami Beach, Fla,

Sept.  22-24=5cventh  Annual  Mecting,
Standards Engineers Society, Benjamin
Franklm Hotel, Fhi]ndl.-]]}hi;l- Ha.

Sept. 29-0ct. 3—National Aeromautic Mect
e, dSociety of Automobive Ingimeers,
Inc.. the Ambassador, Los Angeles, Calif.

Oct. 27=14th Annual General ."'-«luliﬂg of
the International Air Transport Assn,
New Delhi, India,

Oct, 27-28=FEast Coast Conference on Ao

nautical & Navigational Electronics, ‘In-

stitute of Radio Fngincers, Lord Balti
more Hotel, Baltimore, Md

AVIATION WEEK, June 9, 1958

HOW TO SOLVE AIRCRAFT AND

COMPONENTS DESIGN PROBLEMS WITH

FEMPERKTURE SK0F |

Intense cold (down toe —30°F) or
searing heat (up to 700°F), G-E
Versilube F-50 exhibits the most
constant viscosity and best sta-
bility of any hydraulic fluid.

Write for more information ...

GENERAL @3 ELECTRIC

Silicone Products Depariment, Waterford, New York

e ——

@B SILICONE IDEAS

Preblem: Find a high-temperalure aircraft wire that pro-
tects itself—and the crew.

Solution: Wire made with G-E silicone rubber insulation.

Exposed to an 1800°F flame for hours, G-E silicone
rubber insulation still insulates, forming an ash of
silicon dioxide, an excellent non-conductor. No toxic
fumes are released, nor will it shrink and expose the
wiring, as the laboratory experiment on the left shows.
Silicone rubber has superior dielectric strength at high
temperatures and keeps it for vears. It stands up well
to oil and fuel splashes, has low water absorption. It

is highly flexible down to —75°F.

Check into the specifications for silicone rubber aireraft
and ignition wire, for it costs little more than standard
wire, and much less than other high temperature wire.

Technical literature and names of qualified wire and
cable manufacturers are available on request,

Problem: Design a flexible duct capable of resisting flames,
which will carry air ot 700°F.

Solution: Specify G-E Class 700 silicone rubber.

Problems like this in aircraft de-icing, engine-warming
and cabin-heating ducts are being successfully solved
with General Electric's improved Class 700 silicone
rubber. With a service range from —120° to 600°F
ducts made of G-E Class 700 resist prolonged heat at
600°F and can carry air up to 700°F, Tests prove good
resistance to common aircraft fuels and lubricants, in-
cluding MIL-L-7808. Ducts and duct connectors made
from G-E Class 700 silicone rubber exhibit low com-
pression set—will not “cold flow” under clamps. And
with improved flame resistance, Class 700 is proving to
be the ideal material for all flexible hot air duct appli-
cations, Special G-E silicone rubbers are available for
almost every application. Technical data on request.

Problem: Find o hydraulic fluid that funclions over the
—30°F. to 700°F. range needed for future aircraft.

Solution: Versilube F-50, General Electric’s new silicone
fluid, with the best performance over this range of
any hydraulic fluid now available,

Over the —30°F to T00°F range, only General Electric’s
new silicone fluid, Versilube F-50, provides adequate
performance in all these areas: thermal stability, lubri-
city. viscositv-temperature coefhicient, oxidative stahility,
oxidation threshold temperature and hydrolytic stability.

No other serviceable hvdraulie fluid matches the
thermal stability of G-E Versilube F-530—up to 600°F
and for many applications, up to 700°F. Its lubricity is
unequalled at temperatures as high as 700°F and com-
parible to other hvdraulic fluids in the moderate
ranges. Versilube F-50 also maintains a more nearly
constant viscosity than other hyvdraulic fluids over the
—30°F to TO0°F.

For more information about Versilube F-50 and other
G-E silicone fluids, send the coupon below.

_—_—__-____———_-____————____

Section D516, Silicone Products Dept.
General Electric Company, Waterford, N. Y.

Please see that | receive all available information, plus names of
manufacturers, of: [] aircraft wire [ hot air ducts [ ] silicone
fluids for mechanical applications. [] | also want data on:

Name ____Position

Company

Address E
City Zone_______ State
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RYAN HAS YEARS OF EXPERIENCE
IN MISSILE DESIGN. GUIDANCE, PROPULSION

LI

Modern missiles have not only changed the concepts
of global strategy — but also the concepts of heat, speed
and power. The incredible fuel consumptions, acceler-
ations and temperatures of these man-made meteors
have made manufacturing methods obsolete. Tiny
imperfections can cause a missile to run amok through
vielent, unstable combustion or wildly erratic guid-
ance. Rvan is skilled in meeting the demanding preci-
sion of missile fabrication because Ryan has years of
experience in designing, guiding and powering missiles,

DESIGN— Complete development of the Firebee jet
drone missile—aerodyvnamic and systems design, quan-
tity manufacture, and field service. The Firebee is in
volume production for use by the Air Force, Navy and

. W TS

RCAF. Rvan has also carried out extensive research on
air-launched vehicles and 18 engaged on a new project
for an advanced tvpe nuclear weapon delivery system.

GUIDANCE—-Development of advanced military radar
systems for supersonic missile guidance; RANAV
(Ryan Automatic Navigation) Doppler systems; and
ground speed indicators and hovering devices for heli-
copters, airships, and VTOL aircraft. Rvan is a pioneer
in continuous-wave radar techniques,

PROPULSION — Manufacture of powerful liguid
rocket motors for surface-to-surface missiles; ramjet
combustion chambers for ground-to-air missiles; and
major high temperature components used by turbojet-
powered missiles.

RYAN BUILDS ONE-HUNDREDTH

BOEING JET TANKER AFT FUSELAGE

Huge aft fuselage sections for
Boeing KC-135 jet tankers are now
rolling off the Ryan production line at
the rate of 15 a month.

Production of the giant airframe
structures is well past the 100 mark,
and ahead of schedule.

Rvan and Boeing have been in pro-

VERTIJETS CAN GIVE
U.S. THE ADVANTAGE

IN AIR POWER

Unlike conventional jets, Rvan's
Vertijet 1s not dependent on vulner-
able runwavs and air bases. It can be
widelv dispersed in rough terrain or
forests, or in underground “foxholes.”

This revelutionary craft takes off
and lands straight up and down on jet
thrust. Combat Vertijets will be more
maneuverable and faster than conven-
tional jet fighter-bombers, more mo-
bile and accurate than ground-to-air
missiles.

“Such vertical take-off jets can give
us a tactical advantage never before
realized,” says a top expert on air
power, *. ., as revolutionary a change
in tactics and strategy as the jet
engine itself.”

duction partnership for more than 10
vears. Rvan also built 888 fuselage
sections and refueling pods, external
wing fuel tanks and other components
for the KC-135's predecessor, the
piston-engined KC-97. The KC-97
production line met “on schedule”
deliveries for seven vears.

Enroizteare TAADEuARK

RYAN BUILDS BETTER

PACKAGED POWER
FOR DOUGLAS DC-8s

Complete jet engine pods and
supporting wing pylons for the new
Douglas DC-.8 Jetliners are now
entering full production at Ryan.
Ryan has been a major producer
of equipment for military and com-
mercial power plants since 1938.
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To increase the flow of intelligence

The ever increasing communications requirements of the fast
approaching space age demand improvement and better utili-
zation of every transmission channel. Westinghouse is solving
many of the problems by converting advanced information
theory into practical designs and equipment.

Westinghouse Electronics Division is designing, developing
and producing communications systems to meet present and
future challenges of intelligence transmission.

Westinghouse Electronics Div., POBox 1897, Baltimore 3, Md.
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JOB Reflects Navy Development Changes.......... 18

» New philosophy requires more running hours before engine com-
pletes 150 hr. test and is accepted for production.

DC-8 Moves into Flight Test Program....... EARQEESE

» Eight additional Douglas jet transports will be assigned to join
in first flight test phase of development.

F4H, FBU-3 Competition Gets Hotter...........21, 43

® First flights are made within o week of each other; range vs.

altitude is basic issue.
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Solenoid shut-off valve —=
controls helium and JP-4
fuel vapor in an environ-
ment of inhibitéd red
fuming nitric acid

]3”5

Check valve — one of many
types of high pressure
check valves designed to
meet complex specifications
in the changing Missile

and Aircraft Industry.

L,
L - B [f*

Complex valves for special
fluids and gases: valves
shown used at fluid
temperaturg A50°F,

3000 p.5.0. Hydraulie
Actuator with internal
pressure actuated locks
and elechric limit switches,

INTEGRATED HYDRAULIC SYSTEM

Haot air shut-off and
pressure regulator;
temperatures to 815°F;
infet pressure o

250 p s.i.: outlet pressura

*a priceless ingredient . . . experience range from 530 p.s.L.g.

p.5.1.

REPRESENTATIVES:

Pneumatic actuators with
integral pressure snubbers,
external buffer cylinder,
integral filler-check valve,
filters, etc., for operating
pressure to 3000 p.s.i.

ORPORATION

. = Telephone TExas 0-5511
li-immiﬁm

m ; iy brochure,
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EDITORIAL

European Research Program

Some five years ago, the Air Research and Develop-
ment Command established a European office in Brus-
sels to organize a program enlisting the best technical
brains of Furope i its basic rescarch program. At this
late date, it should not be necessary to emphasize the
major scientihc contributions made by European re-
searchers, not only in basic work but also in many
specific U.S. devclopment programs such as atomic
weapons, supersonic flight and avionics.  Suffice to say,
it has been substantial and ARDC was on sound ground
in assuming the U.S. had no monopoly on technical
brains. Nor can our own technology achieve maximum
progress without actively enlisting the support of the
best research ability wherever it can be found.

Recently, we spent a pleasant aftemoon at ARDC's
Brussels office with Col. Lee Gossick, now head of the
European office, and his director of technical operations,
Lt. Col. Raymond Nelson, to take a fresh reading oa
how this vital program 15 progressing. We were happy
to ind that one of the manv benehcial effects the Sovict
Sputniks had on U.S. support of research and develop-
ment has been a marked acceleration of this effort to
utilize European research specialists to cover gaps in
resources and capabilities of USAF's basic research.

Operated by ARDC’s Ofhice of Scientihe Research
from a bare beginning of 15 contracts valued at $250,000
signed in Fiscal 1953, the operation had grown to a
volume of 203 contracts valued at 55 million last vear,
with the program more than doubling since the first
Sputnik began orbiting. It now arranges for the work
of about 1,500 Europecan researchers in 16 countries at
a total cost in ARDC overhead of about $400.000. This
low overhead cost is an outstanding feature of the ARDC
FLuropean office which does the job with a total of only
44 people, of which half are simply clerical.

The European office had tough sledding in its early
dayvs. In the Wilson-Newburv era, basic research was a
dirty word in the Pentagon. ARDC's entire effort in
this feld, both domestic and foreign, staggered along
on a starvation diet from which the effects will be felt
tor a long time. European scientists, most of whom are
in umiversities rather than the induostrial complex, didn't
relish the idea of working with the U.S. military for
a variety of reasons, including the then-rampant McCar-
thyism. Gen. Thomas Power, then ARDC commander,
gave the Furopean effort a big boost as part of his cam-
paign to rcorient ARDC toward a big “R" for research
and a smaller “d” for development but even as late as
October, 1957, USAF’s rescarch programs were getting
the sharp bite budget act.

Beeps of the Soviet Sputniks have had a major effect
in stimulating relaxed purse strings for basic research
programs, and fortunately the Furopean program has
not been neglected in this effort. Since last fall, when
it had a backlog of 125 ARDC-approved proposals from
Furopean scientists sitting on the shelf for lack of funds,
the European office has shifted into high gear. It now
has a total of 242 active contracts tﬂta]mg 55 million
in value with 40 approved proposals totaling $637,000
in the procurement mill and with 82 more proposals
planned for a $3 million expenditure under active study

by the European office and ARDC's centers in the U. 5.

Roughly, here's how the European office operates. It
invites research project proposals from European scien-
tists. Its 18 ofhicers have ranged all over Europe, from
Scandinavia to Turkey and Israel, dealing with specialists
in particular fields that fit into gaps left by the domestic
OSR program or in fields where the U. S. has limited capa-
bility. These proposals are sent to the appropnate U. 5.
ARDC center, mostly to OSR and Wright Air Develop-
ment Center, for study in view of the over-all H'LRDC
program plus a check on methods to be used if the
proposal fits ARDC’s program. Approval goes to the
European office, which then writes a contract with the
researcher and receives the fimished product. Finished
product is simply paper—technical reports, with the sin-
gle exception of prototvpe development of carcinotron
tubes in France. These programs do not call for any
hardware development, The program operates in gen-
cral fields interesting to USAF, including biosciences,
chemistry, combustion, electronics, geophysics, mathe-
matics, materials, mechanics, metallurgy, physics, propul-
sion and solid state sciences.

Here are some titles of hmshed reports selected at
random: Meteor Trail Measurements by Radio Detection
Means bv Dr. Lovell, University of Manchester, Eng-
land; Research Conditions Surrounding a Body Moving
at High Speeds in Tonosphere by Dr. Devinenne, Medi-
terrancan  Research Laboratory in Thermodynamics,
Nice, France; Research on Ring Airfoils by Dr. Weiss.
inger, Karlsruhe Technical Institute, Germany; Research
on Closed Cycle Gas Turbine by Dr. Keller and Pro-
fessor Ackeret of Escher—Wyss Ltd., Zurich.

All technical reports are unclassified and available
through the Armed Services Technical Information
Agency in Washington. Authors are free to publish
these reports in technical journals of their own choos-
ing and many do. Researchers retain any proprietary
rights to their work except where the U.S. government
is concerned. However, many applications of this re-
search disappear behind the secunty curtain when in-
volved in specific hardware development programs.

[t 15 alwavs hard to pinpoint the value of any specihe
piece of basic research—a fact Congress has vet to learn.
However, research in electromagnetic propagation done
in Furope has supplemented limited U.S. capability in
this field for the USAF Cambridge Rescarch Center.
Centnipetal pump developed by Dr. Markus Remner, of
the Ismacl Institute of ‘1 r:chnﬂlng‘l. Haifa, as a research
tool for his air viscosity studies for ARDC, is an exciting
imdication of a basic new approach to boundarv laver
control or a possible revision of the basic theories of
acrodynamics.

Because of the Furopean academic salary standards
plus the fact that the European office adherés to them,
the rescarch dollar goes about four times farther than
for similar work in the U.S. However, in addition to
cconomy of operation plus technical results achieved,
ARDC’s basic research program in Furope has done a
tremendous job in the establishment of ties of mutual
respect between the European scientiic community

and the U.S. —Robert Hotz
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. effectivate™ the most complex systems

train with I= IR @_ € D (devices

The human foctor becomes proportionally more critical as the operation of modern

weapons and industrial control systems becomes more complex,

“Short term* military personnel responsible for operating multi-million dollar
defense equipments, must be brought te the highest degree of training

in the shortest possible time. This “Man-Machine” link is critical to our national
defense — and to be prepared we must be in a position to Effectively Activate™

the complex systems being designed and delivered.

These ERCO “"Human-engineered’ troining devices are designed to safely, quickly,
economically, and efficiently bring about proficiency in operators at oll levels

of experience. With our outstanding contribution in the field of simulation

os background we are meeting new training requirements os they arise . .,

providing sound, realistic training devices to government and industry.

Write today for “The Man-Machine Data Link,” ERCO Plant MNuclear Products —
ERCO, division of ACF Industries Incorporated, Dept, MT, Riverdale, Md.

WHO'S WHERE

In the Front Office

Ronald Duckworth succeeds Byron F.
Sherrill as assistant to the board chairman,
Trans World Airlines, Ine.  Nr. Shernll s
now general manager of La Nica, the
Nicaraguan Airline.

Philip S. Fogg resumes the presidency
and continues as board chairman, Consoli-
dated Electrodynamics Corp., Pasadena,
Calif. Hugh F. Colvin now senior vice
president in charge of Pasadena divisions,
Also: Kennett W. Patrick, vice president
in charge of Monrovia divisions, and Frank
M. Jenner, vice president-Rochester Div,

John W. Carrow, III, a vice president,
Haveg Industries, Inc., Wilmington, Del.

Honors and Elections

Dr. Joseph C. Patrick, one of the found-
ers of Thiokol Chemical Corp. and now a
consultant to the company, will receive the
1958 Charles Goodyear Medal, the highest
honor in rubber chemistry, at the national
meeting of the American Chemical Society
i September.

Capt. David R. Hull (USN, rct.), a vice
president of Raytheon Manufactunng Co.,
has been elected president of the Elec-
tronic Industries Assn., Washington, D. C.
Mr, Hull succeeds Dr. W. R. G. Baker,

INDUSTRY OBSERVER

» Army reportedly will try to launch carth satellites wi thout rocket boosters,
using underground explosion forees, possibly from a nuclear bomb, to drive
protectively encased satellite up a shaft in the carth which serves as a
guidance “gun barrel.” Program may be related to similar :"n::rh':mm.:d Research
Projects Agency project designated “bomb-powered rocket.” Army 1s asking
that future satellite avionic equipment withstand 15,000Gs for 8 milli-
seconds, the same as its shock requirements for electronic prosimity fuzes
used in feld projectiles,

» Life science studies are being pushed in Air Rescarch and Development
Command’s bio-satellite project, designated Man-in-Space-Soonest, even
though the program has not yet been funded, indicating ARDC's intention
to meet projected schedules.

» Russian hypersonic glider project similar to USAF's Dyna-Soar program
already has entered the development stage. Effort is based upon the carly
work of German expert Eugen Saenger which has been expanded by Sovict
scientists,

> Raytheon's Sparrow I11 radar-homing guided missile developed for Navy's
Bureaun of Aeronautics has a pointed ceramic radome measuring about 22 in.
in length and about 8 in. in diameter at the base. Companies supplying
ceramics for various missile nose cone applications include Gladding, McBean
& Co, and Coming Glass Works.

® Air Force has requested $11 million for initiation of research and develop-
ment on a dispersed site fighter for theater tactical operations in the Fiscal
1959 budget. It previously had $2.2 million for this fighter in the Fiscal
1958 budget.

s .41'""."' ; ¥ . g Thw r o ¥ i I_I i

former vice president of General Electnc.
1I...|: Ll ¥
: pDEsiIGNED ANDBUILTEY HE HFR @ 4 W Changes » Initial development on a single pump and a single gas generator for the
2 < ) . i Atlas ICBM engines has been completed. Atlas now uses a booster with two
s MUCLEAR PRoDuUcTs - ErRco, pivision oF (ACE inousTRIES, INC., RIVERDALE, MARYLAND Alfred B. Bowman, manager of fight- evlinders and one sustainer engine, and each has its own propellant pump
Fgn AMERICAM CAR AND FOUNDRY Fastern regon, Amencan Aarhnes, Ine, e y Ay
= z a3 A i 5 and own gencralor.

r . i n L ' "y Vo] " .
AV EON W. 8. Bobier, chief congineer, Detroit

o ' CARTER CARBURETOR activity-Aero Hydrauhics Division, Vickers, s : : o i o e T oo
= 1' SHIPPERS CAR LINE hic: Detoit, Mich. » . S. officials were aware in February that the Soviets intended to place a
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satellite weighing more than 2,500 1b. (Sputnik 1II) into orbit in Mav.

- Wilson M. Alford, chief mspector, Ham-
s ilton Standard, division of United Aircraft N e ] ; o g
; Corp., Windsor Locks, Conn., Mr. Alford ® First Jupiter intermediate range ballistic missile squadron to be used by
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succceds Wilfred H. Shaw, now assistant
West Coast representative (Los Angeles)
for Hamilton Standard acronautical equip-
ment, Unrted Aircraft Service Corp.,

Eugene J. Vigneron, manager-Needham,
Mass., operations, Sylvania Electromic Sys-
tems, Sylvania  Electric  Products, Inc.,
Waltham, Mass.

Hngtr A. Merritt, manager, Cox [nstru-
ments Division, George L. Nankervis Co.,
Detront, Mich.

L. R. Swift, special assistant to the
manager-production and procurement, Aero-
nautical Division, Minneapolis-Honeyvwell
Regulator Co., Minneapolis, Minn,  Ed
Lund succeeds Mr. Swift as director of
production.

Dr. Joseph M. Denney has joined the
nuclear electronics department of THughes
Aircraft Co., Culver City, Calif.

.. C. Wolcott, dircctor of sales and en-
gingering, Packard Electne Division, Gen-
eral Motors Corp., Warren, Ohio.

Jerome 1. Dawvis, general manager, Aircraft
Equipment Division, Consolidated Diesel
Electric Corp., Stamford, Conn.

Edward J. Forisch, engincering assistant
to the president, Aerol Associates, division
of Cleveland Pneumatic Industries, Inc.,
Cleveland, Ohio,

Robert P. Thompson, assistant chief en-
gincer, Airaterra, Glendale, Calif.
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USAF will precisely follow Army’s plan, but subsequent units will have more
launchers and reaction time will be reduced. Air Force did not make any
changes in the first unit because it would have delaved introduction of the
weapon,

> Cost of an IRBM squadron plus a base built from seratch will cost Air
Force an estimated $70 million. Once a base is established, cost of an addi-
tional squadron plus its necessarv installation and equipment will be an
estimated 543 million.

» Approximately half of the first 603 B-52s ordered by Air Force have been
delivered to operational units, Initial quantities of the model-improved
B-52G will reach the inventory late this vear.

» Russia has built a dual-control trainer version of its two-place ka-15
coaxial helicopter. Designation 15 UKa-15.

> Ultimate flvaway cost of Convair's intercontinental ballistic missile is
expected to be S1.6 million. Unit cost of the Thor IRBM in production is
expected to be 5735,000.

P Navy is proposing a followup to the Vanguard satellhite program corporat-
ing Armv’s Jupiter topped by the upper two stages of Vanguard. Pavload
weight probably would include vehicles of 50 1b. to 300 1h.

» General Electric is working with its subcontractors towards adaptation of
its J85 small turbojet for flights of up to Mach 4.
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THE ARMY'’S H=-23D RAVEN:
INVESTMENT IN TOMORROW

Over 20 maojor improvements distinguish the H-23D as one of today’s
most advanced helicopters. But several features in particular verify
its unmatched growth pofential, which is a prime requisite for the
evaluation of any helicopter investment.

Basic Ruggedness: The H-23D has the highest flight and landing load
safety factors of any two or three place helicopter flying today.

Component Life: The H-23D's 250 horsepower is available full-time,
without restrictions warning of jeopardized service life. In fact, all exist-
ing components are designed fo accept considerably greater horse-
power and to attain an overhaul period beginning at 1000 hours.

Functional Versatility: More power...more cabin spoce... further
qualify the H-23D as a multi-mission helicopter, backing up a basic
Army concept: more utility from fewer units.

The H-23D is now prepared to receive a new 305 horsepower
engine, without further major medification. The resulting
UH-12E (prototype now flying) has already demonstrated
a performance which will capture new missions beyond those
previously conceived for this helicopter class.

HILLER HELICOPTERS

PALO ALTO, CALIFORNIA

Reorganization Fight

President Eisenhower has reversed his position and
decided to Aght it out with the House Armed Services
Committee headed by Rep. Carl Vinson (D.-Ga.) over
the proposed reorganization of the Defense Department.
The measure is slated for House action.

A few weeks ago, the President commended the com-
promise legislation unanimously approved by the House
group, 32 to 0, raising only two objections to it in mild
language (AW May 26, p. 25).

But as the hour for floor action approached, the Presi-
dent issued a strong blast against provisions ol the meas-
ure at variance with his own plan which, he declared,
would “continue to emphasize disunity and separatism
with the Defense Department. They continue to imply
Congressional approval of wasteful duplications, adminis-
trative delavs and inter-service rivalnes.” The provisions
would:
® Require the Secretary of Defense to administer the
department through the three service secretaries. This,
the President declared, “puts a premium on mtransige-
ance by lower Pentagon levels.” He said it would give
“the color of legalitv” to “frictions, delays, duplica-
bons. . ..

* Require congressional review of any change or abolition
i “major” combatant functions. Tlus, the President pro-
tested, “allows one military man to hold up defense
maprovements for many months and perhaps block them
altogether.”

e Authorize the service secretaries and chiefs of staft to
present their individual views to Congress after first in-
forming the Secretarv of Defense. The President chal-
lenged that this “invites imsubordination to the President
and Secretarv of Defense, endorses the idea of disunity
and blocking of defense modernizations, suggests that
Congress ‘hopes’ for  disobedience and  inter-service
rivalries,”

House Republican leader Joseph Martin (R.-Mass.)
and Rep. Clarence Cannon (D.-Mo.), chainman of House
Appropriations Committee, are backing the President.

Soviet ‘Fishing’

Half-dozen Soviet “Ashing ships” riding at anchor in
mternational fshing waters 100 mles off Nova Scotia
are suspected of reconnoitering new air defense and anti-
missile radars undergoimg test i vicity of Boston, less
than 500 miles awav, Fact that number of ships seldom
varies and that a departing ship 15 alwavs replaced sog-
aests that Soviet ships are seeking to learn characteristics
of new radars for possible electronic countermeasures.

No Fixed Profits

Defense Department has assured House Appropriations
Committee it will have a uniform set of cost principles
to apply to military contracts by the end of the vear.
On profits, the Defense Department is firmly resisting
some congressional pressure for a hxed proft limitation.
Perkins McGuire, Assistant Secretarv of Defense for
Supply and Logistics, explained to the committee:

“We feel that policy gmdance in the ficld of profit
allowance must be stated in rather general terms since the
lactors affecting a reasonable rate of profit vary in each
contract. Within the aircraft industry, for instance, there
are wide variations in the factors which determine a rea-

—— Washington Roundup

sonable rate of proht such as in the extent of government
assistance, in the risks assumed by these contractors and
in the cfhciency with which contracts are performed.
Accordingly, we do not feel that it would be appropriate
to establish any specific proft range applicable to this or
other industries. . . . The Congress has recognized in the
Renegotiation Act the factors which determine a reason-
able rate of profit. . ", "

Communications Compromise?

Compromise which might enable airlines to operate
Doppler navigators at 5,800 mc. for the life of the equip-
ment or some other reasonable period, providing they are
willing to rsk interference from military radars, may
come out of an impromptu discussion by airlines, Defense
Department and Federal Communications Commission
representatives at last week’s Armed Forces Communica-
tions and Electronies Assn. convention. Interested partics
to the frequency allocation conflict, which threatens to
block early airline use of Doppler radar (AW May 26,
p. 33), may hold formal meeting soon to attempt to
work out details.

Navarho Halted

Air Force has halted development of Navarho long-
range navigation svstem and will use self-contained air-
borme Doppler and/or inertial systems for its combat air-
craft. Air Force plans no further long-range ground-hased
navigation svstem developments for tactical use, Lt. Col.
D). ]. Freund told the Armed Forces Communications
and Electronies Assn, convention. Freund, deputy chief,
Nav-Aids Branch, USAF headquarters, flatly denied re-
ports that Doppler auto-navigators might replace Tacan
for short-range navigation, saving that Tacan would
remain USAF’s primary short-range system for at least
the next decade.

Durfee Warning

Civil Aeronautics Board Chairman James Durfee last
week warned against the abandonment of existing air
safety machinery in favor of “a shiny new agency that
will somchow, magically, produce safety in the air.”
However, Durfee apparently was not voicing opposition
to the proposed Federal Aviation Agency (see page 26).
e was urging that air trafhic progress attained thus far
not be dropped because of high hopes for a complete
panacea that will solve problems overnight.

Missed Opportunity

Nearly 400 members of the House missed an oppor-
tunity last week to participate in an event that ma
cventually change the nation's way of life. Less than 40
representatives were on hand when the House voted to
create the National Aeronautics and Space Administra-
tion to lead the U.S, in the exploration of outer space.
Although little fanfare was attached to the passage,
Rep. Kenneth Keating (R-N.Y.), a member of the
House Space Committee. said: “Taking the long view,
I am convinced that this bill mav well be the most
significant legislation to come out of the current Con-
gress—or, ndeed, to come from many Congresses. It
has the word ‘historv’ stamped all over it.”

—Washington staff
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PRATT & WHITNEY ]J58 Mach 3 turbojet is at least one and a half fect larger in diameter than Pratt & Whitney's J57 engine,

J58 Reflects Navy Development Changes

By ]. S. Butz, Jr.
West Palm  Beach, Fla.—Changing

Navy philosophy of jet engme develop-
ment 15 being reflected in Pratt &
Whitney’s J58 Mach 3 turbojet now
runming on the test stand.

New philosophy calls for a sharp
increase i the number of ruming
hours logged before an engime com-
pletes its 150 hour test and 15 accepted
for production.

The move reflects Navy expenence
showing that the ultimate cost and op-
crational success of an engine in fleet
use 15 almost a direct function of the
amount of testing performed durning
the development period.

In the past as few as @ght expen-

mental engines have been  authonzed
for a complete development program,
keeping test hours low and often re-
sulting 1n long delavs for repairs and
rebuilding.  Under the new  pohey,
Pratt & Whitney will build approxi-
mately 30 test J38s in the experimental
shop of its new Florida facihity, which,
to be completelv accurate, should be
termed a small factory, This shop, part
of a 530 million Pratt & Whitnev in-
vestment, contains 528 million worth of
the largest and most modern machine
tools supplied by the Nave.

Florida Test Facilities

Testing facilitics at the Florida site
now consist of four open air jet engine
test cells located a few miles from the

OFFICES, engineering section are in near side of building; experimental shop on far side.
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engineering ofhices and shop so  that
thev do not require soundproohng.
[nstrumentation of these cells and
other test arcas has been started with
1 S10 million authorization from the
Air Foree.

Altitude testing of the J58 will be
conducted at Pratt & Whitnev's Will-
TO0S |.-.=||:H|E.'thlr}' at Fast Hartford,
Conn,, and in government facilities.

The )58 gives the U.S5. a backup
program and two turbojets in the Mach
3 class. The other engine 15 General
Illectric’s J93 which alreadv has been
designated as the powerplant for two
Mach 3-plus North Amencan aircraft
for the Air Force—the six-engine B-70
bomber and the twin-engine F-105
]-mu; rnge 1:1’rLrLLpt:]r

""~.n} h;h not vet contracted for a
Mach 3 airframe to be mated with the
J55. Recent statements by Navy ofh-
cials indicate that thev beheve that the
engine development time will be much
longer than that for the airframe,
Thercfore, an appropriate airframe and
its exact mission would be determined
after the powcrplant’s capabilities be-
come much more dehmte.

Apparent reason for Lhis approach
is the serious difficulty the naval air-
craft program suffered several vears ago
‘I.‘.]'ILI'.I the J40 engine faled to meet
its original HI]LCIEE-:IHI'II'IH A major por-
tion of the Navy's new aircraft designs
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CURTAIN at the rear of the J58 (right) conceals the afterburner. Pratt & Whitney will build 30 test J58s in Florida.

at the time had been predicated on
these specifications.

Boron fuels are being used expen-
mentally with both the J58 and ]95.
Proper use of the chemical fuel and

its ultimate availability and attractive-

ness as to cost are apparently still some-
what uncertain.

To achieve the most efhcient air-
frame design for a given nussion, how-
ever, the decision to burn either chemi-
cal or petrolecum fuel or some defimite
combination of the two must be made
at the verv beginming of the design.

The Pratt & Whitney fanhrjl in
Florida is located on a 10 mile square
tract which i1s over 10 miles from any
populated area and about 15 miles from
Palm Beach. Seclection of this site on
the edge of the Everglades for new en-
gine development work was based on
many factors bat the primary considera-
tions included obtaining maximum
solation with close proximity to a de-
sirable living area to attract personnel.

Isolation Required

[solation was required to maimtain
good community relations while devel-
oping very large and very noisy rocket
engines and other high speed power-
:Lmt*-. that Pratt & Whitney has long
hu:n rumored to be working on. Con-
firmation of a portion of this program
came at the dedication of the facility
when Lt. Gen, Clarence S, Irvine,
USALF, deputy chief of staff of materiel,
indicated that Pratt & Whitney's ac-
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tivity  included work with hydrogen
fuel (AW June 2, p. 23).

[mitial investment of $30 million in
company money in the Flonda plant
follows a well-established United Air-
craft policy of acquiring its own experi-
mental facihties to speed development
work without having to relv on outside
laboratories. During the past 10 vears,
the corporation has spent more than
$200 milhon m construction of new
facilitics.

H. M. Horner, chairman of United,
announced at the dedication of the
Florida plant that the board of -
rectors had voted to spend another 530
million within 15 months, the major
portion at the Florida facility.

In speaking at the dedication, both
Gen. Irvine and Rear Adm. R. E.
Dixon, chief of Navy's Bureau of Acro-
nautics, called for more mvestment of
this tyvpe bv industrv as the best
method of J:1'I:=LI1'I1I§ its future,

ar
_

iy

- SN

'DPEH-AI’E jet cngmc h:-:t beds are located four miles from offices and Expr:nnmnhﬁ shops.
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Mahon, Symington Hit New

By Katherine Johnsen

Washington—Two top Capitol Hill
5 J‘[]‘L[‘"‘r]“fll on military matters attacked
rh::- backshde 1nto -:nmpl.l.f.mm toward
the defense program since last October’s
lrunching of Sputnik I im major
speeches last week in the House and
senate:

* Rep. George Mahon (D.-Tex.), chair-
man of the House Appropriations Sub-
committee on the Armed Scrvices, said
that "as a net proposition applied to
defense  effort, we will perhaps be
spending less i Fiscal 1959 than in
I'iscal 1958.”

e Sen. Stuart Syvmington (D.-Mo.)
charged that at the time of Sputnik |
“our defense strength was greater vis-a-
vis the Communists than it is todav.”
[le protested that virtually nothing has
been done to implement anv of the
recommendations of the Senate Pre-
paredness Subcommittee last January to
strengthen the U.S. military  position
(AW Feb. 3, p. 33),

At the time, the recommendations
were unanimously endorsed by Repub-
lican and Democratic members {Jf the
subcommittee headed by Sen. Lyndon
Johmson (D.-Tex.).

Svmington blamed the President and
the Administration: "“Through a policy
of inaction, this Administration is hand-
ing military  superiority over to the
Communists; and the recent technol-
ogical and diplomatic defeats of this
policy, only serve to cmphasize the
srowing peril,”

"'h[llmn made the blame general:

“Now the hvsteria is gone, the anger
lias cooled and the determination has
been blunted. . . . Our emotions and
resolves have run the whole gamut from
the peak of awareness and urgency to
the humdram plane of complacency.
We have slowed down our wornes
about survival and substituted the re-
cession . . . as a focal point of interest.
We are thinking more about how to
keep up with the Joneses than how to
keep up with the Russians in space
technology and the cold war. We are
wondering why . . . the people will not
buv those big, ‘beautiful, uncomfortable,
cxpensive-to-operate  automobhiles Hmt
ltave been manufactured for them,”

Although the $38.3 billion in new
monev carried in the Fiscal 1959 de-
tense bill (AW June 2, p. 22) approved
bv the House last weck is 5+.5 hillion
more than provided i Tiscal 1955,
Mahon pointed out that expenditures
will be increased by onlv 51.2 hillion.
"¢ explained the reasons behind the
welatively-small increase this way:
¢ Over $700 million will be absorbed
i recentlv-enacted pav rases.
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® 5200 million is for increased con-
struction, leaving a net expenditures
increase of $300 million for other de-
fense activities,

“Experience shows that cost 1n-
creases from inflation have accounted
for about a 3% increase in defense
spending cach vear,” Mahon said, ““This
means, of course, that as a net proposi-
tion applied to defense effort, we will
perhaps be spending less in Miscal 1959
than in 1958."

Mahon said that the 538.3 billion
Iiscal 1959 defense budget “does not
icpresent a wild spending splurge for
the unattainable. It is not an overly
ambitious approach to our defense
problems, vet it is not a timid
approach.”

He hsted these highlights:
¢ 596 million for the North American
B-70 bomber scheduled to succeed the
Boeing B-52,
® 5950 million for the intercontinental
ballistic missile program—Atlas, Titan
and Minuteman,

e S758 million for the Convair B-58
bomber scheduled as the follow on to
the Boeing B-47.

e 51.3 h:lI]t}n for Navyv's Polaris fleet
lallistic  nussile pmgmm. Combined
with the previous program, this will
provide funds for a total of nine Polaris
submarines.

e 52,7 hillion for research and develop-
ment—An mcerease of S877 million over
Iiscal 1958.

® 5152 million for reconmaissance satel-
lites.

® 5138 million for projects to put man
1M space.

e 572 million for lunar probes.

e 540 million for the nuclear-powered
arrcraft program. Mahon said, *“We will
probably be beaten to the draw in this
ficld hecause our government has elected
lo undertake to build a *.nphiﬁtit ated
and  militarily  significant  atomic  air-
plane rather than tryv to rush ahead with
putting an atomic airplane 1n the air
which would be of ]ittln: commercial and
military importance.”

Mahon defended the Appropriations
Committee's action in climinating 535
million for long-lead items for a second
nuclear-powered aircraft carner:

These are the recommendations of
Senate Preparedness Subcommittee of
last Januarv with Svmington’s com-
ments on the progress that has been
made to achieve them:

e Modemize and strengthen  SAC.
“There has been no acecleration what-
ever of aircraft production programs,”
Svmington declared. “A few more long-
range jet bombers and tankers were
ccheduled . . . less than one additional
SAC wing—and that wing 15 not

Complaceney

planned to be operational for three
vears.”
® Accelerate the dispersal of SAC bascs.
“Solelv in order to save money, SAC
aircraft, defense missile facilibes and
other important militarv equipment are
m some cases now actoally beng con-
centrated into more confined areas.”
e [ncreased effort in development of an
anti-missile missile system. “The or-
ganization to handle this problem is
now worked out and current division of
functions between  the  services can
onlv cause increased waste and delay.
"H’erng and communications rest
largely in the Air Force, but the launch-
ing function remains in the Army, Both
services receive constantly fAuctuating
inancial assistance in their effort to
carrv out this vital mission—and that
would appear to be one of the chief
reasons why the entire program is char-
acterized by rlnt:rgt!‘nflhml and little
sense of urgency.
e lmprove early warning system. Con-
struction of the distant early uarnmg
line against manncd bombers “is pro-
ceeding slowlv,” Svmington told the
Senate, “due largely to arbitrarily es-
tablished cxpenditure ccilings.
e Provide adequate airhft for ground
troops. In a limited war, Svmington
said, “apparently we must hope for
some miracle to be able to transport
troops where needed.”
® Accelerate the production schedules
of Atlas, Thor, Jupiter and accelerate
development of Titan. "“"There has been
no acceleration of the Atlas, Thor or
Jupiter programs,” Svmington pro-
tested. “'Lack of a sense of urgency
continues to dominate the long-range
missile program.’
® Reduce lead-time in weapons devel-
epment by reducing the decision time
and ~:|111]ﬂ1f1.1ng procurement prumd
ures, This, ‘ﬂlmngtml complained, is
still “under study”™ by the Department
of Defense.
e Accelerate research and development
programs by long-term funding and 1m-
proved administration.  Although cen-
tralized control throngh the Advanced
Projects Research Agency “should give
T}t:’th,r dircction,” Smlmgrnn said, “the
continuation of cxpenditure ceilings,
plus the small appropriation rf:qucnts
for rescarch and development do not
leave anv impression that this vitally
1mpurhmt part of our national {Icfum
program is actually being accelerated.”
e Increased effort m development of
manned missiles.  “There has  been
pru::grw. with the manv-thousand-miles-
an-hour X-15, and progress also in medi-
ical research for space flight,” Syvming-
ton said, “but over-all action is also
handicapped by insufficient funds.”
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CHANCE VOUGHT FB8U-3, Mach 2, all-weather interceptor is shown without its rocket engine. Primary powerplant is the Pratt & Whit-
ney J75 turbojet of about 17,500 Ib. thrust. Chin engine air inlet is modified Ferri supersonic type. Two ventral fins are folded to clear
the ground. Retouched area under wing root probably is location of the missile armament.

F8U-3 Mach 2 Fighter Makes First Flight

Edwards AFB, Calif.—Chance Vought
Aircraft’s I'SU-3 Crusader 111, entrant
in Navy's Mach 2, all-weather hghter
competition with McDonnell's F4H
made its hrst fight last week. (See p.
43 for F4H :lu:l':lils}

Crusader IIT 1s shightly Lu'gn:r than
its predecessors, the F8U-1 and -2, but
the wing and fuselage were g-:,ncmﬁ}*
scaled “l]’ and the planform and lavout
are nearlv unchanged on the new aur-
craft. Major alterations required in in-
creasing the Crusader’s speed nearly one
full Mach number were the incorpor-
ation of a modihed Fermn tvpe super-
sonic inlet with a swept forward lip,
the addition of two large ventral fins,
use of a sharper fuselage nose and a
more submerged canopy.

F8U-3 is powered by a Pratt &
Whitnev J75 engine c]mr:'ln]::mg about
17,500 1b. thrust without afterburner
and around 26,000 1b, with afterburner.
Aircraft also is designed around use of
a small rocket engine of several thou-
sand pounds thrust.

This rocket engine seems to be the
kev to the Navy's eventual choice be-
tween the F4H and the FSU-3 for
volume production and operational
flect use. The fact that hoth aircraft
are still in the competition would seem
to indicate that the primarv difference
hetween  them is  the powerplant
arrangement, that neither fighter has
had more than its share of stability
or drag troubles and that thev both
have about the same percentage of
total weight devoted to structure.

Rocket power would give the Cru-
sader II1 a much greater ceiling than
the F'4H, and, to be of value, this alti-
tude would have to be maintained for
several minutes, probably at least hve
as usually specified for modern combat,
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The penalty for this altitude capabihity
15 the great amount of fuel consumed
during combat by the rocket engine 1n
comparison with the F4H's turbojets
with afterburner.

Advantages of the rocket installa-
tion would be greater rate of climb
and a more rapid acceleration from
cruise to combat speed. According to
the Navy announcements conceming
the frst Aights of the I'4H and the
['8U-3, thev both are capable of more
than Mach 2 2, and it is possible that at
relatively low altitudes both aircraft are
limited by skin temperatures,

Two ventral fins on the F8U-3 and
the unusual anhedral arrangement of
the F4H wing tips would seem to indi-
cate that stability problems above
Mach 2 are severe.

Crusader employs the two-position

wing of the carlier FSU aircraft plus a
Lboundary laver control svstem that
blows air over the flaps for better lift-
ing and control qualities during land-

g. Ventral fins are raised at the same
tlmc the flaps are lowered so that the
tail will clear the ground during land-
ing. Double screw jacks are used to
raise the wing.

A primary feature of the F8U-3, al-
though it was not used during the first
flight, is the automatic nature of a
large portion of its flight controls. These
are simple push buttons which actuate
cquipment necessary to hold a Mach
number for best climb, best range or
greatest endurance and other tvpes of
fight which vary with weight, outside
temperature and other vanables. This
system 15 presumably part of the Navy's
new integrated flight instrument dis-
play and control ideas.

Armament of the FSU-3 will be all-
missile, either Sparrow 111 or the Side-
winder or a combination of the two, It

can be adapted to carrv nuclear and
other special weapons, electronic in-

telligence and countermeasures gear
and photo reconnaissance equipment.

-l

VENTRAL FINS OF THE FBU-3 are shown in lowered position for high speed flight
this Chance Vought drawing, Wingplan form and general amangement of the FSU-3 are
similar to earher Crosaders, but the new aircraft is larger and heavier.
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New Micro-Module Program
Outlined by Army and RCA

By Philip ]. Klass

Washington—Armv's  new  Micro-
Module program, which could have
major impact on both clectronic com-
ponent and cquipment manufacturers,
was officially unvelled here last week
before some 600 industry representa-
tives by the Signal L{erh and Radio
Corp. of America. RCA is serving as
the project’s “leader contractor.”

Arr Foree and Navy are now consid-
cring an Army request that thev parbici-
pate and support the new Micro-
Module program. Armv officials predict
that joint service support will be forth-
coming.

Size Reduction

New  Micro-Module construction
techmique for fabricating  individual
components and  joming  them into
functional circuits holds promise of 10-
fold reduction in size, weight of mili-
t:trj.' clectronic equipment. (AW June

p- 63). Army and RCA ofhcials also
ihruzh-l:t a comparable gain in reliability
and maintainabilitv. Defective Micro-
Modules will be discarded in the feld,
with no attempt at repair.

Micro-Module consists of a suitably
mterconnected stack of 0.3 in. sq.
ceramic wafers called “elements” on
which one or more components have
been  fabricated.  Individual  ceramic
wifers, as well as the complete module,
bears some resemblance to earlier Navy
Project Tinkertov units but are con-
siderablv smaller i area.

Micro-Module design is based upon
l1‘-Ll1g transistors and other semicon-
ductor active elements, rather than
tubes, throughout, This  will  Tunit
Micro-Modules, at least inttially, to low-
power level applications such as com-
munications, computers, mstrumenta-
tion and control.

Greatest unpact at hrst will be felt
by electronie component manufacturers
who are being asked to abandon long-
used form factors to design components
tn fit standard 0.3 in, sq. dimension of
Micro-Module elements.

['or many passive components such
as resistors, cerkun sizes of capacitors
and transistors there appear to be no
major obstacles. Other tvpes of com-
ponents—inductors, potentiometers, re-
lavs, cte.—will be more difficult. RCA
plans to eliminate relavs wherever pos-
sible, use transistors instead for switch-
INg purposes.

Although existing component tech-
niques will be used imtially to speed
th{ program, an RCA official acknowl-

iged that the ultimate goal is to use
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rachcally  different tvpes of semicon-
ductor devices which can perform com-
plete circuit functions (AW June 2, p.
4).

RCA will subcontract maost of the
component development work to es-
toblished firms with required compe-
tence. Companies wishing to be con-
sidered were advised to wnte to G, W,
Frv, manager, Purchased Eguipment,
RCA Defense  FElectronic  Products,
Camden, N, J.

Program also will reguire the de-
velopment of a new line of batteries that
are dimensionallv compatible with new
Micro-Modules. Batteries are to have
1'II:J'1Hj:I'|.':| voltage of 15 v, with taps for
14. 3. 6, 9. and 12 v.

lmh.ﬂ design goal 15 for components
capable of npf:nhng in ambient temper-
atures ranging between —55C and 55C,
with subsequent plans to mise upper

limit to 125C, eventuallvy to 200C.

RCA Plans

During the next two vears, RCA ex-
pects to develop a limited family of
Micro-Madule component elements to
cnable the company to fabricate experi-
mental units capable of performing RF,
Il and audio amplifier functions plus
certain basic computer circuits. By 1962,
RCA expects to deliver complete proto-
tvpe equipments constructed Jimmr en-
tirely from the new Micro-Modules.

Other equipment manufacturers will
be able to buy components in new

form factors from suppliers, much as
they now purchase conventional com-
ponents, and combine them into their
own circuit configuration, according to
present plans,

An ofhcial of Sprague Electric, major
component manufacturer, said that his
company can now produce some of the
component  clements  required  for
Micro-Modules as a result of previous
company research along similar lines.

While expressing confidence that the
required components could be devel-
oped by industry, he cautioned that
component manufacturers are “being
asked to invent all components over
again in only four vears and come up
with far smaller, far more reliable de-
vices than thev have been able to de-
velop during the past 30 vears.”

Inadequate Funds

The Sprague official warned that the
55 million which Armv has set aside
for the Micro-Module program “is far
too httle for a program of this magni-
tude.” He also cautioned that experi-
ence indicates that reduction in com-
ponent siee usually mereases 1ts cost and
cupressed doubts about the manufactur-
mg economics claimed.

Relatively few comments from other
mdustry representatives  present  sug-
gested a “wait and see” attitude. One
industry observer privately  speculated
that the Micro-Module program might
be a tar bigger undertaking than now
envisioned by the Armv and RCA and
that, unless the program quickly re-
ceives all-out jomnt service support and
10 to 20 times more funding to greatly
accelerate the effort, it mav not arrive
in time to achieve wrdﬂiprénd use.

How F-102 Mounts Falcon

Mounting of two different types of Hughes Falcon missiles is shown on a Convair F-102A,
GAR-1 radar guided model is monnted at the forward stations and the infrared-gnided
GAR-Z is mounted aft. F-102ZA is shown carrving six Falcons. Apertures in doors show
some of the tubes for mounting twenty-four 2.75 in. air-to-air rockets.
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German Air Industry Promised

8250 Million Licensed Production

Bonn—Defense Minister Franz Josct
Strauss has promised the German air-
craft industry military contracts for at
least $250 million and probably double
that sum between now and 1964.

He said that a minimum of 100
light strike fighters and a minimum of
200 interceptors would be built under
license in West Germanv. He esh-
mated the cost of each light strike
fighter at about $600,000 and the cost
of each high-performance supersonic
nterceptor at $833,000 to 5957,000.
Neither price includes the cost of
Spares.

Strauss declared that the cost of
guided missiles between now and 1964
would “at least equal” the quarter
of a billion dollars, cost of the two
categories of planes, but that discus-
sions with industry would be necessary
to determine when, how and to what
extent German companies would par-
ticipate in missile construction.

The light strike order 15 expected to
go to a northern consortinm consisting
of Weser I'lug A.G., Hamburger Flug-
zeugbau and Sicbel ATG,  The inter-
ceptor order to the southern group of
I"lugzeng Union Sued consisting  of
Messerschmitt, lleinkel, Boclkow and
Junkers. Boelkow 1s the only company
presently engaged in snided weapons
activity,  Strauss said  the airframes
would definmitely be buwilt 1 Germany
and 1if possible the powerplants as well.

Speaking at a convention of the Ger-
man Aircraft Industry Assn., and later
to reporters, Strauss said 50 complete
Ifiat G.91s would be purchased from
[taly as the basic lightstrike aircraft

(AW June 2, p. 57). He indicated that
thl.: model to be built under license
would be an advanced version of the
G.I9l.

He said that a formal decision on the
interceptor would be announced within
the next four weeks. Re-testing of the
Mirage 3-A has now been completed
and the choice lies between the French
plane and Lockheed’s F-104 Starfighter.
Strauss said only 50 to 100 u}mp]f_ts,
planes would be purchased. The cx-
pected number 15 about 75. Since the
decision, once taken within the defense
mimstry, will be referred to the defense
committee of the Bundestag  (lower
house of Parlinment), the choice will
liave to be made within Strauss’ new
deadline if it 15 to reach the deputics
before thev adjourn for the summer.

In his address, Strauss explained that
the light strike aghter would 1l a
double role of troop ground support
and army reconnaissance. He said that
the interceptor would also be config-
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ured for two additional roles as a
highter bomber and air force photo-re-
connaissance. He said that with the
soaring cost of aircraft, 1t was necessary
to reduce the five missions to two basic
tvpes, cach of which would have the
same  fuselage and powerplant in its
various configuration,

Strauss added that in his contract
estimates to industry he did not include
orders for transports and helicopters.
The lghtstrike hghter 15 due for -
corporation in the Luftwaffe in 1960,
the interceptor in 1960-61.

With regard to nussiles, Strauss out-
lined fAve families for West German
armed forces by 1964:

e Anti-tank.

e One or two types for close support
bombardment with the range of the
Honest John.

® Ground-to-air incorporating elements
of the Nike, Hawk and Bloodhound.

e Tactical bombardment with a 600-
mi. range or slightly better.

e Air-to-air.

Strauss said that at least three of
these would be produced in conjunc-
tion with other members of the West-
¢rn Furopean umon  which includes
I'rance, Italy, Great Brtain and the
Benelux countries. He said the cost of
research, development and production
is so high that West Germany could

X-15 Instruments

Washington—Novel inertial fight in-
struments developed by Sperry Gyroscope
Co. will be used by pilot of Air Foree's
X-15 hypersanic rescarch vehicle for nawvi-
gation and determination of sake trajec
tory for re-entering denser atmosphere
from altitudes bevond 100 miles.

North  American-designed X-15  will
carry Sperry-developed flight instruments
which display vehicle attitude, velocity,
verbical rate and altitude, all obtained
from inertial sensors. Conventional pres-
sure operated altimeter and airspeed in- I
dicator are not usable at such altitudes
becianse of near-vacoum conditions, Sys-
tem also gives pilot continnons indication
of his position and deviation from pre-
scribed course,

Heart of the new system is a small
three-gyro  stabilized platform, three
force-feedback type integrating acceler-
ometers and a small computer. System
| has been designed to withstand accelera-
tions above 10-Gs. Sperry system is be-
ing turned over this summer to National |
Advisory Committee for Aeronautics for
preliminary flight tests in an F-101 flying
test bed,

. SR.53 Crashes

Saunders Roe SR.53 rocket-turbojet
powered fighter exploded on takeoff and
crashed last week at Boscombe Down,
England. 5Sqd. Ldr. John Booth, Saun-
ders Roe chief test pilot, was killed. The

aircraft was powered by a de Havilland
Spectre rocket engine using kerosene and
high test peroxide as propellant and an
Armstrong Siddeley Viper turbojet.

not do the job alone or even in co-
operation with just the Umted States.
Discussions on this subject have already
been initiated within  the French-
[talian-German arms pool which was
formed at the beginning of this vear.

Strauss said that for the period 1961-
63, two thirds to three quarters of Ger-
many's air force would consist  of
manned planes.

Little Military Value
Predicted for Space

Touting of space research as a de-
fense project by respected  techmical
leaders fearing lack of public support
for a program based on purely scien-
tific motives was criticized by Dr. Al-
bert Hibbs of California Institute of
Technology’s Jet Propulsion Laboratory
in a speech to a session of the Los
Angeles Air Procurement District.

Hibbs said militarv applications of
the space rescarch product are uncer-
taim and probably limted. He pre-
dicted that when this truth comes to
light, public disillusionment will en-
danger realistic and useful rescarch.

Hibbs said that the ll recently
passed by the House creating a civilian
space agencey offers the competent civil-
ian scientific direchon which he feels
the space program needs. However, the
future of the program can stll be
jcopardized 1f the U.5. taxpaver is
scared into putting more and more
moneyv in illogical and unnecessary mili-
tary ventures, he added.

VTOL Rotodyne

Makes Transitions

White Waltham, England—Fairev
Rotodvne VTOL transport demon-
strated transitions last week from heb-
copter and autogvro regimes without
loss of altitude and little change of al-
titude.

Noise level was high but not objec-
tionable in the helicopter regime, us-
g rotor tip jets for propulsion. Noise
suppressors will be htted to the jets
soon to reduce the noise further, how-
ever. In fight, the noise level of the two
Napier Eland turboprop engines is less
than that of a Vickers Viscount.
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Space Technology

Civil Space Agency Bill Passes House

By Ford Eastman

Washington—Legislation to create a
powerful national space agencv under
civilian control breezed thruuﬂh the
House last week and went to the Senate
without a dissenting vote.

The measure mtroduced by Rep.
John W. McCormack (D.-Mass.) would
establish a Natiemal Aeronauntics and
Space  Admimmstration  with  the Na-
tional Advisory - Committee for Aero-
nautics as its nuclens. It follows the
hasic recommendations made by the
President in @ message to Congress last
Apnl,

The Senate’s Special Committee on
Space and Astronautics, meanwhile,
]:nun]ncf for earlv action on its own ver-
sion of a national space agenev, The
committee staff has completed a pro-
posed draft of a hill, which reportedly
follows the main  principles recom-
mended by the Admimistration.  How-
ever, it 15 expected that a number of
changes will be made in the language
of the bill to strengthen or clanfy the
act as was done bv the House.

House Amendments

Before passing the bill, the House
adopted several amendments, all ap-
proved beforehand by the House Com-
mittee on Astronautics and Space Ex-
ploration. Most were of a techmical
mature to correct spelling or to make
minor changes in wording. The most
significant changes included:

e Elimination of a section that pro-
vided for a Joint Congressional Com-

.

1 g

i!- -‘-

mittee on Acronautics and Quter Space.
e Insertion of a clause that would per-
mit the administrator to establish the
civil service entrance grade for scientihe
and engineering personnel without pre-
vious government service at a level up
to two grades higher than that set by
the Classiheation Act of 1949,

® Changing the name of the act from
National Aeronautics and Outer Space
Act of 1958 to "National Aeronautics
and Astronautics Act of 1958.7

Albert Resolution

MeCormack, chairman of the House
Space Committee, offered the motion
to strike ont the section establishing the
joint committee after unanimous agree-
ment by the space committee members,

The action took place after Rep. Carl
Albert (D.-Okla.) introduced a resolu-
tion calling for a 25-man Commttee on
Science and Astronautics to be com-
posed of members of all other House
Committees interested in space projects.

VMeCormack sud the Albert resolu-
tion would create a committee with a
broader base than that of the joint
committee and that it would be un-
necessary to continue the provision for
a joint gronp in the bill. He added that
he hoped action on the Albert resolu-
tion wounld be taken before the end
of the session, but that, in the mean-
time, the select commttee would still
be 1 existence.

An amendment to create higher,
more equitable salanies for  starhing
scientists and engineers was  offered

bv Rep. B. F. Sisk (D.-Calt.), a mem-
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Externul Rur.:k on DB-47 Hulds Rus:nl

Rack mounted on starboard side of Boeing DB-47 medium bomber fuselage holds Bell

Rascal air-to-surface radar-command missile.

B-47s modified to carrv the GAM-63 Rascal

are redesignated DB-47s. Missile is being delivered to SAC (AW April 14, p. 67).
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ber of the House Space Committee.

He smd the present bill authonizes
the admimstrator of the space agency
to pav shghtly higher compensation to
a limited number of personnel than s
now pernutted by the Classification Act
but that there 15 no comparable provi-
sion for the starting salanes of recent
scientihe and engincering graduatces.

Sisk explained that the amendment
would authorize the admnustrator, if
necessary, to hire personnel of this tvpe
at a GS-7 rating rather than the usual
GS-5. e said a GS§-7 would he able
to start at a salary of $S4.980 while a
(G5-5 would receive 54,040.

Major Provisions

In addition to the amendments made
on the Aloor, major provisions of the bill
as passed by the House, include the
following:

e Activities of mankind in outer space
shall be devoted to peaceful purposcs
and the general welfare with adequate
safeguards for the common defense and
sceurity of the U, S,

& That such activities shall be directed
by a cwilian agency which also shall
act in cooperation with the Defense
Department “mmsofar as such activitics
are peculiar to or primarily associated
with weapons svstems, military Opcrit-
tions or the defense of the U, 8."”

® That the agency shall act in coon-ra-
tion with the Atomic E nergy Commis-
sion and other agencies m‘-.nflr as such
Space activities are assoc ited with mat-
ters within their jurisdiction.”

e That management of NASA he vosted
m an admmmstrator and deputy admin-
istrator appointed by the President and
confirmed by the Senate.

® That a 17-man advisory committee
be created, of which nine members be
designated  from  appropriate  govern-
lmnt departments or agencies. |11|;]u-.l
ing at least three from the Defense De
partment, while the rest wonld he
chosen from the helds of science, engi-
neering, technology, education, admin-
istration, or pubhe affairs.

e Creation of a Military Liaison Com-
mittce and an Atomic Energv Liatson
Committec.

e Creation of a Division of Military
Application and a Division on Nuelea
Application in addition to others that
may be determined necessary,

® That information obtained or devel-
oped by the administrator shall be made
avallable for pnh]it imspechion, excep!
classificd information necessary to pro-
teet national security or that authorized
or required by law,

o That all functions, real and personal
property, personnel, funds and records
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of NACA be transfeired to the space
agency,

e That funds appropristed for admin-
tration and operation of the agency
must be expended en a one-vear basis,
while funds appropnated for construc-
tion of focihinwes. or for research and
development  activities  shall - remam
available unt:l expended.

The entire cost of an effective space
progrim wvas estimated by the admims-
tration as running fru-m S100 million to

5200 million a vear. The House Space
Cmnmi!h.'-.:. |1<:n-.uu estimated it
would take abou® $3500 mallion annually
for the first several vears and perhaps
a billion dollars a vear thercateer.

In urging passage of the bill, McCor-
mack said everv effort has been made
in the legislation to define the funcrions
and pow ers of the new ageney in order
to prevent possible Eﬂ-‘nlﬂ!ct and waste-
ful duplication and at the same time
make sure that the program will be
coordinated and comprehensive.

USAF Pressure Suit
Tried in Space Cabin

San Antonio—An airman who spent
two T.I-.l‘n'.'l- !J:"- 1|1E ”] el ]J'TL'-'ibﬂfﬂ' .‘:I.llt 1 tl'“.
Air Foree ':.Ehr:-u] of Aviation Medicine's
sparce cabin simulator found the expen-
cnce extre ITH.],"- llllﬂ'ﬂ'lﬂfﬂrtiihlﬂ'-

Stalf Se rﬂt.'.mt Marion L. Avdt hived
and u::-rLur.d for two days n the smmne
cabin in which Airman st Class
Donald G. Farrell spent a weck. But
where Farrell had the pleasantest en-

vironment that could be prov ided, Avdt
wits clad in the pressure sut and fed a
meager dict.

Signiﬁmncu of this latest experiment
hes m the fact that man will have to
depend heavilv on his  pressure  suit
when he ventures into space and thus it
s unportant to find out how well he
can tolerate it over long periods.

Avdt said that the first hours 1 the

- —

Swiss Drop P.16

Geneva—Swiss government has can-
celed a development and  production
order for 100 FFA P.16 ground attack
airplanes following an  imvestigation  of
the crash of the third prototvpe into
Lake Constance. It was the second P16
to crash into Lake Constance (AW
Mazch 31, p. 29).

(Mfhcial reason for the cancellation is
that redesign of the hydrulic system |
would delay deliveries.

Observers believe this previded a con-
venient excuse for the Swiss to drop an
unwanted airplane beught for political
reasons.  Purchase of the Grumman
FF11F-1F Supertiger becomes a possibility

again,
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Mkﬂ Juvelm Equlpped wnth Afterburners

Gloster Mk.S Juvelin, British all-weather fighter, will enter Roval Air Force service later this
vear, replacing previous tvpes. ARt configuration of the MK.S is changed by protruding
afterburner nozzles on its two Armstrong-Siddeley Sapphire engines. Like the ML.7, the
Mk.S is equipped to carry de Havilland Firestreak infrared-homing air-to-air missiles (AW

March 31, p. 77). Aircraft is taking off from factorv field at Brockworth,

generators just ahead of ailerons.

sutt were tolerable, but “after that it
was hell.,” He said he broke out in a
sweat at the shightest effort and that the
tight suit rubbed and chafted his skin.
Avdt got some relief from the heat by
using a blower which forced cabin mr
against his suit.

During the experiment, Avdt worked
on a set 24 hour evele. Schedule started
with three four hour work periods with
an hour of rest between them. After 14
hours of this, Avdt slept for three hours.
After the sleep period H'u.n wias an hour
for breakfast .md checking cquipment,
then three hours of work followed by
three hours of rest, cating and checking
gear. The second 24 hours followed
the same ]:m’ft:,m

As with the Farrell experiment, Avdt
wits given a constant senies of pr:rhk'im
and projects to determine how well he
maintained his proficiency under  the
stresses of the expernment.

While Farrell had a wide assortment
of ordinarv food available durning This
week in the chamber, Avdt's su ppl
was severely limited, He had onlv baby
food, hot tea and water.

Japanese Plant to Test

Swiss Rocket Battery

Geneva—Contraves  Ocerhikon  1'vpe
Swiss anti-aircraft rocket batterv is
LIt -dt.‘rgﬂltlg :IEEL'PLH“:'L tests h'l- H'IL
Japancse prior to shipment to Japan
for trial operations and ﬁrmg'-r

Japancse mterest 1n a beam-nding
missile with performance 1ppr:mm.|t¢:h
i the Nike-Ajax category could result
im an order for the Swiss companv.

'.'il.

MNote bortex

Boeing to Receive
Hound Dog Mockup

Downey, Calif. —North American Avia-
tion's Missile Development Division here
will ship first model of the GAM-77
Hound Dog air-to-surface missile to Boe-
img Airpkine Co. some time this month.

Model will ..'ji:mlr:at{'l'_v simbite the ms-
sile’s mass, confignration, size, weight
and center of gravitv. It may be used
tor gathering aerodvnamic data while
mounted on a4 modified B-52 at Boeing's
Seattle plant, or it may be sent to
Wichita for unse wiath the st B-520,
the airplane for which it was designed.

Aissile will be carmed on a special
pylon containing monitoring and Jaunch
cquipment.

Missile powerplint will be a Pratt &
Whitney ]J52 turbojet engine. Missile
speed has been described as “high su.
personic,” with a range of “hundreds of
miles.” Engine is podded and is carried
suspended below the rear of the missile
itselt. The engine does not use the after-
burner.

Hound Dog's conhguration most prob-
ably 15 canard, with a high power-weight
ratio ntilized to achieve supersonic speeds
in view of engine thrust,

Guidance and control equipment for
Hound Dog is being developed by North
American’s  Autonetics Division.  First
unit, designed to provide simulated
barometric pressures for evaluating the
GAM-77 flight control system, has been
delivered to the Missile Development
Division by Autonetics.
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Federal Aviation Plan Gains Momentum

By L. L. Doty

Washington—Congressional — action
to create an all-powerful Federal Avia-
tion Agenev before the end of the sum
mer was put into motion last week with
strong Wihiate House support.

[“irst positive move toward the im-
mediate  establishment  of  a  long-
awaited independent organization that
can resolve the growing crisis of over-
crowded airwavs was made when Sen.
A. S. Mike Monronev (D-Okla) in-
teoduced a bill that would drastically
revise the Civil Acromautics Act  of
1938 (AW June 2, p. 15).

The bill has drawn enthusiastic sup-
port from maost segments of the avia-
tion industry although some dissension
exists on specific 1:|mnh of the proposed
legislation. A similar bill has been in-
troduced in the House by Rep. Oren
[Tarns (D.-Ark.).

I"inal pattern of the new ageney will
become clearer when Senate hearings,
which began last week, are concluded.

Pattern of Agency

[ lowever, most observers behieve that:
e Congress will pass the legislation this
session. Details of the proposed NMon-
ronev bill will be changed but its over-
all concept will remain substantially the
SAIMC,
o President Eisenhower will give his
support to the bill. However, he wall
ask for changes that will equip the pro-
posed agenev with more far-reaching
POWCTS than are now implicit in the
bill. The President also will ask for
stronger militiry  participation n the
AZCNCY'S functions. 1le will cneourage
a make-np  that will guarantee  the
ageney the power to act on ats own.
o Civil Acronautics Administration will
he the core of the new Federal Avia-
tion Agenev. The agenev wall absorb
the leu.ui Hlnu_E-r_*!nlml'mu Board. Its
structure will be patterned after existing
CAA organizational plan. Air Coordi-
miting  Committee will continue  to
function as an advisory group, particu-
larly on international affairs where close
coordination with State Department s
required.
o Jamgs T, Pyle, present CAA admin-
strtor, will be named admimistrator of
the new ageney,
e Civil Acronantics Board will retain
most of its present powers and  will
contimue o Eunt’tinn as in the past.
Writing and amending of Civil Air
Regulations, now a CAB responsibility,
will be transferred to the Federal Avia-
tion Agencv. Anv move to transfer
CAB accident investigations to FAA is
likely to be blocked.

The Federal Aviation Agenev, as
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proposed in the Monronev bill, fits into
the general concept of the single inde-
[:-Lminl: .1%:‘:11::*. urged by Edward P.
Curtis in his report last year to the
President on aviation facilities planning
(AW May 20, 1957, p. 26). But it
falls short of the authority the Curtis
group would have given the Federal
Aviation Agency.

White House Program

In a recent address, Quesada stressed
that his group is “trving to weld to-
gether an organization in which both
.mthnrm and responsibilitv are  pin-
pointed.” Chicf goal of the Whte
Mouse in l::mliug its full support to
the Monroney hill will he to eliminate
anv features that will delav the ageney
from performing its functions inde-
pendently and with full anthority in
much the same  way  the  Airways
Modernization Board has operated since
its inception (AW July 1, p. 30).

Fssentiallv, the \White House Pro-
aram s stressed  that military repre-
wnhtmn should not be reduced to a

“laison” status but should bhe elevated
to full joint participation with civil
factions. Milton Arnold, Air Transport
Assn. vice president, has urged that a
military officer should be named deputy
administrator under the administrator
who will be a civilian.

The White House position on mili-
tary - participation  was supported  last
week by ATA President Stuart G, Tip-
tonn who told the Senate Aviation Sub-
committee that . . . there must he the
closest militarv-civil coordination as we
PrOgress toward positive control if mlh
tarv and civil interests are to be met.

Oucsada’s deadline for Emn]ﬂe’rmn of
the White ouse program is Januarv,
1959 under instructions issued by Con-
eress Jast vear when the Airwavs Maod-
Lrnultmn Bill was passed. However, he
has TL|]L=11'[[“1L stressed that “good legis-
lation” which carnes out the recommen-
dations of the Curtis gronp should be

supported,

Some Ultimate Goal

Last month, he told the Arport
Operators’ Council mecting . Puoerto
Rico (AW Mav 26, p. 44) that, * 1f zood
legislation can be n.'IHH'Ld puhlmh cle-
hated and passed prior to January, 1939,
so much the better. Tt would appear
that both the executive and legislative
hranches of the zovernment are inter-
ested in the same ultimate goal.”

Although industry gronps continue to
disagree on a number of minor points,
indications are that a leading majority
will drop their differences and support
the varions proposals for strengthen-
meg the hill.

Major point of contention among in-
dustrv groups now lics in a provision
of the new bill calling for a transfer of
the 1ssnance of safetv regulations from
the CAB to the new agencv, Although
the ATA strongly supported this phase
of the Il {Iltrlll_ﬂ last week’s Senate
hearmgs, 1t opposed a provision for an
appeal to the Board of decisions of the
new ageney on any regulation which
would mmpose an ceconomic hardship on
the person appealing.

Tipton held that the latter provision
again divides responsibility for safety
in aviation. Tle charged that the
arrangement “tends to pcrputu.lt-:: and
even accenfuate the present unsatisfac-
toryv situation.”

Air Line Pilots Assn, urged that the
right of appeal not onlv be retained but
n|:-im|u] to include “safety™ as well as

‘cconomic” hardship as a hasis for ap-
peal.

Charles  Parker,  exceutive  director
of the National Aviation Trades Assn.,
urged that the administrator of the
ageney be required to consult appropri-
ate aviation gronps affected through ad-
vanced proposals i the form of draft
releases. Tle added:

‘Check and Balance’

“Also, while eriticism has been heard
of the present mcthod of CAA formu-
lating proposals and CAB taking final
action on adoption of such proposals,
the fact 15 that to us, it has served as a
check and balance bevond any fFormal
action provided under the act.”

Generally, the Monroney bill pro-
poses a serics of amendments to the
Civil Acronanties Act of 1938 by in-
troducing the Pederal Aviation Act of
1938,

'rime  purpose of the hill is to
create an independent Federal Aviation
Ageney, create safer and more cfhcient
use of airspace by civil and military
aperations and to ]]HIHL]L for the regu-
lation and promotion of civil aviation,

[lere are the highlights of the pro-
posed amendment:

o Agency will be headed by an adminis-
trator to he appainted by the President
and confirmed by the Senate. He will
he a civilian with past envil or military
aviation  experience,  will  be  paid
S20,500 annually,

e Defense Scerets v will appoint a spe-
cial military adviser ta the administrator
to advise on military needs relating to
air traffic control, rescarch and ﬂt.h‘._lﬂp*
ment, allocation of airspace and  air
trathe rules,

o Administrator will develop with De-
fense Department plans to transfer the
ageney “intact” to the Defense Depart-
ment m the event of war. This pro-
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vision has drawn bitter opposition from
most segments of civil aviation.

¢ Administrator is authorized to place
a total of 175 positions in the agency at
the top civil service grades of 16, 17 and
18 in addition to the number of pum
tions authorized by the Classification

Act of 1949.

o Unexpended balances of appropria-
tions made available to the CAA and
AMB will be transferred to the FAA
at dates specified by the President
through executive order.

® Administrator will develop long-range
plans and form policy on the use of air-
space. He will “assign by rule, regula-
tion or order the use of airspace under
such terms, conditions and limtations
as he mayv deem necessarv in order to
ensure the safety of aircraft in flight
and the efficient utilization of such air-
space.”

® F'uel research and development powers
arc granted the administrator, If a ques-
tion exists as to whether a matter 1s of
primary concern to the military, the
administrator - is  authornzed “and di-
rected” to decide whether he or the
military agency  shall have  responsi-
bilitv. Military agencies will be re-
quired to furnish the ageney with any
technical information concerning
scarch and development projects ﬂmt
may have application to a common
system.

U. S. Missile Lag
Described by York

Washington—U. 5. is more than a
vear behind the Soviet Union in the
development of large rocket engines but,
in the complete ICBN picture, the
two nations are very nearly equal, Dr.
ierbert F. York, chief scientist of the
Advanced Rescarch Projects Agency,
said last week. In the overall picture,
York said, the U.S. leads in guidance
and some of the other svstems necessary
lor an ICBM.

Dr. York told the first National Mas-
sile Industry Conference that the most
seripus consequence of the U.S, pro-
pulsion position was its limiting cffect
an the satellite program, and that it
would be 12 to 15 months before we
could place a p.cwlmu.'] in orbit equal to
that of Sputnik 11T's 3,000 Ib. plxin1d

Heartening aspect of the U.S.
|m]1-r1n|1 capability in Dr. York’s L.':-l']lﬂ"l
tion 1s its superior rate of progress. He
believes that we were five vears behind
in 1952 and are rapidly closing the gap

The National Missile Industry (%nn-
fr:ru‘n.':t.‘ was sponsored by the National

Capital Section of the American Rocket
qm:u.tg. and a local Washington or-
cunization, the National Rocket Club.

Activity at the conference centered
puincipally around question-and-answer
periods between panels of speakers. First
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| son to actually fly.

RMI ‘Flying Belt’

Denville, N. J.—Reaction Motors Inc.
demonstrated a “flying belt” to the Army
last week which it claims will enable an
mdividual to ran at superhuman speeds,
jump great distances or scale large
heights. Army ofheials reportedly like |
what they saw, and RMI plans to con-
tinue development of the unit which, in I
its present form, will not enable a per-

The idea is to provide thrust equal to
from 509 to 80% of an individoal's
weight, thereby subtracting this amount
from his total weight and enabling him
to use his muscles more efficiently. Re-
action Motors says the device will be
inexpensive and that delivery can begin
within one year after receipt of a con-
tract.

panel session was intended to deal prni-
niarily with industry’s problems i cou-
tracting and negotiations. The military
contracts ofhicer ILPILLL][[‘{'L’] on the
panel was Cmdr. E. E. Sack, head of
Bureau of Acronautics, Purchasing
Branch, and the majority of questions
were directed at him. Maimn points made
by Sack concerning fundamental gov-
ernment policy 111511-:1:::]

e Too much time is now spent on dis-
cussing the exact percentage of profit to
be allowed a contractor instead of work-
ing more vigorously on lowenng the
total cost of a contract. He felf this
would change in the future.

o Attempts have been under way for
two vears or more on revising the al-
lowable costs on cost plus fixed fee con-
tracts but divergent views among van-
ous industry groups and government
?mupu had kept anvthing concrete
rom being accomplished.

Iroquois Completes
NACA Tunnel Tests

Toronto—Orenda  Iroquois  turbojet
engine has completed more than 100
hr. of testing in the engine propulsion
tunnel at National Advisorv Commattee
for Aeronautics’ Lewis Flight Propul-
sion Laboratory, Cleveland, Ohio,

During this test program, normal re-
lights were made following induced
flameouts up to 60,000 ft., the albitude
capability of the tunnel. Rehlights were
made at designed Mach numbers.
Orenda Engines Ltd, savs that the en-
gine achieved probably the highest drv
thrusts ever recorded by turbojets on
the North American continent.

Developmental models of the Iro-
quois have undergone more than 5,000
hr. of bench running. Dimensions and
performance specihcations for the Iro-
quois are as follows:

Over-all length, including afterburner

—approximately 19 ft. Over-all length,
mtlmul’ alternator fr.imf.—.]pprmlm'!.tLl'l.
ft. Intake diameter—about 42 in,
‘th_rhurmr diameter—approximately 47
in. Thrust—approximately 23,000 1b.
dry. Thrust to weight mtio—more than
5 to 1. Specific fuel consumption—
under 1 for dry rating and under 2 with
afterburner,

The Iroquois has a two-spool com-
pressor, an annular, high-velocity vapo-
rizing combustion system and a close-
coupled afterburner.

Modifications Raise
B-52G Range 25%

Ft. Worth—Modifications which re-
duced empty weight of the B-32G and
provided the new En-m.lg heavy bomber
with increased fuel capacity have given
it a 25% increase in range over the
B-52E.

Strategic Air Command has  esti-
mated that with one combat refueling,
the B-52G will fly close to 14,000 stat-
ute mi. Gross weight of the bomber
is more than 450,000 Ib.,, and it is
powered by Pratt & Whitney [57-P-
43\W engines.

First production B-52G will roll out
in Julv. After flight test and evaluation
programs are completed with the first
production models, deliveries to SAC
will begin early next vear,

Besides its greater range, the B-52G
has better climb  performance and
higher target altitude than the B-52E.
Although 1t 15 considerably heavier, the
B-52G takes off and lands in the same
runway lengths as the B-52E.

Major structural changes in  the
bomber allow a reduction of empty
veight and give the airplane a greater
fur:f; carrving capacity. The G model
has a redesigned wing which uses inte-
gral wing skin and stiffeners. Wing is
used as a fuel area without fuel bags.

News Digest

Martin Co. plans to gain neceded
new financing through an issue of 20-
vear senior non-converhible debentures.
The sale 15 expected to produce 520-
25 million. Instead of depressing Wall
Street, word that the issue would be
non-converhible actually  caused  the
pricc of Martin stock to rise over a
point in trading carly last week.

Doak Aircraft Co.’s Doak 16 vertical
takeoff and landing vehicle dm'{_‘]u]l)::'c'l
for Armv Transportation Corps has
completed 50-hr. ground test two weeks
ahcad of schedule. Next step 1s to com-
plete the plane by installing skin in
preparation for flight test phase sched-
uled shortlv.
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AIR TRANSPORT

DOUGLAS Aircraft Co.’s DC-8 jet transport, shown here on first flight, completed its second flight ot Edwards AFB last week, Aircraft was DOUGLAS DC-8 on first flight. Aircraft weighted 190,000 1b. and lifted off after 3,500 ft, run at speed of 110 kt.

in the air for 2 hr. and 5 min. during which it extended envelope of speed and altitude of first Right.

DC-8 Moves Into Flight Test Program

Long Beach, Calif.—Douglas DC-5
moved into the flight test phase of its
development with routine take-off on
its Memorial Day first flight. The first
DC-8 underwent two hours of con-
densed svstem and handling tests over
the Pacihie Occan before recrossing the
coast near Santa Barbara and landing at
Idwards AFB.

Pline will operate exclusively from
I'dwards until about 10 hr. have been
logged, after which it may retum here
brieflv or land at other airports durin
I'ighl'. tests, Eight more airplanes wil
be assigned to t]'nr_' test program and
28 will have been completed by the
time the test program is ended.

Some will be delivered before cerhifi-
cation to allow airlines time to tran
crews before commercial service be-
comes legal. First deliveries are sched-
uled for the summer of 1959, Domeshc
service should start by the end of that
vear and intercontinental serviee should
start about 60 davs later,

The DC-S lifted off after a 3,500 ft.
run at air speed of 110 k. The airplane
weighed only 190,000 Ih. at lift-off—
1 IHJH Ib. more than maximum landing
weight,  Four JT3C-6 (]57) engines
gr:m:mtl:d dense brown smoke as they
geveloped a total of 50,000 Ib, thrust
with water injection at takeoff.

Observers near the runway reported
comparatively low noise level from the
engines which were equipped with an
cxperimental  multiport  sound  sup-
pressor.  Most objectionable noise at
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close range was compressor whine but
more distant observers found this neg-
ligible,

Combination daisy petal- .1]1[]-{:]'2':[‘:1]‘
suppressor intended for delivered air-
plane was not available.

Tests on first flight were carried out
at altitudes up to 31,000 ft. The air-
plane was checked for general handling
charactenistics and hydraulic, electrical
and air condibioning svstems were tested
out, Some of the right side window
panels on the test airplanc were re-
placed with eme g],v:uc}' pressure relief
vialves to cope with possible failure of
the regular pressure control valves.

Total of 138 DC-8s have been or-
acred to date with a total value of $700
million. Northwest Airlines is expected
to sign an order for several more shortly,
D'-rJungs has invested about $225 mil-
ltion in the DC-8, so0 far.

First 50 airplanes will include do-
mestic and  overwater models,  three
different powerplant svstems and nine
different customer configurations, Di-
mensionally the overwater and domestic
versions  are  identical, but overwater
version has been given intercontinental
range by prov ldmg additional 26,100
Ih. of fuel and by increasing strength
of wing and landing gear.

Most DC-S85 now on order will be
powered by the Pratt & Whitney JT4
(]75) and manv overwater craft will be
powered by the Rolls-Royee Conway.
First ﬂ]l‘p]ﬂm’.‘ will fly with the proven
Pratt & Whitney JT3 (J57). Second

will have the (JT4). First [T4-powered
DC-8 will be delivered to Pan American
World Airways in December, 1939, and
the frst with {Lﬂnw,ns will be delivered
im February, 1960,

Airplanes powered by the J'T3 have
four separate engine-driven powerplant
water injection svstems with four 190
eal. supply tamks. The tanks are pres-
surized to ensure a priming flow at
starting. J'T4 and Conway versions do
not use water myection,

Western Strike Ends

Los Angeles—Pilots ended the long
Western Air Lines strike by answering a
return to work call by the company last
week,  Airlime will resome operations to
28 cities on June 10 with 11 fights,
mostly to areas completely deprived of air
tramspartation.

Since approximately one-half of West
ern’s fleet is stored in the Los Angeles
arca with most flights originating from
there, first day's service also will include
flights from Los Angeles to San Fran-
cisco, Seattle, Minncapolis and Salt Lake
City.

In accordance with an  agreement
signed by company and union representa-
tives, first flights will be operated by
pilots with greatest seniority. Aircraft are
being thoroughly cleaned, given 100-hour
checks and completely Aight-tested by
supervisory  pilots prior to returning to
service (AW June 2, p. 32).
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End to Transportation Excise Tax
Urged in Senate by Smathers

By Ford Eastman

Washington—Sen. George Smathers
(D.-I1a.) opened a determined drve
on the Senate foor last week to ehnu-
nate the excise tax on transportation of
persons and property originally imposed
during World War II to discourage
aln]:pmg and travel.

Smathers termed the tax as one no
longer applicable and one which is op-
crating directly against the best interests
of the government.

He said that the tax money leaks out
of the Treasury from the bottom in the
form of subsidies and other wavs as fast
or faster than the monev pours in at
the top.

Advantages to be Gained

The Senator said these advantages
would be gained from removal of the
3% freight tax and 10% passenger tax:
" . . there would be only an insig-
nificant drop in tax revenucs—perhaps
even a gam.

I”Hﬂmm'ing the excise would stimu-
late the entire tmm.]mrhttml industry.
It would encourage traffic in exactly the
same fashion as the tax discouraged
trafhc.”

e “It would unquestionably lower prices
to the consumer—not onlv directlv,—by
cutting the cost of train and pl e
tickets, but indirectly in the goods and
services on which tax costs are now
pyramided.”

¢ “It wounld improve the competitive

position of small business by eliminat-
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ing what is essentiallv a tax favontism
for ng business.”

e “It would remove a regressive feature
from our present tax structure—some-
thing we can easilv do without.”

e “It would give a shot in the arm to

the ratlrpads, which are hurting pretty
badlv now. It would help all regulated
motor carriers and might well save the
inter-city bus transportation system. [t
also would greatly assist airlines who
face mounting operating costs with lit-
tle or no increase in trafhe.”
e “It would be a direct and essential
contribution to the health of our econ-
omyv which depends on huge capital
expenditures from the entire transpor-
tation industrv.”

Smathers said 46 other members of
the Senate earlier indicated they would
support repeal of the transportation ex-
cise tax but that some may have
changed their opinions following Presi-
dent Eisenhower's recent statement that
he hoped to hold the line against tax
reductions,

Humphrey's Interpretation

Sen, Hubert Humphrev (D.-Minn.)
said he interpreted the President’s
declaration agamst a tax reduction to
mean that he does not want a loss of
revenue. CTherefore,” he said, 1 be-
lieve one can support the President’s
position as to revenue by the repeal of
these two taxes, because they are re-
fhtung govermment  revenues  every
dav.

Various wavs in which the exase tax

K
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Vickers Assembles Cuntmentul s Viscount lls

Viscount 810s (Viscount 1ls) for Continental Air Lines are shown on V u:!-:u:?s-:\r:u‘ﬂtmngs
(Aircraft) Ltd. final assembly line. Continental has begun frst class service with the
S6-passenger turboprop transports between Chicago and Los Angeles (AW June 2, p. 30).
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on transportation would reduce gov-
ernment revenues was explamed  this
way by its Senate supporters:

e Tax imposed during the war to dis-
courage travel and ahl]]plng still ac-
complishes that purpose, resulting in a
loss of revenue to the mdustrv. Since
certain segments of the industry operate
al 4 hm revenues  brought into the
Treasury at the top through the tax
are drained off the bottom through
subsidics.

e Tax has not only discouraged ship-
ping and traveling on common CATTICTS
but has diverted a considerable portion
of what there 1s to private carriers. re-
sulting in a big loss in income tax col-
lectible by the government.

¢ While the amount of revenue received
through the tax has dropped since the
war, the cost of collection has increascd
te further reduce government income,
e Transportation tax also is dednctible
from income as legitimate business ex-
penses so the apparent gain for the
Treasury is at least partially oftset by
this invisible loss,

Discrimination Charge

Scnators backing the repeal move-
ment said that the tax also is dis-
cruninatory to the consumer. lor ex-
ample, they said, shippers of large
quantitics have their own transportation
svstems and, therefore, pav no tax. If
thev do ship by common carrier, their
rates are lower since the shipments arc
in big lots. Smaller shippers not only
liave to pav transportation tax on com-
mon carriers but must pav a higher rate
because of the smaller shipments.

Another discriminatory feature of the
tax, Smathers said, 15 the additional bur-
den imposed on those who must ship
their products long distances to markets
and still compete in price with products
shipped onlv short distances. The long
distance shipper not only has to pay
higher shipping costs but must pav a
Iughu transportation tax than the short
shipper.

Los Angeles to Lengthen

Runway for Jet Service

Los Angeles Intermational -"'uir]}m'l
will ]Ln"Hun 1ts present runway 25L.
to 10, {H]i} ft. from its present 8 500 ft.
to provide better takeoft and landing fa-
cilities for jet aircraft,

Estimated to cost 5480,000, the proj-
cet. in addition to the extra 1,500 ft, of
runway, will include holding apron, taxi-
wavs and lighting. The project has
been approved and bids for contract are
being mvited. Completion date 15 set
for Nov. 1 when frst Boeing 707
is scheduled to go into operation by
American "nrlmu Runway 25L s
designated the instrument runway, is
southernmost of the dual runways now
paralleling the terminal area.
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ARTIST'S air view of new Tulsa airline terminal shows site it will occopy near sonth end of 10,000 ft. ranway (lower center).

At neght

is Douglas Aircraft Co. plant. American Airlines overhaul base, now undergoing 520 million expansion, is at north end of runway.

Tulsa Plans Second Terminal for Jet Age

By Craig Lewis

Tulsa—New airline terminal will be
built here to accommodate trathe in-
CTCaSeS r:qma:ted when jet truwp[]rh &)
mto service, Terminal P[{}]!_‘-.’_[‘ will hr:
part of 533 mllllml i construction
scheduled for the Tulsa Municipal Air-
]mrt complex over the nest three vears.

Tulsa voters recently upprmuf a hond
1saue which permits the Tulsa Airport
Authonty to move ahead with its 55

AVIATION WEEK, June #, 1958

million terminal project. It is sched-
uled for completion by 1961.

Across the field from the terminal,
American Airhines already is at work on
1 520 million expansion of its overhaul
facilitvy to accommodate turbine trans-
ports on order. And next to the Ameri-
can facility, the Air National Guard
plans to start work on a new basc.

New Tulsa terminal will allow the
airport to be run as a dual operation.
Terminal will be near the 10,0000 ft.

reached by escalator,
with ticket offices on gronnd level.

main runway which will accommodate
all airline operations. About a mile
west of the main runwav 1s a pattern of
shorter runwavs which can be used for
business and private Aving.

Present nine story control tower 1s
a separate structure which stands be-
tween the old and new terminal sites,
and it will continue to control the two
operations,

New terminal will provide 16 loading
positions, compared with eight at the

=i

MAIN lobby on second level of new Tulsa terminal (left) will be

Drawing at right shows roadway entrance,
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present terminal. It will be a split-level
design in which the passenger will enter
from the roadwav at ground level and
zo through the ticketing procedure.
Main lobby will be on the upper level.

Passengers will descend to the fingers
via escalators, and present plans call
for eight gate lobbies. Airline operations
centers and ofhices also will be located
in the two fingers. Provisions will be
made for second level loading from fin-
gers if it proves feasible when jet opera-
tions are under wav.

Since the present main runwav is
16,000 ft. long, 200 ft, wide and built
of 16 in. concrete, no new construction
15 planned for turbine operations, The
runway is currently used bv B-47s which
are undergoing overhaul and modifica-
tion at the Douglas Aircraft Co. plant
un the east side of the feld.

New taxiwav will be built for the
main runwayv to make it more accessible
to the ternunal. Runwav will also have
certam specthed  high speed  tumofls,

Civil Aeronautics Admimistration s

anstalling a centerline, Aashing strobe

hght approach system at Tulsa, and the
held 15 supposed to get airport surveil-
lance radar dunng the coming hscal

vear. It 15 currently equipped with
VORTAC, DME, ILS and low fre-

quency facilities,

Should future trafhc warrant it
there is enough land within present
airport boundaries to accommodate a
parallel 10,000 ft. runwav. Airport also
CwWns an &, {]Dﬂ ft. strip a half mile wide
off the south end of the instrument
runway and 4 mi. clear zone off the
north end, which is further protected
by 2% mi. of park area.

Cost of the project will be 55.4 mml-
lion, with CAA paving for half of it
The balance will come from a $4.2 mul-
lion bond issue, half of which is to be
retired with revenoes from airport op-
crations. The Tulsa airport has been
sclf supporting since opening in 1928;
prohts last vear were 5386,000.

Rate-of-Return Plan Opposed

By Robert H. Cook

Washington—Local  service  carriers
are presenting a sohid front of opposi-
tion to Civil Aeronautics Board’s bu-
rean counsel recommendations urging
the CAB to adopt a 9.5% rate of re-
turn computed on the carriers’ invest-
mient base,

Rebuttal exhibits in the Rate of Re-
turn for Local Service Carriers case term
the proposal—designed to establish a
:wte calculated to attract fnancing—as
a collection of “statistical errors and
faulty assumptions.” Attornevs for the
Assn. of Local and Territorial Airlines
sav that, even if the proposal were ac-
cepted, “proper” application could re-
sult m a return of as high as 17.59%.

Heart of the carriers” stand is that
their imvestment base as eompared to
capital turnover is so low that a per-
centage return would result in an almost
regligible increase. Thev contend that
their present financial condition will
deteriorate shll further since the shrink-
ing values of ther flight equipment,
essentially DC-3, is H]lflllg the mvest-
ment base to where it is unable to attract
new financing (AW NMay 12, p. 40).

In defense of its position, burcau
L:‘.rmml savs it considers this situation
a “temporary problem” alreadv in the
process of hr:n]g solved by such meas-
ures as the 90% Guarantee Loan Act,
Federal Reserve Board action in lower-
ing discount rates, retention of capital
gains by the carriers, pending legislation
{or equipment trust certificates and im-
provement withun the framework of ex-
isting rounte structures. Thev contend
that these actions will double the pres-
ent imvestment base within two vears as
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the carriers replace obsolete equipment.
Objectors claim that such a philosophy
15 almost certain to defeat its own aimm,
with a resultant financial confusion that
could postpone local carners’ freedom
from subsidv far bevond the foreseeable
future. The lines contend that an ex-
pansion of their mvestment base can-
not provide a stable base for rates since
new  flight equipment will depreciate
cach vear. Once fully depreciated, thev
cav this equipment will have a residual
velue of onlv 15% of its original price,
thus p]m:mg the carniers in much the
same pmlfmn as thev are todav with
the DC-3. Where orders for new air-
craft may have represented a doubling
of the investment base, the deprecia-
tion scale of this l:[|ulpmm’r woutld
lirgely nullify anv increase in invest-
ment and  the Lﬂrrupum:llng rate of
return based upon 1t. While new
cquipment 15 desperately needed  for
cconomical  operations,  local  service
spokesmen sav thev fear the target of
subsidv free npumhrm mayv be unobtain-
able if the CAB adopts the bureau coun-
s¢I's method of rate making.

Favored alternatives are:
¢ Multi-element formula of 149 on
mvestment where commercial revenues
exceed a matio of 1.4 to mvestment or
a combination allowing 10% on com-
mercial revenues where the imvestment
Iase 1s below the ratio.
¢ Pavment of one quarter to one third
of a cent per available seat plane mile.

The first proposal has been offered
by the Eﬂn]l?un.'ncu of Local Airlines
which includes Alleghenv, Mohawk,
North Central, Imm—lt' xas, Piedmont,
Scuthern and Southwest,

Favoring the other proposal are Bo-

nanza, Central, Frontier, Lake Central,
Ozark and West Coast Airlines, all
members of the Assn. of Local and Ter-
ritorial Airlines.

Under CLA's rate plan, carriers with
an investment base in excess of to-
tal annual commercial revenues would
draw a straight 14% on investment.
Those with a lower, or depressed in-

vestment, would draw the 14% hgure

plus an amount that would allow a
combination return equal to 10% of
commercial revenues. At present, Mo-

hawk is the only member that does not

have a depressed investment base. The
plan is similar to that applied to surface
transportation under Interstate Com-
merce Commission regulations.

ALTA’s proposal would average six
to eight cents per available plane mile
for a typical DC-3 operation,

Both plans would increase annual
subsidy pavments by as much as S4 mil-
lion, uhl!:h would decrease as new
cquipment was retired, according to the
two organizations.

Applied to local service revenues of
S43 million for 1956, on an investment
base of 517 million, the carriers would
have realized a 25% return on invest-
ment as compared with the 9.5%
recommended by burcau counsel. Under
the 10% formula of CLA, the carriers
netted 54.3 million in 1956 as com-
pared with only $1.6 million under the
counsel proposal,

Local service carriers have been aper-
ating with an unusually low capital
which last vear reached a deficit of
S+.66 million as compared with the net
working capital of $120 mmlhon in-
cluded in the mvestment base of domes-
tic trunk lines.

ALTA terms the failure of burean
counsel to allow a return on anv por-
tion of members’ current habilities a
“distortion of investment hase.”

ALTA claims that low capital is the
major reason why a normal profit mar-
g would vield a high return on that
capital but does not indicate the one
third of a cent formula is nnreasonable.

Attacking the burean recommenda-
tion on a broad front, ALTA E]L"I'IiEi
charges that its pI m constitutes a “cost
plus” formula since, it savs, operational

costs are calculated at five cents per scat

mile with a profit element of onlvy one
third of a cent. The organization claims
that with a “risk 15 times as great,” it
would not be practical to offer an un-
dulv large volume of service.

The Guarantee Loan program shonld
meet part, but not all, of the local-
service carrier’s loan needs since 1F s
granted only for equipment and onlv in
amounts up te 55 million per carrcer.
ALTA savs a substantial amount of
more costly loans will be needed to
cover other equipment needs, expan-
sion costs and sums in excess of the
allowable $5 million.
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Cargo Lines Report Executive Salaries

Washington—Vollowing 15 a list of
argo airline executive and directors
salaries, bonuses and indirect compen-
sation, expenses and stock holdings as
reported by the airlines to the Civil

Acronautics Board.

Cargo Airlines

THE FLYING TIGER AIR LINE INC,—
L. B. Mosher, chalrman, hoard of directors,
L4000 malary, 27,762 common shares and 31X
shares of preferred stock: R, W. Prescott,
president and director, $44,666.64 salary,
{4.229 common 2hares, three preferred shares
and 2180000 worth of debentures; A, T.
Chase, director, E400 salary and 1,118 com-
mon ehares of stock; H. Kehrig, director,
g4 malary and 10 shares of common
gtock ; B. Gresov, director, §100 salary
anid no stock: R. Axe, director, $100 salary
and 600 ghares of common stock ; A, Link-
letter, director, 2100 salary and 200 shares
of common stock; O, Luckman, director,
2100 salary, 1,000 eommon shareg and
25,000 worth of debentures: 4. Tyler, di-
rector, £100 salnry, 100 common shares and

5,000 worth of debentures; F. Benninger,
vice president and treasurer, $27.833.54
splary and no stock: W. Bartling, vice
president-research, 16,000 salary and 505
shares of common stock,

G. Cussen, vice president, $17,831.34 sal-
ary, 200 common shares and 33 =hares of
nreferred stock ; T Kimball, vice president,
#11,766,66 =alary and 600 shares of com-
mon s2tock ; F. Lynott, vice prezsident-oper-
atlong, £221.666.66 sualary and 38 shares of
common stock : N, Berboth, vice president,
218,880 salary and no stock: V., Zimmer-
mnn, vice president, £23,750 salary, 5800
common shares and F17,000 worth of
dobentures ; J. Higgins, asslstant viee presi-
dent, §15,164.71 salary and no stock,

. R. Burghardt, secretary and pesist-
ant  treéeasurer, S17,000 malary and 425
ghares of common Btock ; K. Stump, assist-
ant secretary, 211,400 salary and 1040
shares of common stock: N, Meyers,
nsslstant secrethary and divector, $400 anl-
ary, 4,152 common shares, eight preferred
shares and #R5,000 worth of debentures:
Arthur Anderson & Co., accounting serv-
ices, F21,200; Mevers nnd Batzell, legnl
gervices, FG0000; Wi, Farrer & Burrill,
legnl =ervices, 285.690: Cloveridale & Col-
pitts, consulting engineers, $45,820: Hixson
& Jorgensen, advertising service, $31.615,

RIDDLE AIRLINES INC.—J, P, Riddle,
president and director, $19,583.34 salary,
24,3471 common shares held directly and
43,790 shares of common =tock in name of
others: P. T. Crnven, eenfor vice presl-
dent. treasurer and director, $16,645.87
splary and 3,000 shares of common stock :
J. B. Love, secretary, 35,875 ealary and
1,600 shares of common stock: J. G,
MeRkay Jr., pa=lstant secretary and director,
no  salary and 2,000 shares of common
stock In name of others; . L. Hood, vieo
president-trafic and sales, $10.575 salary
and 100 shares of common stock: N, H.
Lolden, vice président-engineering, 12,720
salary and no stock; H, T. Weaver,
reglonal viee president-New York, $9.400
=alary and 1,000 shares of common stock :
K. B. Cole, director, no salary or stock:
W. K. deVeer, director, no salary and
1M sharves of common stock,

W. E. Dunwoody Jr., director, no salary
and 100 shares of common stock: H., B,
Hibbitts, director, no salary, 16,000 conimon
shares directly held and 27,000 shares of
common stock In name of others: €. A.
Hinsch, director, no s=alary and 42,000
shares of common stock; J. M. Sessions,
director, no salary and 50 shares of com-
mon Etock; R, W. RKing, executive vice
president (reslgned 11/7/37), #18.000 =al-
ary with stock holdings unknown as of
12/31 /67 ; Dixon, Dedurnette, Bradford &
Williams, legal services, §15,679 : Bowen &
Seontt, legal services, $19508; Leyshon
Associntes of Florida, Inc.,, public rela-
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tions and consulting services, $21,671.
SEABOARD & WESTERXN AIRLINES
INC.—R. A, Norden, president and director,
$A5,000 salary, 98,656 common sharex held
directly and 15,687 shares of common stock
in nane of others: A, V. Norden, executive
vice prezident and director, £35,000 salary,
33,427 common shares held directly and
25,6384 sharez of comimon sStock In name
of ulhnﬂr'*-' C. . Brell, vice prezident-opers-
tions, $256,0000 :-.!_IRI:‘}, 2218 common shares
irecily held and 5,585 sharez of commoaon
stock In name of others: E, 0. Schroeder,
vice president-maintenance, 325,000 =alary
and no stork; W, P. Neth, vice president-
trafthie, secretary and director, £22 500 sal-
ary, 22,5 common shares directly held
and 7.865 shares of commaon gtock in name
of others; . M. Amann, director, £4,200
afilary and 6,600 shares of common stock.
C. B, Ripley, director, no salary, 23,541
commoln shares held directly and 2,412
ghares of commaon stock in name of others :
W. H. Renninger, vice president-enginecr-
Ing, $1%.000 =malary and X808 ghares of
vommon stack ; H. Montee, vice president-
Washington affairs, $17,500 salary, 10,807
common  sghares held directly and 2,845
shares of common stock in name of others :
A, Thomson, vice president-comnmercial
services, $15,000, salary and 318 shares of
common stock ; J. H. Mahoney, vice presi-
dent-gov I'*II'I-P'I'IL*I'tL affairs, $13,760 salary and
b8 shares of common =-:.tr:|¢_i., J. H. Rosene
wald, vice president-ndminlstration, 13,500
salary and 55,879 shares of common stock,
#. L. Fondller, comptroller, $14,500 salar
and 5 shares of common stock in name ﬂ-r
others; Mel Adams & Associntes, public
I‘Ehl.ﬂﬂl'l.ﬂ. TR1.200 Brounstein & Chernin,

accounting and auditing services, 230,200,
Chapman, Walsh & O0'Connell, legal services,
215,304 : Lambert Dupong, legal servies,
6,000 ; Joel Fisher, legal services, $11,006 ;
Bert Hassel, operations consultant, 36,000 ;
Lowenstein, Piteher, Spence, HotchKkiss,
Amann & Parr. legal services, $£357.304
Hardy MeClny, legal services, #21,840;
Panl Oherer. Swiss commercial adviser,
£6,133 ; Arthur Young & Co., auditor, $18,-
aif ;. G. K. Griffin, manager consualtant,
219,125 Dixon Speans, opéerations engineer-
ing consyultant, 26,716,

K. J. Norris, secréetary and treasuarer
{until 11/13/57), $£9,583.41 salary and 155
zhares of comimon stock: Pogue & Nenl,
legal services, 215,016 ; Willlams & Kinnenr,
legal services, $17,035; Willinm C. Wold
Ansocintes, salex commissions, 20,000,

ALASKRA COASTAL AIRLINES (a part-
nership)l—=8, B, Simmons, co-manager, $17,-
400.506 salary and $2,065.89 expenzesa; 0. F,
Benecke, co-manager, $17, 40087 salary
and 32,005,966 expense=s; A, R. Seaton,
major overhaul N47M, £5,446.60; Theodore
1. Beamon, legal retalner fee and expense,
$7.484.59.

ELLIS XIHR LINES—{G. A, Bodiding, vice
president-operations, §$14,798.52 salary and
8,002 shares of common stock ; K. E. Ellis,
president, 21500058 salary and 21,326
shares of common stock: N, T. Geride,
gecretary and treasurer, £14,000.53 salary
and 4,461 sharex of common stock: G. E.
Lorenz, director, 34,000563 salary and
1,718 shares of common stock @ W. A, Nehel,
director, $13,4753.86 salary and 2,697 shares
of conunon stock ; J. L, Shermuan, vice pres-
Ifdent-maintenance, $12,050 salary  and
5,070 shares of common stock.

-
Aitline Transports on Order
U.s5. FOREIGN

PISTON.POWERED TOTAL FLAG  FLAG |
Peuk Ponls .ivisaivissvsiss R AR e e A | — 4

Douglas DC8A ............ S R e p el Ay e B0 7 13 |
Douglos DC6B ........ OB AT e e o PR A e 11 14
Dauglas DC-T .. iiiiarrmnrransrinsssosisensesssns . 8 3 -
RIS O R R R 3 . 5 5 -
DSURNE DETE . oy s ok T N e A R & 3 — 3
Lockheed Super Constellation 1049G. ... ........... Gy — 2
Lockheed Super Constellation 1049H..... AT & 1
Moo oo immneiaiinss i Eay e T - -- &
TETAL s aviivasesbanas s e P T Dy |1 32 48

TURBOJET

BOBIBE JU e i S i R R e e 2 11 11 —_

‘ Boeing 707 ..... R R T R TP | 78 14 |
Boeing lntercontinental . .......ccoiinrrnrinnnnnnnnnee. 59 17 42
TEIMIIIE. v 0 bk e o g e e . R 2 26
Comet IV ...... R R R R e S FETETp A | — a1
Convair BBO ..... e AT P R Rl . 7 49 B

_ Douglas DC-8 ...... AR R R SRR vons 140 100 40
Vickers ¥YC-10 ........ A O R L b R e 35 — a5

‘ PEEAL: onse SRS PN saviesaas B8 257 198

TURBOPROP
Bristel Britannio . ...uvuiriiicnnons Tt P VP FEPIPI  . ) 3 22
Fairehild P27 ..vviiinvrinsnnnsarensnn PP TRASIN. .. 33 14
Fokker Friendship ........ AR S e — 29
Lockheed Electra ....oovcvvveconss R R R R | 119 24
Yickers Vanguard .......... L L o Ao B PR ot O 40 — A0
Yickers Yiscount 700 Series..............,. e L e S - 33
Vickers Viscount 800 Series....consnsernsciionscsseesnes T 15 59
TRITAL: s sias i e e I W et g (AR 172 243
AACRIEE. RRRRE - oon oo inmc s i s Bt i st 50 441 489
As Compiled by Air Transport Assn,
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AIRLINE OBSERVER

» Industry controversy over the no-show control plan has been building
rather than casing since a compromise agreement was adopted last month
by the Air Trafic Conference following American Airlines opposition to the
plan (AW Mav 26, p. 39). Possibility is now strong that a majority of trunk-
lines will resist anv effort to water down either the reconfirmation or mini-
mum tme hmit on ticket pickup phases of the plan, although most airlines
will be willing to let the 55 penalty plan drop from the picture. A sharp

split will result with American supporting a more flexible plan, while Fastern
will lead forces advocating the ? in its present form.

» Hearings by Civil Aeronauntics Board on the Las Vegas midair collision on
April 21 may extend bevond the scope of normal accident investigations.
CAB is hopeful of taking a deeper look into the relationship of civil to mili-
tary trafhic and wants a report on the case that will detail the over-all problems
basic to the collision hazard.

» Greenwich Meridian Time (GMT) will be standard time for all domestic
operations cffective June 15, All flight plans will be filed by GMT and all
Civil Acronantics Administration airwavs and navigation procedures will be
conducted with GMT standards, Passenger schedules and published arrival
and departure flight times will not be affected. Purpose of the action is to
get a closer integration of international and domestic navigation procedures.
Airlines have been preparing for the change-over since last October.

* Acroflot, Soviet-owned airline, is converting all its 18-seat, twin-engine
[I-14F transports to accommodate 24 passengers, “thus producing many mil-
lions of rubles additional revenue annually.” The modification, which re-
quires strengthening the lower part of the fuselage, will give the Russian
[1-14Ps the same seating capacity as the newer, longer [1-14Ms.  East
Germany began manufacturing 26-passenger 11-14Ps last year.

* American Airlines has placed an order with Federal Telephone and Radio
Co. for Tacan-compatible distance measuring equipment (DME-T) to be
mstalled on the carner’s Acet of Boaing 707 jet transports, confirming an
carher prediction by Aviation Week (AW Nav 12, p, 45).

» Presidential fact-fmding board completed its hearings in Washington last
week on disputes between Eastern Air Lines and Air Line Pilots Assn. and
Flight Engincers International Assn. Decision in the case which began in
New York Feb, 10 is expected in about a month,

> U.S. has won ats Aght for a cat in its annual contribution to the Inter-
national Civil Aviation Organization, although the amount of the reduction
18 not as great as onginally sought. As a result of U.S. position, entire 1ssue

of member assessments will be studied before further adjustments in con-
tributions are made.

> Rate of return of Class 1 railroads declined to 2.729 for the 12 months
ending April 30 frem 3.87% for the same period in 1957, according to an
estimate by the American Assn, of Railroads. Net income for the group
dropped to $121.5 million for the first four months of 1958 from $295.6
mlen reported for the hrst four months of 1957,

* Air Coordinating Committee has scheduled an intermational svmposiam
on *U. S. domestic short distance n: wigation svstem—Vortie—and its relation-
ship to the intcrnational air nmlglhuu system.”  Invitations to aviation
officials and agencies in foreign countries are being issued throngh the State
Department. TCAO has scheduled a special meeting in February on short
cistance aids and their relationship to other clements of the air navigabion
svstem.

» Northwest Airlines will defer implementation of its fecentlv-granted Chi-
cago-Miami route until after Oct. 1. When service begins, the airline will
offer first class service with Boeing Stratoernisers, coach service with DC-6Bs
and a combination fust-class/coach service with DC-7Cs.

SHORTLINES

» Civil Aeronautics Administration has
published a booklet on regulations and
procedures for administration of the la-
bor and wage provisions of the Federal
Aid Airport Program. The hbooklet,
“"Federal Aid Airport Program, Labor
Standards and  Enforcement  Proce-
dures,” was prepared for guidance of
airport project sponsors and contractors
performing work under the program.
Booklet can be obtained without charge

from Cimil Aeronautics Administration.

Washington 25, D, C.

» Fastern Air Lines has taken delivery
of its last piston-powered airliner under
its 5435 million Lx;]mimn program,
The Douglas DC-7B 1s the last piston
airliner to be dLIl"l.Ll'E{] hefore Lock-
heed delivers the frst of Eastern's flect
of 40 Electra turboprop aircraft. First
Flectra delivery 1s scheduled for Sep-
tember.

» Picdmont Aviation Inc. in its finan-
cial report to stockholders, on the first
quarter of 1958, says the airline expects
first delivery of the Fairchild F-27 in
June. The aircraft will be used for
training purposes during Julv  with
||1]'LL more I--27s scheduled for deliv er

1 August. T'our additional F-27s are
ﬁl:‘h{?du]{:d for delivery in September and
(October.

» Trans World Airlines has filed formal
notice with the Civil Aeronautics Board
fnr temporary suspension of its service

Topeka, Kan. TWA savs Central
"!.lr]nlu a local carrier that will soon
begin service between Kansas City, To-
peka and Wichita, 15 in the best posi-
tion to accommaodate Topeka's traffic
flow to both Kansas Citv and Wichita,

P United Air Lines has mcreased its
weekly flight schedules from California
to [lawaii by 36%, with 30 Aights
weeklv in each dirtcrinn First class
ﬂ]ghh from Los Angeles to Hawaii have
been mereiased from four to seven and
coach service from seven to nine cach
week, San Francisco-Hawan  first class
service 15 up from four weekly to hve
and coach from seven to mine.

* 1. 5. Post Office Department’s new
regular 7-cent air mail stamp will fea-
ture pictare of a composite turbojet
transport. The stamp will be available
on Ang. 1 when the new postage rates
go into cffect.

* Flying Tiger Line air freight revenucs
during April totaled $936,226, the high-
est ever recorded for that month. Trafhe
showed a 14% gain over Apnl, 1957,
when revenues totaled $821,832.
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. The Avro Arrow is
shown in fight during test
manocuvres over Ontaro.

The Arrow weapon system is a
bomber-destroyer having super-
sonic mission capabilitics, g

The Avro Arrow is as big as a World War I bomber vet took off on ils
first flight in only 3,000 feet of the 11,000 fool runway at Malton, =

AN ARROW
IN THE SKY

Since its first flight on March 25th,

the Avro Arrow has been meeting
the vigorous demands of its exten-
sive flight test program. Proceeding
according to plan, the Arrow flew
faster than sound on its third
flight, and more than 1,000 miles
per hour on its seventh flight.

AVRO AIRCRAFT
LIMITED

MALTON - CANADA

MEMBER: A, V. ROE CANADA LIMITED & THE HAWKER JIDDELEY GROUF



FORGINGS...any type

from Harvey Aluminum

WHEN IT COMES TO FORGINGS, REMEMBER: Harvey Aluminum makes
any Lype...any size...any quantity...in all aluminum and titamum alloys.
conyv El"lli ﬂhal rin g And |‘|1'.IJT"r'I;':jn"f1_ rrmi'p."ﬁ.u'lf_ v |'I|"f|"|i’,','.l"f.||'||'|'.'l’lr facilities !;{i‘u’: }':‘!ILI price, {!E]iﬁ'crly'_ quu]i[.:u'.

! ¥ and service. For more information and technical assistance on forgings, wrile
direct to Harvey Aluminum, Torrance, Calif., or contact the nearest Harvey
Aluminum factory branch listed under *“Aluminum™ in your classihed directory,

press, no-dratft,

hand, smith

For new [ree brochure, Mill Products and Allovs,

write Harvey A]L:mmum Torrance, California.

A majar independent producer of quality aluminum in all alloys and sizes: Pig, ingot, billet,
reed aned bar, pipe, tube, hoflow sections, press forgings, forging stock, hand forgings, in-
pacd exirusions, efectrical bus bar, structaraly, special shapes, light and heavy press extris
ghans, serew machine and other alinifngm products. Stenilar prodacls in Htanium, zircotinm,
and sieel. HARVEY ALUMINUM SALES, INC., Torrance, Califearnia.
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MISSILE ENGINEERING

Bomare Checkout Unit Simulates Flight

Dallas—Missile  exerciser  developed
for the Boeing Bomare can provide an
operational checkout of the interceptor
missile’s guidance system by simulating
flight nmtmm

Built by Space Corp. from a Famns-
worth  Electronics Co. design, the
Bomarce flight simulator can be used
for PL[i{}{]iE checkout of the mmssile
when it goes into storage at operational
bases. It can also be used for prr:ﬁlght
checks.

Part of System

Simulator 15 part of a complete sys-
tem for checking out Bomarc and its
components hILIng developed by Farns-
worth.

Space Corp. has built three of the
machines, and three others are being
fabricated by Baldwin-Lima-Hamilton
Corp.

Bomarc exercisers have been delivered
to Cape Canaveral, Fla., and to Boeing
Airplane Co., Seattle. They are used
in the test program now, but they are
designed for use as operational test
equipment to keep Bomarc in peak
condition mn the feld.

The machine has not vet been or-
dered in quantity,

Missile exerciser can simulate roll,
pitch and vaw motions. Bomarc is
clamped on the machine and put
through a series of automatically pro-
grammed tests.

Program provides a readout on the
instrumentation system from outputs
designed into the missile to facilitate
testing.

l':x-r_']‘-l','i‘-i-:,'l' 1s a 30,000 1b, complex of
heavy steel frames and complicated
linkage.

[t is 26 ft. long and 10 ft. wide,
and its H-beam base i1s bolted to a
concrete pad.

Above the stationary main base are
three separate frames. Yaw frame is at-
tached to the base Hmmgh a central
beanng, and the pitch frame sits on the
vaw ftrame and is attached to it. The
roll cradle is suspended in the pitch
frame, and the Bomare 15 clamped in
the toll cradle.

The 7,400 1b. dummyv used to test
the exerciser is loaded with an overhead
crane, and presumably Bomare will be
loaded the same way.

Can be Tuned

Unique feature of the exerciser is the
fact that it i1s a tuned system. Its fre-
quency of motion is two cvcles per sec-
ond, and this rate is constant to all
three motions. The machine is driven
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by a standard type of hydraulic system.

Torsion tubes are used to get and
maintain _frequency and amplitude.
Spring effect is actuated by a boost
from the hydraulic system, then the
system automatically feeds impulses
which are just strong enough to supple-
ment the spring motion -,'I]'IE]. maimtan
amplitude.

Yaw frame moves 4.5 in. from the
center line in each direction for a total
movement of 9 in., and other mo-
tions are on the same order. Missile
goes through vaw, pitch and roll mo-
tions one at a time, and when one frame
is 1n motion, the two quet frames are
locked. Testing can move from one
motion to another i anv sequence.

Hydraulic Locking

Quiet frames are locked by hydraulic
cylinders w hich drive lock pins. L ocking
is automatic. The machine is uld -
tionally equipped with an over-ampli-
tude switch which shuts it down when

amplitude exceeds the operating rate.

Machine is driven by a variable dis-
placement piston pump with booster.
It takes 800 psi. to run the unit in all
motions, but it is pressure tested up to
1,500 psi.

Bomarc is attached to the roll cradle
with two large clamps. Cradle also has
an elevating screw mechanism which
presses against the missile’s ramjet out-
riggers, giving added ngidity and a

leveling effect.

Air Transportable

Missile exerciser 1s air transportable,
along with the rest of the Farnsworth
system,

Exerciser's |:-f1rt1|JIi1h 15 limited by
the tact [Imt it needs a concrete 1]1d

Farnsworth svstem has 40 picces of
test equipment for checking out the
missile and its components, all of them
of a go, no-go tvpe. System is designed
for use by urdﬂ'mn airmen with no ex-
tensive technical training.

Jupiter Nose Cone Survives Re-entry

After successful 1,600 mi. flight from Cape Canaveral, Fla., Jupiter intermediate range
ballistic missile nose cone is recovered and packed into steel shipping container for trip
back to Army Ballistic Missile Agency. Ablation of cone surface, apparent near base, served
to keep re-entry heat from penetrating shell and enabled cone to remain intact.
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MAGNETIC tape drives behind control console of IBM 705 electronic data processing unit.

L

Norton AFB Will Process Data
To Expedite Missile Logistics

San Bernardino, Calif.—Flectronic
data processing center for direct sup-
port of ballistic missile program was
officially opened here at Norton AFB.
Scheduled to be completely operational
in Julv, the center will be managed by
Directorate of Ballistic Missiles, just
formed for this funchion i Air Mate-
ricl Command’s San Bernardine Aar
Materiel Area, headquarters located at
Norton.,

Data processing system will be able.
in a matter of minutes, to handle diffi-
cult logistics problems associated with
the Atlas and Titan ntercontinental
ballistic missiles and Thor intermediate
range ballistic missile, and to expedite
mAnagement achions 1n connection with
u1|'.n]3h naintenance,  transportation,
quality control and other factors. This
operational  capability will allow  ex-
tremely  fast haison  between AMCO's
Ballistic  Missile Manager Maj, Gen.
Ben [ Funk, ballistic missile operating
squadrons, supporting AMC bases and
missile contractors to institute vital ac-
Hon 11 nunimum ]upw of time., In
some cases the svstem is expected to
reduce stock Stlp]ﬂ". requirements from
45 to 15 days.

Heart of data processing svstem 15
seneral-purpose  digital computer, In-
ternational Business Machines Corp.'s
IBM 705. Lr.]-:mpurur will accept data
from operational umits, pass informa-
tion to weapon svstem storage sites,
depot or contractor, and set 1n motion
the airlift responses. Transaction infor-
mation will come over transceiver net-
works i and out of the control loca-
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tion, backed by teletvpe circuits, 'This
communications svsten will connect
the data processing center to the AMC
transcerver network and with Air Force
admimistrative teletvpe network, Air-
commnet.,

Number of transceivers the data proc-
essing center's installation can accom-
modate is limited onlv by space con-
siderations.

IBM engineers, i conjunction with
scveral other communications manu-
facturing companies, 1s studving specific
wavs of operating transceivers with
MICTOWAaVES.

In the arca of mventory control, the
center will: |
® Permit worldwide accountability and
control of assets, automatic resupply
and precise up-to-date record data.

e [Facihitate requirement and  budget-
buy computiations. |

e Enable ballistic missile manager to
balance stock levels at optimum points,
e Minimize problems of disposal and
obsolescence of equipment.

e Give accurate data for most cconomi-
cil use of transportation,

o Aid m catalogmg and preplanning of
maintenance schedules and workloads.

About 200 Air Force personmel will
be on 24-hr. dutv at the processing cen-
er.

Five full-time IBM technicians will
be assigned there to handle the center's
equipment maintenance.

[BM 705 computer, expanded greatly
at Norton by the addition of mam
auxiliary  components, will iclude 30
magnetic tape units, each capable of
storing five million tvpes of information.
SV stem i expected to ultimately requure
more than 5,000 recls of tape in its
library.

Indications are that Air Force is also
thinking of applving the clectronic data
processing svstem to aircraft logistics,
because of the increasing mmplmm
of weapon systems. In such a case the
processing svstem would have to he
keved with mmhal projection of the
weapon svstem,

Key personnel associated with  the
processing center at Norton are May.
Gen, E. W, Anderson, commander of
San Bernardino Air Materiel Area, Col.
Philip B. Foote, heading the newlh
created Dhrectorate of Ballistic  Mis-
siles, and Cal. Robert E. Kirtby, wha
will direct techmicians i the operation
of the center.

MAGNETIC tape units at Norton AFB store data relating to ballistic missile logistics.
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British Conducting
Shock Tube Tests

Teddington, England—Nme months
of shock-tube tests at the National
Phvsical Laboratory here have con-
vinced British scientists of two things:
eShock tubes are uscful tools for hyvper-
sonic and physical studhes,

e American data, obtained in about a
dozen shock tubes in Im]f a-dozen loca-
tions, is “quite accurate.”

National Physical Laboratory's hvper-
sonic shock tube, built as a dev L*h]]llm_nt
item for a planned tube, has a 3-in. dia.
in the driver and a 15%-in. dia. working
section,  Mach numbers of 1ppm-.1=
mately nine can be reached at a simu-
lated altitude of 200,000 ft.. with an

upstream pressure of 200 atmospheres.

Bigger Tube Planned

The next tube will be double the di-
ameter in the driving section, and will
simulate Mach numbers up to 20 and
altitudes down to about 80,000 ft., us-
ing upstream pressures of the order of
1,000 atmospheres.

In addition, National Phvsical Lab-
cratory scientists have designed a hel-
inm  tunnel and s now operating a
small water-cooled electric arc tunnel.
If funds become available, they intend
to build the helium tunnel and mayv
possibly invest in a condenser bank for
operation of the electricare tunnel
similar to the “Hotshot™ tunnels devel-
oped by engineers of the Air Research
A nl}tL]ﬂP]tltl‘ll' Command’s Arnold
Fngineering Development Center (AW
Feb. 24, p. 34).

Scientists working on the shock tube
tests acknowledge the leadership of the
U.S. in this arca of mvestigation, and
envy the number and variety of these
installations in Amernica. “About all
we've done so far,” said one, “is to con-
firm that Avco turns out accurate and
highly useful data.”

Photography Objective

A basic investigation in the National
Physical Laboratory shock tunnel
centers around the physical mechanism
of starting. The whole problem is to
ect a time sequence of pictures as the
shock wave passes the object in the
tunnel, all in the interval of a fraction
of a microsecond. A standard ballistic
camera of the Cranz-Schardin type has
been adapted by National Phvsical Lab-
oratory technicians to do the job. The
camera takes eight pictures in sequence
at the rate of ;hr}nl three per micro-
sccond. Hooked into the schlieren sys-
tem, the camera supphies eight lugh-
intensity pulses of light made by a spark
gap.

The light sources are spaced on a

SPHERE in British National Physical Laboratory hypersonic shock tube glows at speed of
about Mach 9, simulated altitude of about 200,000 ft., stagnation temp. about 7,500K.

TWO bumps at head of shock wave above are resistance thermometers,

H :.'I:uermnii: ETO-

dynamic studies are made in 16-in. working section of British development shock tube below.
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Erector towers for USAIs Titun intercontinental ballistic missile are being constructed at
Kaiser Steel Corp.'s Steel Fabricating Plant at Montebello, Calif. Above, |‘|E1'|.'lr:.' steel
section of basic tower structure 15 welded. The Martin Co. 15 plimt: contractor for Titan.

Titan Missile Ground Support Equipment
Includes Steel, Aluminum Erector Tower
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Over-all view of heavy steel section of tower is shown above. Bottom photo shows the
alumimun manway and ladder which run vertically alongside the erector tower for the

complete missile.
the structure.

-
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Access platforms to different levels of the tower are at the right of

circle around the central lens of the
schheren svstem, and register the pic-
ture in mirror-images on a  standard
photographic plate,

In the phvsical-study shock tubes,
three-centimeter microwave equipment
15 being used to study the electron dens-
ity of a high-speed shock system, The
importance of such a study is hinted at
by knowledge of the high {lLErLL of 1on-
ization of air at the nose of a ballistic
missile.

Tracking Telescopes
Use Special Gears

Reduction drive of an 84-ft, dia. radio
telescope for tracking mussiles, satellites
and stars has a maximum gear ratio of
1.440.000 to 1.

I'inal reduction of the drive is a 50
in, center distance double enveloping
worm gearset. Stationary gear is cut
into the outside diameter of the steel
race of a large ball bearing which sup-
ports the paraboloid antenna. 'The
bronze worm tracks around the gear at
a rate of one revolution per day.

Gearset unit was fabricted by Cone-
Drive Gears Division, Michigan Taol
Co., Detroit, Mich. D. 5. Kennedy &
Co., Cohassct, Mass., is in the process
of building six of the telescopes for m-
stallation in various parts of the world.

Bomarc Control Job
Goes to Westinghouse

Woestinghouse Electrnie Corp. will de-
velop and test an advanced ground con-
trol svstem to guide the Bomare air
defense mussile. Contract, approximat-
ing S10 I1I1”I[HI will be undertaken by
’rln_ company’s  Flectronics Division,
Baltimore, Md. Prime contractor for
the project is Boeing Adrplane Co.

Project, concurrent with Boeing’s
over-all advancement of Bomare weapon
system, calls for development of ground
.gmdnm,: of the missile to a point where
Bomare's built-in terminal guidance will
take over and lock the missile on target.

Advancements called for include:
control of the missile over longer
ranges, abilitv to “trade” mformation
nLIl'f]lTla_ltllf_.I”‘n with other Bomarc
eround systems, rednction of equipment
size and the ability to track more targets

simultaneously.

Lockheed Division Expands
Navy Polaris Development

Lockheed Missile Svstem Division
will expand Navy owned Polaris devel-
opment facility at Sunnyvale, Calif. Of-
ficials said accelerated tempo of entire
Polaris program has advanced second
phase date onginally set for next year.

Draped with heavy canvas protective cover, Jupiter intermediate
range ballistic missile is loaded onto Douglas C-124 for shipment
from Army Ballistic Missile Agency at Huntsville, Ala., to USAF
Missile Test Center, Cape Canaveral, Fla, Jupiter is transportable
by ground, sea or air. First full-scale IRBM nose cone to success-
fully survive re-entry into the earth’s atmosphere was launched by
an Army Jupiter from the USAF Missile Test Center, Cape
Canaveral, Fla. (AW May 26, p. 38).

Jupiter Prepared
For Launching Test
BT

Missile technician works in nose section of Jupiter (arrow, left). He probably 15 adjusting avionics instrumentation. Portion of gantry crane
is at right of picture. Photo at right shows entire missile and support complex, with gantry in position at the launch pad. Exhaus-
hive tests are made on missile and its control equipment until just prior to the actual kiunching. Gantry moves to a safe distance some
time before Jupiter is fired. Markings aid visual tracking,
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Heaters

...and reliability is imperative!

If the time comes for ACTION...when every second
is precious...there will be no time for high-precision,
screw-type electrical connectors where slight mis-
alignment could cause difficulties.

That will be the time when the new Cole Connectors®

will prove their worth. For this entirely new type of
connector does not rely on precision tolerances or
screw-type couplings to function properly. The
unique two-ball-and-socket principle of its contacts

autmmncally compensates for imperfect alignment
Emt. enables it to withstand rough treatment,
h:,ﬂ.‘, shock and vibration.

In addition to this outstanding advantage, the Cole
Connector can be made to make or break any num-
ber of contacts simultaneously...thousands if neces-
sary, yet can be manufactured economically in small
quantities. It may provide the solution to your con-
nector problem. Send us your requirements and we
will determine if it is applicable.

NEWS FLASH! Cole has now miniaturized this principle for plugs similar to
AN connectors and will consider special developments.

= o B
k

Gun Fire Rocket Limit
Transformers Rocket Mounts Switches '

*Patent applied for

ELECTRIC CO.

8439 Steller Drive

AERONAUTICAL ENGINEERING
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FLIGHT view of McDonnell F4H-1 shows aircraft in traffic pattern, gear and flaps down. Note extended droop in horizontal tail.

F4H-1 Stresses Range in Navy Order Bid

Navv's new McDonnell F4H-1 et
hghter, which has just made its frst
ﬂ1g]1t appears to be roughly comparable
te competing Chance "umtr'rhr F5U-3
at altitudes below 60,000 ft. since both
aircraft have same speed it above

Mach 2.

Carrier Aircraft

Both aircraft are designed for Navy
carrier service but apparently the choice
will depend on actwnal mission capa-
bilitv, ""u[t[}mmf_]l F4H-1 reportedly
has greater range and can perform
trachitional carrier mission of crmse to
assigned sector, loiter while waiting for
target, engage in combat for five min-

utes and cruise back to carnier. With
one engine shut down, the F4H would
gain additional rangc.

However, FSU-3 has greater altitude
cepability because of rocket engine.
‘ﬁ.lnmmml:ﬂﬂm and turn ]'JLl'fi".lrﬂmllt'L
of Chance Vought aircraft thus would
be supenor above the 60,000 tt. alt-
tude, observers feel. Aircraft made its
first flight last week.

Iht, McDonnell hghter wings are
swept back 45 deg. Aircraft rlrnu pilot
and radar observer (AW June 2, p. 21).
l"tmerp]anh are two (General I*Iu‘:trlt
|79 engines producing 10,000 1b. thrust
each; use titanium sheeting near twin
tailpipes.

Engine inlets appear to be variable
umml‘n type in which a hinged ramp
;u]]mh diameter for maximum cth-
ciency, similar to that used on Con-
vair  F-106  alloweather interceptor.
['4H-1 also is equipped with drag chute
to slow landing roll.

Anhedral Wingtips

Anhedral wingtips are said to mm-
prmL stability and control by offsetting
23 deg. negative dihedral of horizontal
tail, -:a!mmiill} at high angles of attack.
Unusual tip confguration also offsets
any pitchup tendencies.

Plane can be equipped with four
Sparrow [II air-to-air mmssiles and also
15 capable of long-range delivery of con-
ventional and nuclear bombs,  Aircraft
15 said to have greatest range of any
Navy jet fighter.

REfuLllng can be accomplished at
supersonic speeds by probe and drogue
or bv buddy systems.

The aircraft is 56 ft. long, has a wing
span of 38 ft. 5 in. |

J. §. McDonnell, president of Mc-
Donnell Aircraft, said 4,202 emploves
now arc working on the I'4H-1 ]nﬂp_f_’f
He said 6,800 man-hours were ex-
pended on the design and construction
of the initial aircraft before its first
flight.

Discussing the cconomics of Mec
Donnell Aircraft's entry into the super-
sonic, carrier-based interceptor  field,
""-.I:_l']mmLH said st thlm of em-

-"'. - a i i s e
& e City Gl i Ectcs oo _— | ployment at the_company wonld be
L[XJ oy uiver Lity, Ldill. Connectors) for ground- SPARROW Il missile, geometry control inlet hinge can be seen in this F4H-1 runway view., d.,;]-;.;_ I'I{5|f.l‘lt to a very CUI]‘-H!LT.[']IEL de-
Frequency- 2 TE 0-4701 power check-off of
Sensitive Selector Circuit GUIDED MISSILES
Intervalometers  Bomb Racks Relays Switches Breakers



gree on the ?*-.un 5 ,lu,:?pnnr:L of the
11' e for velume |}t:1|:1m:h{m

FAH-1 Subcontractors

He stressed that approximately 1,500
subcontractors and suppliers fmm 23
states are involved in th:. F4H-1 proy-
ect.

About 400 of those companics are
located in the metropolitan St. Louis,
_’\I{J . Area,

“The ability of our planes to destroy
enemy aircraft 1s no longer deLmiLut
solelv on speed, range or “altitude capa-
bilities,” MeDonnell contended. “To

do the job todav, our planes must be
considered as part of a complete
weapon svstem that also includes spe-
cial radar, novel detection means and
guided missiles.”

He referred to the advantage of
ridar operators in missile firings and
added:

“The fact that the (IF4H-1) has two
engines 15 certain to mean a higher
survival rate in training and combat
operations,” |

IF4H-1, he continued, is designed
with a “hberal allowance for gr:}wth
potential.”

Kaman Laboratory

Construction Starts

Bloomheld, Conn.—Kaman Aircraft
Co. has broken ground for new engi-
neering laboratory building which will
be Lmup]utul Sept. 1.

Laboratory, which contains 9,600 sq.
[t of floor area, 15 locited near 34.000
si. ft. engineenng and administration
building now under construction,

New laboratory is steel frame with
masonty walls and two ribbed galvan-
ized steel walls.

"1'11",1
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General Electric Tests Aft-Fan Turbojet Engine

Military version of General Electric Co.'s
C]-805-21 aft-fan turbojet engine is shown
above being wheeled into test room. Engine

+ing readied for fAight test on USAF jet
tankers. It has undergone several months of
testing at General Electric’s Evendale, Ohio,
facility (AW May 26, p. 33). Aft-fan com-
ponent (right, above), shown in final assem-
bly stage, is added to basic gas generator in
three sections. lest imstromentation 15 visi-
. ble. Rear frame supports fan. Fan wheel
is not mechanically coupled to CJ-805-21
engine turbine rotor. First cross-section of
the engine (right) shows free-floating tur-
bine which drives fan, with only aerody-
miamic connection between turbine and three
turbine stages of the basic engine. Free-
Hoating turbine is supported by a bearing at
cach end of the shaft. Power-turbine stages
are supported by conical shaft.

AFT-FAN +
EXHAUST

FREE
FLOATING

TURBINE

¥

e

it |
Hiller Helicopters artist’s conception (above) of a tilt wing airline
transport of the future indicates that the aircraft wonld be designed
to operate from bases near metropolitan centers. Tilt wing's versa-
tility wonld permit conventional takeofts and landings from convens
tiomal TUNWays with resultant fuel savings. Below, Hiller constructs
Air Force X-18 tilt wing research transport at Palo Alto, Calif, Full

span of the forward wing section is in the foreground. The wings
will tilt at 90 degrees.

Hiller Assembling Prototype
Tilt Wing X-18 for Air Force
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153 Designed for Maintenance in Field

— o —— -

AXIAL-CENTRIFUGAL COMPRESSOR is designed to keep number of blade stages and
engine length to a minimum. Turbine output shaft passes throngh the compressor’s hollow
shaft to permit placement of reduction gearing and power output at forward, cool area.
Lycoming has plans to make centrifugal stage of titaniom to reduce engine weight and
acceleration Hine. Below, the pre-production engines are shown in their final assembly
stage at Stratford plant,

By Erwin J. Bulban

Stratford, Conn.—Design of Lveom-
mg's 153 860-shp. turboshaft engine
1s aimed toward ruggedness at the sac
rifice of some weight mhing m an at-
tempt to |:ll'{l'l.1dl.i rchability 1 the feld
where minimum of maintenance facili-
ties and trained personnel may be avail-
qable.

Primary consideration was giu,n b
the Armyv mission imvolving operations
close to the battlefield.

These parameters resulted in the
153 having these basic features:
® Compressor of axial-low configuration
for the hrst five stages, plus a centri-
fugal impeller as the final stage. Rea-
son for this, in addition to reducing
the engine's length, was to avoid high
number of 1'{1.1] stages and attendant
multiphcity of sm: all axial blades that
Lveoming e¢ngineers felt would increase
initial uhn‘lufl{turni" costs and spares
requircments and 1|~.-.: be more suscep-
tible to foreign object damage.

e Combuster of annular external con-
hguration also houses the power turbine
as part of the combuster assembly, pro-
viding short length. OQuick removal
provides easy access to all engine hot
parts; reverse-flow design 15 aimed  at
even radial temperature distribution at
the turbine mlet to mcrease lhife of
turbing components,

® Turbine output shaft passes through
the T53’s hollow compressor shaft al-
lowing reduction gearing and power
output to be placed at the cool front
arca of the engine, Short engine length
aided this placement of the shaft,

Market Potential

Like General Electric, which 15 plan.
ning a wide inchhtrial market for its
T58 (AW Mar. 17, p. 52), Llcmmng
15 studying numerous ‘i]]|]]l[ itions  of
the T53 for civihan and military use
including ground power guwm’mm and
i marine vehicles. Like the T58. the
Lycoming engine is also being studicd
for use in ?‘-Lm s new class of |1!.:Irnf{1|]
equipped high speed landing craft, on
which several research contracts have
been let,

Aviation applhications thus far include
hrm production programs such as the
Bell HU-1 (formerly H-40), Kaman H-
43B, Vertol 107 and Grumman AQ-]
Mohawk turboprop: other installations
include the Doak X-16 ducted fan
VTOL rescarch aircraft, the Rvan "'l.’r:l'-
ipllm, vectored aiipwr{:mn VTOL
scarch plane and the Vertol 76 tilt-wing
VTOL. Test-bed installations include
the H.'mmn HOK-1 and Vertol 105 heh-
copters. Engine has compiled a total
of some 1,000 hr. of operating tmme,
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with approximately 450 of these bemng
flight tune.

T53-L-1 recently passed its 150-hr.
USAF qualification trials at 860-shp.
rating, an improvement over the 825-
':-]'||} it was rated at prior to the test.
This qualification trial was of consider-
able importance to the Stratford plant
considering that USAF-Army had earlier
given it a production contract totaling
approximately S10 million calling for
initial deliverv of engines next Janu-
arv. Engines contracted for are sched-
uled for the Bell HU-1 and Kaman
H-43B helicopters.

Lycoming production plans call for
initial :mtput of four or five T53s
monthly; company expects to produce
in excess of 500 engines by 1960 with
]}mchtrtmn geared to lppr:hmmt{_h 50
153s a month.

Cost Should Drop

This production quantity mav bring
cost of the engine down to 365 per
horsepower, further decreasing to ap-
proximately S35 per horsepower in 1962.

In addition to the T53-L-1 turbo-
shaft, Lycoming is also counting on a
market for the turboprop version, desig-
nated T53-L-3, slated to deliver a min-
mum military takeoff power of 960 shp.
plus 113 1b. residual thrust for a total
of 1,005 eshp. at 1,700 propeller shatt
rpm. and providing specifical fuel con-
sumption of .655 at takeoff power.
I'uel specific i1s slightly improved over
the T53-L-1, which is given as .673
Ib./eshp./hr. at military power.  In-
stallations include single and dual con-
figurations, the latter providing high
takeoff power with advantage of being
able to shut one engine down for op-
timum cruise charactenistics for com-
mercial or military missions.

Lvcoming foresees developing the
T53 turboshaft engine to more than
1,000 shp. by increasing operating tem-
perature; 1t also plans to develop the
turboprop T535-L-3 in stages. Current
version, delivering 960 shp., could be
boosted to 1,050 shp. using new gear-
Ing arrangement and further power gain
made to 1,250 shp. by incorporating
some transonic stages in compressor.

Also in the works 15 the larger T55-
L-1 delivering 1,676 eshp. at takeoff at
1,320 propeller shaft rpm. and specific
fuel consumption of .648 and a turbo-
shaft version, the T'55-L-3 with similar
performance characteristies. T55 weight
15 about 600 1b. As vet Lvcoming has
not been able to develop sufficient “mili-
tarv  interest in progr. mmung these
more powerful units. TS5 is currently
running on the test stand.

T53s axial- -centrifugal  compressor,
designed to achieve pressure ratio of
approximately 6:1, consists of five wheels
holding stainless steel low-hardness-level
nmlrchtp blades for the initial stages fit-
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BASIC MAKEUP of T53-L-1 is to use magnesium in forward, cold section; steel in hot
section. Major components of powerplant include: 1. Split compressor housing and vane
assemblies; 2, Compressor rotor assembly; 3. Air inlet hounsing; 4. Main oil filter; 5. Power
oulput gear assembly; 6. Torquemeter carrier and gear assembly; 7. Planetary sun gear
assembly, 8. Accessory drive carrier assembly, 9. Accessory drive gear box and oil pump
assemblies, 10, Overspeed governor and tachometer drive assembly, 11, Diffusor and first-
stage nozzle assembly, 12, First-stage turbine wheel, 13. Second-stage nozzle assembly, 14.
Combustion chamber assembly, 15, Power turbine support assembly, 16. Fire shield assem-
bly and 17. Support cone -ws-:mhlj.
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INTERNATIONAL DELINQUENCY

Nuclear weapons ready to be delivered by jets and missiles
are vital. But in cases of international delinquency,

they would be like city police using tanks to

prevent a rumble by juvenile delinquents.

United States Navy carrier groups, like cops on
their beats, protect our citizens, make
rescues, and keep the neighborhood quiet.
If called on, they can restore law and

order with a wide choice of weapons from

a complete arsenal. Carrier groups are

also our best protection against
submarines capable of launching missiles,
plus being a deterrent to all-out aggression.

GRUMMAN AIRCRAFT ENGINEERING CORPORATION - Bethpage « Long Island « New York




COMBUSTION CHAMBER with power
turbine can be removed as a unit for ready
access to engine hot parts without need
for taking ont entire engine.

red together with five spacers. The axial
compressor sections and the centrifugal
rotor are tied together by a sleeve which
is screwed into the compressor stub
shaft.

First ring, forming a beanng support
unit, 15 steel, other four rings are alum-
mum; spacers are steel.

Titanium Proposed

Centrifugal rotor on current produc-
tion engines is steel, but Lycoming 1s
pLummg to go to titanium for this
wheel on a later model, cutting some
[1 1b. from its weight and rf:r:hh:'ing
acceleration time by 1 or 14 sec.

Compressor blade retention utilizes
simall pins retained to pins in the blade
dovetails. Blade dovetail has a slot ex-
tending only approximately  halfway
across it.

I‘or mounting, blade is shd over
a tab washer until the half slot hits
the stop pin, then the portion of the
tab washer jutting out is bent upwards,
liolding the blade in place.

No 153 COMPIESSOT unit has been
lost in operation, Iunmmg reports;
company notes that fabrication of the
blades permits them to bend, rather
than break, should thev encounter for-
cign objects such as bolts. One engine
swallowed a quarter-inch bolt that came
free from another part of the aircraft;
after the engine was shut down and in-
spected it was noted that compressor
blades were bent and twisted but none
of them had broken loose.

Compressor housing 1s a magnesium
assembly split horizontally, bolted to-
gether for ease of disassembly, Stator
blades are cut from 10-in. strips of
iolled steel and are of constant airfoil
shape, Production cost of these blades
15 cstimated at 50 cents each.
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Five rows of stators are furnace-
brazed to imner and outer shrouds, three
screws holding each stage on each up-
per and lower half of the housing.

Anti-icing provision uses a  hot-air
viillve bleeding forward from the centri-
fugal compressor, taking 400-500 deg.
air to the inlet housing to protect the
mlet guide vanes on top and two hon-
zontal struts.

Diffuser-Combustion Area

After leaving the centrifugal final
compressor stage, the air 1s cig{;mnducl
into a radial diffuser section containing
straightening vanes to eliminate the
swirling and also reduce air velocity prior
to combustion.

Engine diffuser section is also the
main support area for the engine, pro-
viding three mounts, duplicating threc
mounting points on the inlet housing.
Section also provides support for the en-
ging's No. 2 bearing.

Combustion section 15 hied to the
diffuser with a bolt circle that allows
the combustor and power turbine to be
removed easily from the engine for
checking the combustor or for access to
both turbines.

Engine's hot parts are designed for
case of accessibility. Power turbine s
supported within the exhaust diffuser,
which is part of the combustor assem-
bly. Entire assembly, including com-
bustor, can be removed from the engine
without disturbing other rotating parts.
Removal of this assembly provides ac-
cess to combustor hiner, fuel vaporizer,
turbine wheels and stators.

Annular combustion system takes air
from the diffuser, passes it between the
liner and housing and then through
holes and louvers into the combustion
area, where it 15 mixed with fuel vapor.
Openings in the liner pass diluted air
into the combustion area. Burning gas 15
then passed through the first stage tur-

bine nozzie and the first stage turbine
wheel.

Turbimes are single-stage umits con-
sisting of nozzle, wheel and shaft, Tur-
bine nozzle consists of an outer ning to
which vanes are welded to form the noz-
zle. Turbine wheels are made up of
solid wheel disks with each blade held
to the rim by a pin through the wheel
rim and the blade root.

First-stage nozzle and hArst-stage tur-
bine wheel, together with the axial-
centrifugal  compressor, diffuser and
combustor, make up the gas producer
section, the compressor rotor assembly
being directly connected to the gas pro-
ducer turbine wheel.

Power turbine assembly is composed
ot the second-stage nozzle, second-stage
turbime wheel and interconnecting shaft
and gears to the engine output shaft.
Planctary gearing reduces power turbine
speed 3.22:1. Reduction gearing is lo-
cated forward, at the engine’s “cold
end,” to provide greater wh.ﬂnlm and
life of gears and highspeed beanngs.
T53's makeup 15 such that rear drive in-
stallation, as well as power output at
both ends, can be readily handled.

Connected to the producer section
is the power takeoff for auxiliary dnves,
providing up to 30 hp.

Power Control

FFuel and power control unit 1s
grouped in the wasp-waist section of
the engine to maintain minimum diam-
cter. Fuel Aows from the control di-
rectly to the main fuel manifold, enter-
ing through eleven T-shaped injection
nozzles. On activating ignition, fuel en-
ters the starting manifold and into the
combustion chamber via five starting
fuel nozzles. Two of these starting noz-
zles work with the igniter in initiating
combustion, other nozzles assist 1n
flame propagation.

Engine power control is a simplified

COMBUSTION ASSEMBLY open, showing power turbine, right. Power turbine is supported
within exhaust diffuser, which is part of T53-L-1's combustion chamber assembly.
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single lever. Normally, free power tur-
bine rotor speed is controlled by the
power turbine speed governor; gas pro-
ducer turbine speed govermor prevents
the engine from overloading or combus-
tion blowout due to sudden changes in
power selection. Power control lever
covers these positions: 90-93 deg., mili-
tary power; 25-30 deg., flight idle; 10-15
deg., ground idle and 0-3 deg., oft.

Minister Adds Details
On Swallow Project

London—TFurther details of Vickers
Swallow project have been given bv a
government spokesman in the House
of Commons.

Supply Minister Aubrey Jones said
research- on the variable geometry air-
craft had been underway 10 vears when
it was decided last year to move be-
vond fundamental research to the con-
struction of an actual research aircraft
(AW May 19, p. 34).

Vickers Armstrongs was invited to
submit a proposal based on the Barnes
Wallis rescarch.

“The proposals were for the con-
struction of a research aircratt whach
might prove the foundation for a
bomber to suocceed the supersonic
bomber,” Jones said. “In other words,
it was a research aircraft which might
be the foundation for a post-supersonic
bomber.”

The supersomic bomber, however,
was canceled following the 1957 De-
fense White Paper,

“Accordingly, [ informed Vickers
that the proposal in the form m which
they had counched 1t could no longer
rank high on the list of prionties,”
Jones sawd.

“But I added that the Ministry of
Supply was still extremely interested in
the whole principle of variable geometry
and invited the companv to submit
alternative proposals, propos: s which
would apply the principle in a differ-
ent form, a form different from that
of the supersonic bomber.”

The minister said that since then,
certain alternative proposals have been
received from Vickers. These are be-
ing examined by British and U. 8. Air
I"'oree ofhcials.

Vickers reportedly is continuing the
Swallow project at its own CXpense.
Until government support was with-
drawn, Ministry of Supply has provided
S0% of Swallow funds, with company
putting up the remainder.

Jones was challenged by a "\ILmhu
of Pariament who declared: “If as a
result of false advice or false economv,
Dr. Barnes Wallis is driven out of this
country, I shall do my best for the
rest of my life to find out who was
responsible and expose him in the pub-
lic eve.” He said some 775,000 experi-
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ments on the project have been carried
out by Wallis.

Wallis, he smid, was almost in despair
lust September because he believed he
was on the brink of one of the most
important discoveries of his life at the
moment the axe came down on defense.
It was for this reason the U.S. was
brought into the picture, it was said.

The government listed for the House
three new aireraft requirements which
it considers “clearly essential”:
¢ Replacement for Beverley freighter.
A spokesman said it is phnnul to con-

tinue using the Beverley as a heavy
freighter until the mid-1960s. It is for
the following period that a successor
15 being sought.

® Replacement for Canberra bomber.
_Elthimgh the Blackburn NAA. 39 (AW
May 12, p. 29) still is being considered,
it may be necessarv to obtain a tactical
strike aircraft which is supersonie, it
was stated.

s Replacement for Venom. Irals for
this aircraft are to be held in the Aden
protectorate this summer, with the
IF'olland Gnat as a leading contender.

COAXIAL Kamov Ka-15 ]lElIE('.IIJ-l‘E[' 15 pm'lr-'.n:d ]:ﬁ 155 hp engine, hﬂS top 'El:l-l:Ld uf 03 ||||1h

Coaxial Ka-15 Designed for Utility

Russia has disclosed rotor system de-
sign details and operating characteris-
tics of its two-place Kamov Ka-15

coaxial helicopter, which it calls “the

pioneer craft of its type in actual use.”

i 'ngr.[‘h-‘.‘ with the larger, four-place
ka-18 “fving ;mtnnmhllu. " the Ka-15
is hailed by the Soviet press as another
example of Russian SUPIEIEACY i acro-
nautical engineering. The USSR claims
that “not withstanding many attempts
to bring coaxial hehicopters to the point
of practical utilization in foreign coun-
trics, nmhmh (there} has vet succeeded
i dmng 1AM

Designer N, 1. Kamov, who helped
build the first Soviet autogiro—the
KASKR-1—-m 1928, started planning
his frst small coaxial helicopter 1n
1945, His single-place Ka-10m “aenal
mfrh]rcj.'tie” was publicly demonstrated
in 1952,

The Ka-15 is powered by a 255-hp.
engine, has a top speed of 93 mph. Jnd
Li r:rumn.i.{ speed of 78 mph. (AW Nov.
25, p. dU). Range 1s 2% to 4 hr, and
'-'.‘L'i]illg 15 10,000 ft,

Special attachments permit using the

ILLUSTRATION 1. Lifting system. 1—
Spring buffer for upper rotor; 2—Hub hous.
ing; 3—Hub sleeve; 4—Horizontal hinge; 5—
Vertical hinge; 6—Axial hinge; u—Centrifu-
gal force; T—thrust developed by one blade;
—Arrows indicate direction of rotors’ turning,
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. . new lightweight
aircraft transformers
withstand extreme shock

and vibration

A line of rugged, hightweight transformers specifically designed for high-
acceleration, high-shock applications has been developed by Westinghouse
Electric Corporation.

High resistance to extremes of pressure, vibration and shock makes
these transformers ideal for many applications in both piston-powered
and jet aircraft, as well as in high-thrust applications encountered just
above missile-launching pads. Fitted with form-fit cases, these new trans-
formers have no resonant points to well above 500-cycles vibration and
ire shock-tested at 50 gravities. They are completely insensitive to very
high differentials of internal or f_J.J-.r_miLil pressure.

Now in production at the Westinghouse Greenville Plant, these new
transformers are available in ratings from 10 va through 5 kva, single-
phase or three-phase, 400 cycles, 2500-volt test.

Contact your nearest Westinghouse representative for complete infor-
mation on how this small, rugged unit can help solve your aircraft or mis-
sile transformer problem . or write Specialty Transformer Depart-
ment, Westinghouse Electric Corporation, P.O. Box 231, Greenville, Pa

I.I'l' PO F

you can 8E SURE...irirs VVesti ngh ouse @

HUB sleeve: I=horizontal hinge; Z—vertical
hinge; 3—axial hinge; 4—friction damper;
S—needles for horizontal hinge bearing: 6—
pin for horizontal hinge; 7—ncedle bearng
for axial hinge; 8—ball bearing for axial
hinge; 9=blade pin; 10—thrust bearing for
axial hinge,

CONTROL system on column: l—spool for
longitudinal tmll‘ml Z—spool for lateral con-
trol: 3=lower automatic swash plate; 4—
upper automatic swash plate; 5—rocker; 6—
machamsm  for collective and differential
pitch; 7—coaxial shaft; S8—lower slider; 9—
upper slider; 10=worm for control spool;
ll—guide for blade pin; 12—lower slot-
hinge; 13—middle slot-hinge. —Arrows show
directions of rotation of rings of antomatic
devices and sliders
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Ka-15 for agricultural, mosquito con-
ol and rescue work.

According to Kamov, coaxial helicop
ters have better handhing quahibies wmnd
are more economical than single-rotor
designs. He adds that the coaxial craft
can be buwlt smaller and more syim-
metrically.

Pilot Training

Soviet |1L|1m|1tc:r engineer V. Birvu-
lim pomts out that coaxial hL]an]Jth
such as the Ka-15 have mmportant ad-
vantages 1 pilot tramming, “since the
operation of their controls 15 closer to
that of an airplane.”

The Ka- ]‘rh lifting system consists
of two 1dentical T{JTI’JI"-. located onc
above the other on a single geomctric
AXI1S.

Turning in opposite directions, the
three-bladed rotors are fastened to con-
centric shafts,

Power from the engine crankshaft 1s
transmitted through an intermediate
reducer to a dhtnhntmﬂ reduction gear.
Two shafts come frmu the {]hlnhntlnw
reducing gear—a shorl, outer one For
the luwur rotor and a long, mner one
for the upper rotor. The distnbufing
reduction gear divides the power be-
tween the two rotors and produces ther
contra-rotation,

The Ka-15's tail assemblvy, featuring
twin hns and rudders, 1s similar to that
of an airplane.

In general, Kamov favors four-wheul
landing gear for his coaxial craft to
provide better stability while moving
along the ground.

Control is Simple

According to Birvulin, control of a
coaxial helicopter such as the Ka-15 is
simpler than for a single-rotor helicop-
ter.

Main difference, he says, 15 in conrse
(directional) control.

“Longitudinal-lateral control (bv cy-
chic '|'1I|:[|'|'] for coaxial and single-rotor
lichcopters 15 similar. “The only ditter-
cnee is that with coaxial helicopters,
when the stick 1s moved m any direc-
tion there 1s an approximatelv parallel
tilt 1n the same direction by both rotor
disks.

“Collective pitch control on  the
ka-15 aftects all the blades of the upper
and lower rotor simultaneously and to
the same degree. The collective piteh
and throttle mechanism operates ox-
actly the same as on a singlerotor
helicopter.

“Course (directional) control with a
coaxial helicopter such as the Ka-15 is
achieved (through pedal operation) by
two methods: by differential change of
the rotors’ collective pitch and by the
rudders. . .

“Operation of all three control de-
vices—cevelie pitch stick, collective pitch
lever and pedals—is Ll‘lllTth independ-

COLLECTIVE and differential pitch mecha-
nism: l—collective pitch dmms; 2—hxed
sleeve with inner band thread; 3—dram and
sleeve for differential pitch; 4—intermediate
threaded sleeves; 5—long coaxial shafts.

ent, Piloting a coaxial helicopter 15 par-
ticularly - simplihed near the ground
when there 15 a limited landing area
containing obstiacles. Thus, for exam-
ple, it is considerably easier to land on
a1 ship’s deck or to flv between trees.

Birvulin says “the reaction lag to
stick annIl{m in the Kamov coaxial
helicopters is less than for Soviet single-
rator ]I:L'HL'IS]!]IIL"I‘L and the control effec-
tiveness is  greater.  Therefore, stick
movement must be relatively less, and
its rehorn after movement in any direc-
tion must be guicker.”

Runge Increase

“The coaxial lifting svstem has other
advantagoes. Because of the smaller
loading on the disk of cach rotor, when
cther condibions are equal an increase
of about 15% i range and 20% 1n
cndurance 15 achieved.

“CGetting nto turbulence or in vortex
ring state 1s also less dangerous with
4 coaxial helicopter,”

Birvulin conceded that elimination of
vibration 1s still a4 major problem on the
Ra-15 and similar craft.

“I'ie upper rotor is carried a long
distance from the support on a com-
paratively thun and  Hexable shaft, It
15 very susceptible to manufacturing
diserepencies and variations which show
up durmg the craft’'s operation. Ad-
wistment of the coaxial rotor svstem
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TRANSMISSION armmgement: 1—-Motor re-
ducing gear; 2—Combination clutch; 3—Dis.
tributing reducer; 4—Rotor brake; 5—Bevel
sears;  O—Planetary  reduocer;  7=Friction
clutch; 8—Ratchet clutch: 9=Dnve shaft;
l0—Lower rotor shaft; ll<Upper rotor
shaft; 12—Engine crank shaft.

is more complicated than 1'*'. the case
with a single-rotor system.’

Birvulin .ﬂl,n admitted that placing
rotors onc above the other “creates a
danger that thear blades will strnike
t']u,lj they are turning at slow speeds
or when they are hit by gusty winds
while r-.hl[}]:lf_'{]-

This problem, he declared, can be
minimized by close observation of oper-
ating instructions.

Thor IRBM School
Opens at Tucson

Tucson—Douglas  Aircraft’'s Tucson
Municipal 1Inrpurl facilitv has been for-
mally opened as a Thor intermediate
range ballistic missile school for USAF
-nr;l Britain's Roval Air Force personnel.

Program represents a consohidation,
in the mterests of cconomy, of training
activity which has been under wav for
some time at manufacturing facihitics
and other locations.

Entire program is under contract to
Douglas from USAF's Air Traming
Command.

Approximately 90% of enrollment
will be RAF personnel. Both officers

54

and enlisted men will comprise classes
which will average 100 trainees. Upon
completion of course, trainees will be
integrated with missilemen trained at
facilities provided by associate Thor
contractors—General Motors’ AC Spark
Plug Division, Rocketdvne, and General
Flectric Co,

Science Conference
Draws 480 Students

Los Angeles—West Coast Student
Conference of the Institute of the Aero-
nautical Sciences held here recently
drew some 480 registrants from colleges
and universities, more than double the
number of earlier years.

Faght undergraduate and two gradu-
ate papers were presented at the con-
ference with Tom Vincent of Oregon
State College winning in the |1m|L1‘
graduate categorv for hi'~. paper on “An
Experimental Venhcation of Stahic
Stabilitv Predicted by Nonhlinear Col-
umn Theory.”

Malcolm Lock, graduate student at
California Institute of Technology won
the graduate division for his paper on

“Panel Flutter.”

Conference mcluded plant tours and

banquet at which awards were made.

Wright Replacing Cap
On Turbo-Compound

Heat resistant allov steel cooling cap
on the power recovery umt of the
Wrnght R35350 Tuarbo-Compound en-
Fine IHH replaced the mickel allov cap
f:mnuh used.

I’urr_-mv of the change is to extend
the service life of the cap, which serves
to discharge cooling air from the turbine
section,

Power recovery section 15 a source of
overheat problems on the engine (AW

Apnl 21, p. 39).

Constructed of N-155 allov steel, new

cap 15 Eﬁi‘m‘u’.‘ti‘d to withstand the 1.250F

exhaust gas temperatures for over 4,000
hr. of service,

Caps are fabricated from N-155 alloy
tuhmg produced by the Allov Tube -

vision of LlrantLr Steel Co.. Union,

N. J.

Reprints Available

Reprints of Aviation Week's special
report on I]l:igm_'hrh_\dﬂ:ﬂjﬁ'll.‘lntirﬁ at the
following rates:

1-10 copies: 40 cents each.

11-100 copies: 30 cents cach,

Cwver 100 copies: 20 cents each.

Orders should be addressed to: Avia-
tion Week, Reprint Section, 330 West
42nd St., New York 36, N, Y,

KEY ENGINEERING
OPENINGS
AT YVOUGHT

PRODUCT DESIGN

VYought Design Engineers are working in
extremely refined areas on missiles, manned
aircraft and spacecraft. Problems range
from design analyses for supersonic weap-
ons to the problems of satisfactory environ-
ment for man in space, Following are key
opportunities for creative designers:

Powerplant Installation Design (Missiles).
A. E., or M.E,, with experience preparing
specithcations and layouts. To design fuel,
air induction and accessory systems, and
enginé mountings.

Design Liaison (Missiles), Engineering De-
gree, or equivalent, plus 3 years general
design experience and good knowledge of
shop loading. fabrication, quality control
and material selection procedures, To join
and eventually head a liaison team inves-
tigating manufacturing problems arising
from design.

Intelligence Display. A.E., M.E., E.E., with
mstrument design or instrument systems
development experience, Useful, too: pilot
or human factors experience. To develop
and design advanced instrument systems
and presentations for pilot and crew.

Cockpit Atmosphere. A.E., or M.E., with
experience in air conditioning and oxygen
systems design. To develop and design

atmosphere systems that comfortably pro-
tect air and space crews in vehicles ranging
from piston-driven to boost-glide types.

I-smpe "!-JrFIfEI!I'L'L A.E.. or M.E., experienced
in design of ejection seats, h.d."lb.‘[ll:.. I:]E\'JLLE
pilot retention systems, and high-speed ejec-
tion test sleds. Escape capsule experience
also desired. To design and develop auto-
maltic devices for escape situations ranging
from ground level to escape from orbit.

Cockpit Arrangement. A.E., M.E., E.E,,
with experience in cockpit or interiors de-
sign, Also valuable: industrial design or pilot
experience. To develop and design cockpit
and crew interiors for advanced aircraft,

| To arrange for a personal interview, or for

a prompt report on these or other current
openings, refurn coupon to:

[ e e e e e e e e

C. A. Besio
Supervisor, Engineering Personnel

CHANCE YOUGHT AIRCRAFT,
Dept, M-9
Dallas, Tex:as

Il am a oty . - Engineer,

interested in the opening for S—

— | ——— e . e S S R TE—

Address. e R

|
|
I
|
I
|
|
I MName e
|
|
| Ciy —State |
L
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i & '],ent 16 SS. a missile that pierces hostile sky

to pinpoint its nuclear strike

When a target’s latitude and longitude are marked on
this missile’s brain, an appointment has been made.

To keep its rendezvous, the Chance V ought Regulus I1

performs miracles of navigation: it will launch stealthily
lrﬂm submarines — nuclear and conventional — from
surface craft and mobile shore launchers. It will com-
pensate automatically for wind and weather and for
the earth’s rotation. It will detour enemy strongpoints,
outfox known counterweapons. Closing in on its quarry,
it can plummet from over 60,000 feet to smokestack
height to escape radar detection.

In minutes, Regulus II can pierce over 1,000 miles of
hostile sky to score a nuclear bull’s-eye.

The first of the Navy’s nuclear-driven subs, designed
to roam the seas as unseen RE;_:qus Il bases, is now in
construction. The missile itself has made over 25 suc-
cessful flights. Under Navy leash in key locations, it will
be a relentless watr:hdug for peace,

Scientists and engineers: pioneer with Vought in new mis-
sile, manned aircraft, and electronics programs. For details
on select openings write to: C. A, Besio, Supervisor,
Engineering Personnel, Dept. M-9

CcCHANCE
. S

WGCGHT AIRCRAFT

F&F O F &FC O aAaTFD o4 L L AR, T F Qa8
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Now available to you

26

PRECISION
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Honeywell's production department has 65 manometer stations using
equipment of laboratory accuracy on a production basis. Hospital-
clean assembly and calibration rooms and exclusive production

PRESSURE

g

techniques, such as Honeywell-developed welding processes for
bellows manufacture, have made Honeywell's transducer facilities
the hinest 1n the industry,

HONEYWELL'S  COMPLETE LINE OF
TRANSDUCERS

Fr:m OVER 15 years Honeywell has manufactured pre-
cision pressure transducers for use in Honeywell
systems. These tested and proved components are now
commercially available for the following applications:

Air Data Computer, Altitude Control, Altimeter, Mach
Control, Altitude Switching, Mach Switching, Altitude
Scheduling, Mach Scheduling, Air Speed Computer,
Pressure Ratio, Engine Inlet Controls, Baroswitches,
Safety and Arming Controls, Underwater Pressure
Sensing, Speed and Alutude gain changing.
Honeywell can supply Transducers engineered to
your exact needs as follows:

o Meet all pertinent military environmental specifica-
fions.

e Force rebalance or direct drive.

¢ Complete line for both flight control and engine
control applications,

« High temperature operation—up to 400° F.

» Lightweight—Product for product, lighter than com-
petnon.

They offer greater accuracy at
less weight—they can be custom-

engineered to your exact needs

e Accuracy—better than 1% can be provided.
o Sensitivicy—Better than 2 feet at sea level or 0.002"
Hg of pressure,
e Range—can be built to accommodate any pressure
IﬂﬂEE.
« Choice of potentiometer, synchro or inductive pick-
offs.
o Transistor or magnetic amplifiers.
o Pre-flight scheduling of altitudes and air speeds pos-
sible for drone applications,
« No orifices (for engine control applications) to get
clogged up.
e No ourtside cooling required.
Honeywell currently has pressure transducer equipment
flying in such aircraft as the F-89, F-100, F-101A,
F-101B, B-36, B-50, B-66, CF-100, CF-105, KC-135,
B-52, B-58 and various missiles and target drones.

For complete information on Honeywell Pressure
Transducers write Honeywell, Military Products Group,
2600 Ridgway Road, Minneapolis 13, Minnesota.

Honeywell

H| Nty Podits G
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BUSINESS FLYING

SKIMMER 1V cabin, ahead of midwing, affords good visibility. Wing area is 157 sq. ft., including triangular-shaped fillets.

Aviation Week Pilot Report

Water-Stable Skimmer Lands ‘Hands Off’

By Robert 1. Stanficld

Teterboro, N. J.=Excellent short-
ficld capabilities, along with extreme
stability  during water operation, are
key features :1f Colomal Aircraft’s new
four-place C-2 Skimmer IV.

All-metal amphibian is powered by
Lxmmm:r O360-AlA engine generating
150 ]lp. at 2,700 rpm. .'|1' HLLﬂff.
Engine compression ratio is 5.3 to 1.
I'uel grade 15 9196 octane, Pusher
propeller is Hartzell forged dural, con-
stant speed. Governor is Woodward.

Trim Difference

Fngine location—above and behind
leading edge of wing—results in trim
change with application of power which
15 opposite to that encountered in con-
ventional single-engine installation,

Performance  characteristics  evi-
denced during flight evaluation by
Aviarion Weex embraced:

e Hands-off landings. \Vater landings
are a cinch, providing pilot doesn't tn
too hard. Actually, he must learn to
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do nothing. Amphibian requires no
abrupt back pressure. Nose won't dig
and airplane can nde on nose without
tripping. Skimmer was landed “hands
off" twice, did a Ane job all by itself.
e Water stability. Despite gusty winds
ranging from 20 to 40 kt., airplane
maneuvered m rniver like a boat., Hu,rL
were no  weathercocking  tendencies.
Ski-bottom floats add to cross-wind taxi
capabilities; airplane won't tip in turns.
e Short-field performance. One-posi-
tion slotted flaps., with area of 24.5
sq. ft., extend S0% of the span of
the wings. Result: good hit, plus
Lllhhmmng effect on |.t1ul|ug "mplmi..
Few off hard-surface runway in shightly
less than 300 ft.; was brought to ﬁtﬂp»-
into 30 kt. wind—in shightly over 100 ft.

Skimmer is keved to operation
low-water arcas, Optimum cruise alti-
tude—for best speed and fuel consump-
tion—is 6,000 ft. Water operation is
not recommended above this altitude
because of power loss.

Trnm looking amphibian 15 rather
deceptive sitting on the ramp, appear-

ilsg smmaller than its actual size. Side

of fu-eLlag_,L (chine) 15 but 17.5 . from
eround. Wide gear tread 1s H ft. 2 In.
Lmr with |m|¢r olea travel, a weld-

ment of 4130 steel.

Powerplant 15 face mounted with
steel weldment providing nigidity, Py
lon provides fore-and-aft shear strength
and torsional stiffness.  External side
braces provide for lateral loading.

Hull breaks down into four separate
water-resistant compartment (with drain

|}E|1g.~u_ two of these hr.:ing I NOSE.

Midwing Hoats are scaled at top. Aur-
plane’s float bumpers and wing tips are
plastic. Gas tank, in fusclage aft of
passenger compartment, can also  be
classified as flotation device when empty
or partially empty.

Aarplane flown was N255B, first pro-
duction maodel Skimmer IV which
rolled out last September. Aboard was
Jack Straver, president of Amphibious
Aireraft Corp., 'l'eterboro, marketing
[H'.'%iilli..*:l’fhﬂl tor Colonial Aircratt Co,

With two abeoard, plus mstrumenta-
tion and navigation equipment, and 20
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gal. of gasoline, airplane grossed out
at about 2,054 1h, Maximum allowable
gross 15 2,350 lb.

"mplmu. was entered through wind-
shield “door.” Windshicld 15 hinged
in center. Either half can be raised
up and over until it lavs on other half.
With cabin open, one can stand
straight up in cockpit and, 1t necessary,
step to bow of airplane dunng water
exit.

Cabin is roomy and comfortable,
Floor-to-cetling height 1s 47 in. at rear,
43 . in front. Width is 44.5 in.
Length is 62.5 in. From back of rear
seat to back of movable front seats,
length 15 30 in. Trunk at the rear of
back seat will hold 30 1b. Entire cabm
length could be increased to 82.5 .
by removing rear seat.

Accessories . bow can be easily
reached. These include anchor and
docking line, batterv, and hvdraulic
reservoir, all in separate compartments.

Instrumentation and Controls

Skimmer's engine controls—throttle,
pitch, mixture and carburetor heat—
are located overhead, center, and are
accessible from both seats. Ilight in-
struments are located in front of pilot.
Radio is center. Engine instruments
are mounted to nght.

Switches for lights, pitot and cabin
heat, hydraulic pressure, generator, bat-
tery and anchor light are set in fuselage
to ]Jllnt s left, along with control fnr
mechanmically  activated water rudder.
Circuit breakers run benecath switches.
In addition to engine driven pump, clec-
tric fuel pump switch is available for
starting, takeoff and landing.

Also center mounted just below in-
strument panel are gear and flap han-
dles, telescoping emergency hydraube
pump, and gear-flap indicator hﬂhl:'-‘.

Spring-loaded hvdraulic trim surface
control handle, which springs back to
neutral after trim application, is located
on floor between pilot's seats, as 1s park-
ing brake lock.

I*.lwmc started up quickly and the
;1|1'|1hm: was taxied out, Turns were a
bit rough until I adjusted to a forceful
and positive braking action. Brakes are
on pilot's side; copilot’s rudder pedals
are for directional control only and can
be folded down flush to floor for addi-
tional leg room.

Lycoming engine has a tendency to
ice up during taxi, and full carburetor
heat was necded. There 15 no prop
blast, due to pusher conhguration, and
at low taxi speeds air flter does not
supplv sufhcient air.

Magnetos were checked and props
run through at 1,800 rpm, Full Haps
wire dropped (there 15 only one posi-
tion), carburetor heat was moved to
cold, and amrplane was readv to go.
Wind was frmu the northwest at 20
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C-2 pear, with Itmg n]m travel, is '.'-'-':Idrm:nl' of -ili[l utu:l lrrm:l is 11 ft. 2 in.

HINGED and watertight windshield folds over from either side; bow accessories are within
easy reach. Cabin is 47 in, high, 44.5 in. wide and 62.5 in. long.
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Colonial C-2 Skimmer 1V

Specifications

BN i o 0w Lycoming (360-A1A
Hp. and tpm............ 180 at 2,700
Propeller
. « » Hartzell forged dural, constant speed
Gross websht (Tbo)...oooviinas 2,350 |
Empty weight (Ib.)............. 1,525 |
Keaful Tomd (. i inaiogai 825 |
WNanE s TR L el 34
Wing area (sq. ft. including fllets.). 157
Length (fL) ..........c0n0u.e. 23' 6"
Heahit (PR -« cuonsvrnvpmens s 8 10"
Wing loading (lb. sq. ft.)..........15
Power loading (Ib./hp.)..........13.]
Flap aves (sq. f0). oo cooviinivas, 24.5
Fip area [2q. BE). .. cuiicaicies 17.33
Stabilizer area (sq. ft.). .......... 15.73
Elevator ares (3q. f£). ... vvvieens 8.75
Rudder area (sq. ft.).............5.42
Trim surface area (sq. ft.). ........3.75
Fuel capacity (gal., 91/96 octane). . .40

| Baggage capacity (Ib.)............. 30

Skimmer Performance

Max. cruise speed (mph.)......... 130
Normal cruise speed, 75% power

PR oasossnmamnmifoiaa 125
Stalling speed (mph.). .............52
Rate of climb speed, flaps dawn

Gl o s et )
Rate of climb speed, flaps up (mph.).90
Rate of climb (fpm.)............. 800
Cruising range (mi.). ............. 00
Fuel consumption (759 power,

I it s s B T R SRV R A 9
Optimnm croise altitude (ft.). . .. . 6,000

Service ceiling (ft.). . ..........14,000 |

kt., with gusts up to 40. Sea level pres-
sure was 30.06 in. Outside air tem-
perature was 661,

Once Skimmer started to roll it had
immediate directional control; no brak-
ing was necessarv. Airplane picked up
speed quicklv and was airborne, _with
slight back pressure, at 65 mph. Take-
off run was less than 400 ft. pulling
27 . anifold pressure and 2,700
rpm,

With gear up, power was reduced
te 26 . and 2,600 rpm. Amphibian
wis held to mmitial climb speed of 75
mph. Flaps were raised with no appre-
ciable sink, and airplane climbed out
at 90 mph, Rate of climb was 1,000
fpm.

During c¢himb  Skimmer was dehb-
crately pulled nose high, Steepness
]:r resents no hazard and it wouldn't be

asy to stall after takeoff. With buf-
I'ltmﬂ and early warning sound of Safe
Ilighr stall indicator, nose was cased
torward and climb-out continued.

Cabm sits well ahead of the wing,
and big windshield area makes for good
vision ahead, to the side and down,
and aft. Turning around [ could ob-

&0

scrve movement of horizontal trim sur-
race,

Stability was good during climb
and the mirplkime responded quickly to
hght control pressure.  Skimmer re-
quires minimum amount of elevator
control,

With engine high and to the rear
of cockpit, casy conversation was pOos-
sible; noise level was moderate.

Airplane was leveled off at 2,000 ft.
and headed for ncarby Hackensack
River. At this altitude, with 75%
power—24.5 in. and 2,400 rpm.—indi-
cated air speed was 125 mph. Ap-
proaching the river, engine-out proce-
dure was simulated.

Power was cut back, full carburetor
heat apphed, and full faps dropped.
L .owering nose, trim was set and Skim-
mer spiraled down at 5590 mph. Ap-
proach wasn't too steep and control
was good, Airspeed was held on high
side because of strong gusts.

Airplane was held off over water
until ready to stall in, Controls were
released and 1 simply sat back. Skim-
mer, with big flap area, seemed to hover
slightly before dropping in, Water
was somewhat choppy and windshield
caught a bit of sprav, but there was
no digaging of hull nor was there any
bounce tendency, No back pressure is
Necessary.,

Propeller sits high enough to be 1m-
mune from water spray, as well as
gravel, stones, etc., picked up on run-
way. Height, plus protection of wing,
also shields prop and engine from salt
Spray.

Maneuvering  with  water  rudder
down is easy, as the amphibian won't

L running crosswind. Boat hull holds
well i water and wing floats have good
balancing effect. Skimmer has been
flown off i arcular turn, but with
heavy gusts and chance of catching a
wing at pull-off, the maneuver was
pm‘-t]_‘mm d.

Additional safety feature in water
operation 15 nose wheel, which with
tire runming ahcad of nose (in up posi-
tion) acts as bufter, Gear was designed
ta take abuse. It is lowered in the
water for run to and up shore when
nceessary, Corrision, which 15 a salt-
water problem, is offset by extensive
arcase httings.

With but slight back pressure, Skim-
mer flies itself off water. Elevator con-
trol provides good longitudinal control

at low hump 5]}:1*{! on water. Am-

phibian will usually get off at 65 mph.
With a httle backstick to hold nose
cut, then forward, the airplane went
oft at 70 mph. after a short run. Again,
because of gusts, speed was held higher
than normal.

About six water landings were shot,
all with good results. Skimmer has
cven been landed in water with gear
aewn, Airplane didn’t turn over be-
cruse of main gear s backward ]:m_r.itir:m,
plus location of fotation area (fore-
body) ahead of wheels.

Stall Characteristics

Skimmer was stalled power on and
power off. with gear and flaps down.
With the engine pulling 24.75 in. and
2,400 rpm., the nose was up fairly high
before pre-stall buffeting and stall warn.
ing ocecurred.

Stall came at about 50 mph. but

Converted Navion Cruises at 185 Mph.

Navion conversion developed by Tusco Corp., Houston, Tex., features 240-hp. Continental
engine, McCaunlev constant-speed propeller, 34-gal. tip tunks, wing-to-fuselage fairings,
flush riveted wings. Tusco reports that its new Model D Navion has continuous cruise
speed of 185 mph. and climbs at 1,010 fpm. at 3,150-1b. gross weight. Gross weight service
ceiling is given as 17,400 ft. CAA-certificated Model D also provides entrance to cockpit
over wing trailing edge, a step being provided in the wing flap. Plane has cabin arranged

to scat five people.
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MERGURY SERVICE
NEW YORK-LOS ANGELES

Widest choice of DC-/ nonstops

radar-equipped - reserved seats
spacious lounge - superb cuisine
American’s famous

stewardess service

S AMERICAN
~n AIRLINES
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among scientific, military,
government and industry men ...

Aviation Week is irss

In the rapid-paced, dynamic field of space technology,
missiles have captured the imagination and attention ot the
world. And because Aviation Week editors were on the scene
when the first missiles were developed, they know what
efforts in research, development and engineering work lie
behind the missiles now on the way up. This perspective, this
ability to correlate, this awareness of a great industry

behind the biggest headlines and smallest component
account for Aviation Week's accurate reporting of current
events and deep insight into the future.

Aviation Week has been a part of the big events in space
technology— Aviation Week editorial firsts include such
memorable missile articles as: The Anti-Missile-Missile
(4/9/56 issue), How U. S. Taps Soviet Military Secrets
(10/21/57 issue), the two authoritative series on missile
guidance—Inertial Systems (January 2, 9, 16 & 23) and
Infrared (March 4, 11 & 18 issues)—and annual

coverage of the International Astronautical Federation
since its founding in 1950. Aviation Week features have
shaped both technical thinking and detense policy.

Aviation Week gets there first , . . to the events, the people
who make the events happen, to the interpretation behind
the events. And its weekly format means that technical
information arrives fresh, in time to be meaningtul.

This kind of on-the-spot coverage has paid off in world-wide
and industry-deep audiences ... has made Aviation Week the
most quoted publication covering missile progress—

and all phases of the aviation industry. During

1957 alone, more than 368,000 AW reprints were bought

by L. . anc foreign manufacturers, military and

government agencies, universities and scientific institutions.

¥ 11\

a
i:\'I
L

Wi

" First in Space Technology, Technical Coverage, Editorial
Quality and Impact, Aviation Week is number one among
Aviation Technical and Management Publications in
Circulation, World-Wide Distribution and Advertising Linage.
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there was no clear break and fall-away;
rather a combimation of buffeting
hovering which ceased when nose was
lowered and speed increased. Altitude
lass was nil, lateral control good.

Power-off stall, according to specih-
cations, could result in loss of 250 ft.
With flaps and gear down, stall again
was preceded by buffeting and  stall
warning which preceded break by 7 to
10 mph. Break was smooth at 50 mph.
and altitude loss was negligible. Low
stalling speed is attnbuted to large,
slotted Raps.

Flectrical svstem is a straightforward
12v. system, circuit breaker protected.

Hull structure consists essentially of
upper and lower longerons and  keel
with transverse frames and outside plat-
ings. Aluminum alloy (24 ST) 15 used
almost exclusively for spars, nibs, frames
and external covering. Hull skin is .051
gage. Corrosion protection is via alo-
dine treatment and zinc chromate prim-
mg of all alominum parts pnor to
asstmbly.

Wing lift bending 1s carned by a
single spar at the 25% chord point.

Inner portion of the beam 1s built up
with 14 ST extruded spar caps and
24 5T web. Outer portion 1s a 24 §T
built up channel svstem.

Two jack points, one under cach
wing, are keved to main wing spar.
Chordwise bending strength 15 pro-
vided by an additional spar along the
trailing edge of the wing. Control sur-
faces consist of a beam to provide bend-
g strength, with metal outer skin pro-
viding required torsional rigidity.

Large triangular-shaped wing-fusclage
fillets add to Skimmer's trim appear-

Stability and control of Skimmer were
excellent during all flight phases, Ele-
vator control 15 sensitive at  flight
speeds; airplane, because of powerful
trim requirements, emplovs separate
set of longitudinal control surfaces.

Control system motions are trans-
mitted entirely by push rods with the
exception of a short length of chain
and cable in the aileron svstem at the
control wheels. Longitudinal trim sur-
faces are hyvdraulicallv controlled. Trim
surface—3.7% sq. ft. in area—limits
amount of control surface on elevator
and prevents over-controlling.

Skimmer was next fAown  through
several hard-surface landings, with time
out for additional gasoline.

Fuel Consumption

Amphibian averages 9 gal. per hr
fuel consumption. With 40 gal. of
fuel, this would allow 4 hr. nl‘g cruise
and reserve of about 26 min. Range,
at mormal cruise of 125 mph., would
approximate 500 mi. plus reserve.

Airplane 15 redlined at 146 |117ph.
Gear and flap speed is 125 mph. With
gear and flaps down, and holding 90
| mph. on approach, rate of descent can
j - : be fairlv steep with power off. Getting

. g o 9 mto a tight area wouldn’t be hard.
| The Deacon followed the two cardinal principles for Four landings were shot. Airplane
| reliability. ;

sits low, and there is a tendency to level
91 b off too high. Amphibian will cushion

| . 1. Know the stresses your component will be itself down after roundout, and it used

| subject to (in other words know the environment).

| | 2. Build faithfully to the specifications that cope

no more than 400 ft. of runwav.
| " L} L Ll
| with this environment.

30 kt. wind, with prop in flat pitch,
Straver demonstrated this one. Descent
was steep cnough to override normal
obstacles, and airplane settled quickly
after flarc-out, Only moderate braking
Was MECessaTy.

Skimmer's hvdranlic svstem is hased
on desire to keep hvdraulic fluid out
of engine compartment. Accumulator
provides rapid actuation of gear. Elec-
trne pump charges accomulator up to
1,100 psi., at which point the clectric
motor 15 stopped by pressure switch.
When gear, flaps or longitudinal trim
surfaces (also hvdranlically controlled)
arc operated and pressure drops below
750 psi., the clectric pump automa-
Iti'[-;ali_v starts and recharges the accumu-
ator,

Short-ficld landing, as mentioned
carlier, was made in about 100 ft. into
At CPPC we feel one of our great assets is
careful manufacture by a skilled and conscientious crew.

Bethlehem Steel Convairs Get Longer Range
Bethlehem Steel Corp.’s two Convair 440 exccutive transports have been reworked by
Pacific Airmotive Corp. to provide transcontinental range. Standard Convair integral wing
tanks were extended to a point halfway between the furthest outboard wing rib and the
wing tip, providing increase in fuel capacity from 1,730 gal. to 2,080 gal. Standard oil
tanks were increased by 6 gal. each to 36 pal. Planes arrived at Pacific Airmotive bare
except for cockpits. Pacific Airmotive applied Lockfoam styrofoam soundproofing, building
plywood molds to contain the liquid wntil it hardened. Lockfoam was forced under
pressure through holes drilled in plywood molds. Owarter-inch padding was cemented to
entire inner cabin. Modification company sayvs tests reveal average sound reduction of 20
decibels compared with standard Convair soundproofing. Floor structure was modified to
tuke special swivel chairs and divans. Bethlehem's 440s can seat up to 20 persons each.
Flanes are fitted with Bendix RDR-1B-1 X-band weather radar.

Ruprfnta" of the complete, original poem—
The Deacon's Masterpiece or The Wonderful One-Hoss
Shay by Oliver Wendell Holmes sent upon request.

|
|
|
|

LOOK TO CPPC FOR SYNCHRO PROGRESS
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ance. Fillets are necessitated because
of negative pressure condition mduced
by propeller inflow.

Basic price of Skimmer 1s 521,750,
Standard equipment includes stall warn-
ing indicators; basic flight instruments
plus manifold pressure gage, sensitive
albimeter and rate of chmb: towbar,
]E:mddlr: and anchor; and four air vents
or cach of the cabin windows.

Optional equipment embraces dual
controls, specialized instruments, radio
cquipment, heater, twin landing lights
and e¢lectrnically heated I:ﬁ'mt Instru-
mentation ]lll'..]n.-,lg[' deal 15 in the works,
as an average sale includes about 52,000

warth of accessory equipment.

Colonial hgures that with fAve-year
depreciation, nsurance, hangar rent,
direct operating costs and sct-aside funds
for anticipated maintenance plus en-
gine and propeller overhaul, Skimmer
IV can be operated for less than 517
per hour if utilized 600 hours per
vear. Operating costs, for two persons,
are estimated at V¢ per passenger mile.

C-2 was certiied by the CAA on
Dec, 18, 1937. Orders were taken
January and the third and fourth air-
planes were delivered last month. Firm
orders total 16, with next delivery
scheduled for mid-September, Company
15 working against permanent  three-
month backlog of lf.}-h arplancs,

“Environmental Testing'’ A Carburetor

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

irwork

Millville, New Jersey

b6

MNEWARK « MIAMI = ATLANTA

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 unil 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.

BRAMCHES IN:
WASHINGTON

CLEVELAMND

By Movember of 1961 the hirm hopes
to he turning out 17 aircraft a month—
roughly 200 a vear. Skimmer dealers in
the U S. now number eight. Amphibi-
ous Aircraft plans to add seven more
for a total of 15. Top markets for the
amphibian are low-altitude water areas
i the U.S.. Central and South Amer-
ica. In udciltmn to sportsman and ex-
ceutive use, Amphibious Aircraft is not
discounting airplane’s applicability for
off-shore o1l operations.

Earlier thrtt‘:-plur.:‘f: C-1 Skimmer, of
which 25 aireraft were sold between
September, 1956, and August, 1957,
probably will be discontinued in favor
of the C-2 Skimmer 1V,

PRIVATE LINES

Robbins Awviation Corp. has been
formed as result of reorganization of
former  Executive  Aurcraft  Corp,,
Pontiac, Mich. TMirm holds Lyvcoming
and Aero Commander distributorships.
New offices and fullv-equipped radio
repair facility are being built,

Junior Jato unit, developed by Acro-
jet-General, delivering 250 1b. thrust
for additional takcoff power, has been
issued an aircraft engine tvpe certihcate
bv Civil Acronautics Administration.
Unit, designed for single or multiple
installations in aircraft of up to 10,000
Ib. gross weight, delivers equivalent of
100 hp. for 15 sec, duration, weighs
about 50 lb. mstalled.

Beech  Aircraft Corp.  has  been
awarded a $2 million contract from
USAF for additional '1-33A tramner
wing assemblies, extending this produc-
tion through spring of 1959,

Wrap-around shop installation, built
by Remmert-Werner, Inc., reduces time
on 100-hr. inspection for DC-5 to one
day, firm reports. Designed on basis of
maotion and time studies, units put most
of neceded shop facilities close to the
job, have been mstalled at its St. Lows,
Toledo and Pompano Beach bases,

Number of airports in New York
State increased by 10 1 1957 tor a
total of 275 landing facilities, Depart-
ment of Commerce reports. Latest list
shows 46 municipal ficlds, 174 private
and commercial helds (up 135 over pre-
vious vear), 11 militarv air bases, 37
ﬁLJ]JLmL bases and  seven  heliports
(three less than in 1956).

Burean of Reclamation of Depart-
ment of Interior has taken delivery of
its Acro Commander, a Model 680
Super, which is fitted for aenal photo
work. Based in Denver, Colo., the plane
will be operated from short helds, adja-
cent to dam and power p].'mtr-..
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De Havilland DHC-3 Otter serves as a flving testbed for a model of the de Havilland DHC-4 Caribon utility aircraft.

Twin-Engine Caribou Undergoes Testing

First prototype of the DHC-4 Caribon twin-engine utility aircraft
is shown being fabricated by de Havilland Aircraft of Canada Lid.
at Downsview, Ontario (below). Secomd prototype 1s ﬁpuﬂeﬂ
to be rolled out by next month. Five orders have been placed by
the U. 5. Army for the Caribon. Model at right is painted in
Army olive drab. Model at right, below, is painted in white and
a lnminescent red, a color combination the Army is using on air-
craft flown in Arctic or tropical regions, U. 5. Army Caribons will
have Pratt & Whitney R2Z000-4 engines producing 1,450 hp. at
2,700 rpm. for takeoff. FPavload will be between 6,000 and
7,320 Ib.




MANAGEMENT

Industry Team Bids on USAF Project

By Craig Lewis

Dallas—Weapon svstem group has
been formed by Temco Aircraft Corp.
and six other companies here to prepare
a bid on a umique weather reconnais-
sance system planned by the Air Force,
IF'ormation of the group points up some
changes in the technical and manage-
ment setup in the aircraft industry.

Temco group is the latest sign in a
trend toward group eftorts on weapon
svstems first  observed in AviaTiox
WEEK a year ago (May 6, 1957, p. 69).
And it's a trend that has atmug mppmt
irom the Air Foree.

For the companies involved, these
team efforts mean a chance to partici-
pate in contracts for mublitary svstems
too big and complex for them to handle
themselves. Benchts aren't confined to
the smaller companies. Groupings of
aircraft industry giants bidding on the
Dyna-Soar project show that for the
Air Force, these teams mean more
cconomical use of industry facilities and
capabilities and less monev spent on
building new facilities and developing
new technical skills when these skills
alreadv exist.

With this group effort, any combina-
tion of skills needed can be brought to-
gether when the team is being formed.
This cuts into the former practice of
developing needed new skills at USAF
cost ll'.l ,':.ll'lﬂ'll::' {'ﬂl]]P.’[ﬂlE‘m “l]ll'LIHg o1
complex ajhh:am*

USAL has supported this in vanous
wavs. One was a letter to Aireratt Indus-
toies Assn, from Maj, Gen, Willam 1.
Thurman, Deputy Director of Procure-
ment and Production. In this letter,
which was distributed in the industry,
Thurman observed that growing com-
plexity of weapon systems will mcreas-
ngly  require prupm.lh from svstem
manager and  subcontractor combina-
tions from the airframe, propulsion,
electronics and allied industries.

General Thurman sad that it would
appear that such prime contractor-sub-
contractor combinations could otter the
pussibility of developing superior }:um]
ucts with a more economical use of ox
isting industrial and engineering  re-
sources. Particularly, this should reduce
iequirements for establishing new facil-
ities and developing engineering capa-
hilities which duplicate existing re-
sources i other companies.”

Thurman also lmd down a manage-
ment challenge. He pointed out that
one of the big problems with these in-
dustry combinations lies in the integra-
tion of I]'|4I1'I4IELI'!|1{_I'|1' efforts I a wav
which gains all the advantages of the
team .I:|]|'_1'1'ﬂ..1{',|l vet retains the essen-
tial ‘rlllglL point of responsibility of the
Weapon sy stern manager,

“The development of management
concepts and procedures which  will
achieve these objectives should be a
major challenge to the aireraft and al-
lied |11{lmtr1{,£. he said.

Nuvy'é Anti-Submarine Version of Electra

Model shows configuration of Navy anti-submarine warfare version of the Lockheed Electra
turboprop. Bulge under fuselage is for radar installation. Plastic tail cone would house
magnetic aitborne detector (MAD). Aircraft wounld carry crew of ten. Lockheed has a 52
million contract for research and development prior to production of the aircraft.
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It appears certain that the manage-
mient capabilities of bidding groups
will be increasingly nilpurhmt actors
i the awarding of contracts for Major
svstems. Not only will companies have
to propose the best technical solution
to a weapon system problem, but they
will have to show that thev have the
plans and skills to make a success of
wanaging the weapon svstem program
once they get it

To prepare a bid for the new USAI
weather reconnaissance svstem in this
climate, Temco has formed a weapon
system group with Northam Electron-
ics Inc; Radiation Inc; Electronic
Communications Inc.; American Insti-
tute for Rescarch: Goodvear Aircraft
Corp. and Aecrophvsics Development
Corp.

The svstem this group is working on
represents a more sophisticated ap-
proach to weather forecasting and re-
search than anvthing now used. It is
“a gross extension of the state of the
art” 1n the words of . Nevin Palley,
senior vice president of Temco.

Svstem will operate 1n a large tran-
senic jet of a current tvpe, one that will
flv at speeds to Mach 95 and altitudes
to 50,000 ft. No airplane is specified,
but it is obviously in the Boeing 707
cr Douglas DC-8 class. The svstem is
to be readv in the 1963-70 period and
has to be compatible with other states
of the art in those vears.

Data Transmission

Operations will mvolve such fune
tions as meteorology, geophvsical meas-
urement, use of radar for searching

clouds and storm centers, microwsave
capability and data gathering, storing

and processing. Also involved are the
})mlﬂum of the transmission of data
rom high speed aircraft over long dis-
tances and the logistics of operating
such a reconnaissance svstem.

Weather reconnaissance svstem must
be designed for operation under all con-
ditions by technically unsophisticated
airmen. It involves L_,r-rmm'l stations as
well as a flving svstem, and 1t may in-
volve the whole cvele of overhaul and
modification so  that improvements
could be made by the pecople who de-
ngl'l!_'{.l and built the svstem.

The svstem will be used in a world-
wide weather reconnaissance operation
operating on a patrol principle. Infor-
mation is to be transmitted to ground
stations all over the world. United Na-
tions currently sponsors a group—World
Meteorological Organization—which pro-
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Convair Assembles F-106 All-Weather Interceptors

Convair Division of General Dynamics Corp. assembles F-106 supersonic interceptors for USAF's Air Defense Command, San Dicgo, Calit.
\ircraft above are single-seat F-106As. Twao-seat F-106B recently made first flight at Edwards AFB, Calif, (AW April 21, p. 33).

vides for L""EE_!HTIEL* of weather data, and
this USAI" system would be compatible
with the HItLI"I'I..![HJI'l 1] iﬁﬂtLl"

In contrast to |3r¢._'m,|1t h,';hniquts of
merely  measuring  what  happens  to
weather, the reconnaissance  system
would feed its information to com-
puters to find out something about 1t—
to get a broader, more basic picture.
I'he system could do basic weather re-
scarch at high altitudes along with sim-
ple forecasting,

This orientation back toward the
basic sciences in weather reconnaissance
is made possible by advances 1 coms-
puter art m recent vears,

Unlike such projects as mussile svs-
tems, the technical envelope for this
weather svstem can’t be verv strictly de-
hined.

This fact gives the contractor more
flexibility and more responsibility in his
design and development work.

In many ways, the weapon svstem
gronp Temco and its associates have
devised is similar to the current weapon
system manager concept, but 1t carnes
the team idea a step further by having
the team work together from the start
rather than forming it after the prime

AVIATION WEEK, June 9, 1958

contractor-weapon  system  manager s
awarced a contract.

1'his approach gives Temco the bene-
it of imdustre-wide skills and a broader
view of the situation. It also provides
the technical competence and  back-
ground Temco will need as the central
agent bidding for the svstems contract
without the nced for expanding imto
new arcas. And the advantages are not
ali technical. The hnancial resources
of such parent firms as Goodvear, Cur-
tiss-\Wright (Acrophysics Development
Corp.) and Norns Thermador Corp.
(Northam Electronics) add to the stat-
ur¢ and stabilitv of the group.

Advantages m the arrangement to
Temceo's associates are varied, but an
important one 1s the chance to partici-
pate in svstems work it couldn’t get on
its own. Electronie memmlmflnm
for instance, had been looking for &
program like the weapon svstem group.
It is attractive because it allows ECI
to broaden the scope of its operations
and get into business 1t couldn’t other-
wise touch.

Another advantage lies in the fact
that cach company is participating in
the design from the start. This means

the system will have the benefit of the
latest knowledge in each special feld,
and ecach companv can draw on the
specialized skills of its partners. W hen
a specialized company 15 in on the de-
sign phase, it doesn’t get saddled as a
subcontractor with components which
suffer from the mexperience of a prime
contractor.

The associates draw a financial ad-
vantage from participating in the origi-
nal design job. Thev get a share of the
system from the beginning and aren’t
confined to bidding on a cost basis for
parts of the svstem the pnime contractor
subcontracts after Tre has quite naturally
kept the most profitable components
a |1¢.| subsvstems for himself.

Pallev points out that one of the
major advantages of the group to the
Air Torce would be the fact that it
avoids duplication of scientific staffs and
facilities and cuts recruiting and train-
ing costs. Design work now is being
done at Temco, and if the contract 15
awarded, components will be built at
each associate’s home facility and inte-
grated at Temco.

Palley also says that use of a group of
smaller companies avoids the inertia
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of large company structures and gives
USAT an organization that can move
quickly, vet has the resources of large
company magnmitude.

These arguments coincide with Air
["orce thinking as cited in the Thurman
letter and elsewhere. Different mani-
festations of this can be seen i USAI
cfforts to blend skills in the root engine
field, rather than creating new ones.
AviaTioNn WEER has noted the recent
trend to mergers in this field, including
such moves as the formation of a new
company, Astrodyne, by North Ameri-
can Aviation and Phillips Petroleum
(AW April 14, p. 55).

The process of forming a combine
like the El’unm group involves consider-
able intercompany investigation and
analysis. Discussing their appraisals of
the frms mmhnc] members of the
group said “we probed their souls
bare.” Complete ]-:nnw]c::lgﬂ and under-
standing of each other was essential 1n
the decision to choose each company
best qualihed in its area.

After eliminating a number of firms
in the process, here are the companies
the Temco group wound up with and
the functions they will perform:

* Goodyear provides radar capability
for reconnaissance of clouds and storm
Lnterm Company has capabilitv in a
cialized field of radar that applies to
l' weather system.
° Rﬂdiaﬁun Inc., is in the field of digital
computers and recorders and provides
capability. in information theory and
data processing for airborne systems,
* Acrophysics Development will work
on the fexible, automatic test and
checkout gear which will be needed to
make in-flight checks of system com-
ponents and to make automatic deci-
sions on the equipment tested.
e Northam Electronics specializes in
sensors and measurement mstruments
and will provide capability for measur-
ing meteorological and geophysical con-

ditions.
¢ Electronic Communications will work

on the problem of data transmission to
a ground readout which will provide
data in a usable form for weather ob-
SETVETS.

e American Institute for Research will
handle the human factors problems in-
volved in the operation {:F a complex
system.

Group members have had to subvert
competitive instincts in manv arcas. In
the case where capabilities overlap, one
company does the job, and the other
firms are limited to backup support.

GCroup has been working together at
Temco since April under terms of an
interim  agreement. The agreement
specihes that Temco 1s responsible for
preparing and submitting the group bid
and that the associates are responsible
for developing their selected areas of
the proposal and for providing Temco
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with management, technical and cost
data related to these arcas. Each com-
pany 15 paving its own expenses in the
group cffort, and costs largely are sala-
riecs of the people involved. Provision
is made for Temeo to pay Northam and
American  Institute for Rescarch for
special help in connection with Temco's
share of bid responsibility.

Agreement calls for free exchange of
proprictary information, but limits use
of such information to the current proj-
cct. 1f a patentable idea is developed to
1] pm-:l'iml degree during the bid pro-
posal program, it remains the property
of the participating inventor, but other
members of the group get non-assign-
able, non-exclusive license to use the
invention on a rovaltv basis,

A Policv and Progress Committee has
been established with Pallev as chair-
man and includes one management rep-
resentative from each associate. Com-
mittee oversees the bid effort and can
make recommendations to Temco in
Temco's preparation of the proposal
and negotiations with USAF,

Veto Power

Palley has veto power on any sugges-
tion made bv the committee to Temco,
but a dissatisied associate can have the
chairman’s decisions reviewed by two
ofhcers of T'emco other than Palley.

Provision is made for withdrawal of
an assoclate in extreme circumstances.
If one of the companies wants to leave
the group, it can present its case. Then
if Temco top management and two
thirds of the associates concur, the firm
can withdraw under terms defined by
Temco. These terms are not to include
any form of pavment of consequential
damages,

The group can also climinate ane of
its members under the agreement. After
full decision of the circumstances among
Temco, the committee and the associa-
ate, the decision rests with Temco. No
claim for damages is allowed unless the
termination can be proved capricious
and in bad faith.

If an associate leaves voluntanly or
involuntarilv while the Temco bid is
still in competition, the associate can-
not join a competing group or divulge
any information concerning the Temco
proposal. Temco decides who will do
the job left by a withdrawing associate,
and provision is made for acquiring new
associates.

The interim agrecment covers the
period of joint bid activity and negotia-
tion with USAF until a decision is
made. If the Temco group gets the
contract, the arrangement moves to-
ward a4 more conventional weapon sys-
tem manager concept.

If a contract is awarded, Temco will
be the central agent which has dealt
with the Air Force and will be the
prime contractor. At that point, each

associate will ncgotiate a sdabcontract
with Temco covering its own arca of
the reconnaissance svstem, Harmony in
the joint cfforts among the associates
then becomes the result of moral ties
between them, rather than a respons-
tality set down as it is in the interim
agreement.

The Policy and Progress Committee
will -Lnnhnn" throughout the duration
of such a prime contract, although pro-
vision 1s made for anv modification war-
ranted by new circumstances.

Formation of the weapon svstem
group for the weather reconnaissance
svstem reflects Temceo’s onentation to-
ward the aerial reconnaissance ficld as an
area of specialization. The company has
produced an airborne reconnaissance
svstem for the Navy and has built up 2
quick reaction capability in its aircraft
modification program.,

This quick reaction capability 1n-
volves doing a fast job of putting elec-
tronic svstems into modified aircraft
and turnm_g them around quickly. In
connection with this, Temco built an
antenna laboratory and developed a ca-
pabilitv in that held. All thtse mMoves
headed Temco in the direction of air-
borne reconnaissance skills and the cur-
rent competition,

Temco has also been intensely in-
volved in building an engincering man-
agement orgamzation. In 1954, the
firm started to build up a weapon sys-
tem engineering sctup. This organiza-
tion won the TT-1, XKDT-1 and Cor-
vus contracts for Temco, proving itself
as an effective vehicle for obtaining
contracts.

A more sophisticated organization
was needed for managing the contracts
after thev had been won, so the engi-
neering  department  was  reorgamized
along program management lines, and
Gen. Robert E. Galer USMC (Ret.),
was brought in to manage Corvus and
other programs. General Galer had
been Director of the Guided Missiles
Division of the Navy Bureau of Aero-
nautics.

In Mav, Temco took a further step
in this direction when it prumﬂtf,a:]
Pallev from vice president, engineer-
ing to sentor vice president and named
General Galer to the engineenng vice
presidency.

Correction

American Machine & Foundry Co. 15
producer of the launcher for Bomare,
Boeing's surface-to-air missile. On page
95 in the Mav 26 issue of Aviarion
Week, American Car & Foundry was
incorrectly named builder of the Bomarc
launcher.

American Machine & Foundry, 1n
addition to the Bomare launcher, also
makes the launcher for the Talos, Navy
surface-to-air missile,
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NEW AVIATION PRODUCTS

Fuel Control Unit

I“'ucl control for use on small gas tur-
hine ‘['.l'l'.]-'L'l.LILd areraft, massiles  and
target drones mL{Jrr_-m.ltu d pnuun.ltlL
-.|:ru;t] covernor for constant speed from
sea level to 60,000 ft.

Control is a umtized fuel svstem
with puaitiu displacement  gean
pump, metering valve and by-pass valve,
Several versions are available in weights

of from 7 to 10 1b.

Chandler-Evans, West Hartford 1,

Conn.

Accessory Gear Box

Universal type aircraft accessory gear
box operates in a honzontal position,
on cither side of the engine,

Model 1126 gear box is said to operate
al a maximmum altitude of 335,000 ft.
Design life 1s 1,000 hr. with environ-
mental temperatures to 2601, Unit m-
corporates a sclf-contamed lubrication
svstem with sight level glasses for left
or right hand operation. I|1|1ut pad con-
h:nm to MIL and 10262 Type XII ].
Qutput pad contorms to ’\IIL and
20002 Type XII ], Designed for use of
MIL-L-78058-C  lubricant, unit has a
lubrication service iterval of 250 hr.
Weight is 13.25 1b.

Western Gear Corp., P.O. Box 182,
Lynwood, Calif.
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Helicopter Spark Plug

Helicopter spark plug now available
for commmercial use has been in opera-
tion with USAF for the past vear, Plug
was specihically developed for Franklin
aircooled engines m::cl in Bell, Hiller
and Omega helicopters.

The REL3SSB plug tollows massive
clectrode design adopted by USAL. Ap-
proved for commercial use by the man-
ufacturers of Franklin aircooled engines
and the CAA, it 15 available through
dealers.

Champion Spark Plug Co., Toledo 1,
Ohio.

Scratch Microscope

Scratch nvestigation microscope 1s
used for Lhr.r.]i.mg surfaces on missile

surfaces,  atrcraft  canopies,  propeller
blades and wing skins,
Partable mstrument INCISUTCS

scratches up to 025 in. deep on flat
or curved surfaces, to an accuracy of

001 m, Camera attachment 15 avail-
able which  permats the making of
photographic records on 35 mm. film.

‘ngis Equipment Co., 431 8. Dear-
horn E-:L, Chicago 5, 11

Lightning Warning System

Lightning forecasting svstem  warns
missile and aircraft fAight testers and
other lhightning endangered workers of
potential lightning danger.

Svstem  interprets  atmospheric  po-
tential gradient according to a few ob-
jeetive  rules,  Gradient  unit  shows
buildup of E|1:trgc5 within 20 mi., and
indicates lightning  discharges.  Unit
comsists of an all-weather radioactive
probe for picking up air voltage, a
stable clectrometer-amplifier with semi-
logarithmic scale, and a recorder. Sys-
tem also includes a “sferics” (radio
static  tyvpe) lightning indicator and

counter which detects lightning  a
ercater distances (60 mi.) but does not
show charge huﬂdup Unit 15 available
i several versions,

Meteorological Research, Ine., 939
.. Union St., Pasadena, Calif.

Air Duct Drain Valve

Valve automaticallv allows conden-
stte to drain from pressunzed air ducrs.
Valve 1s placed in duct system wherever
condensate tends to colleet. When
svstem 15 pressunized the valve is auto-
nmhmlh closed: unpressunized, valve
upens allowing accumulated condensate

to dram out, Spring-loaded tungsten
carbide ball remains closed under normal
active duct pressure and opens when
duct pressure is reduced to from 21 to
10 psi. Valve body is made of stainless
steel.

Barber-Coleman Co., Aircraft Con-
trols Division, Rockford, 111
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SAFETY

British Accident Investigation Report:

Flap Bolt Failure Caused Viscount Crash

I"..|r]:|.' in the aftermoon of March 14,
1937, the Vickers Yiscount :tiTL-mEl' Cs-
\LAWE  (generally known as "W.E or
“Whisks ]L]IH ) ecrashed while approach-
g to land at H,mﬂu. av Airport, AManchester.,
The amreraft was “owned and aperated by
British European Airwayvs and was 'ru:_iL]mlﬂ
the end of a scheduled passenger-carrying
flight from Schiphal Airport, Amsterdam,
with a crew of five and 15 passengers. As a
resalt of the accident all the crow and
passengers and two other persons  were
killed.

Until the aircraft was roughly a mile from
the threshold of the rnway ik was appar-
cintly making a perfectly normal approach,
tien it m.n:h. a hanked turn to starboard and
continued to descend until the starhoard
wing ti]} strnck the trrmmf! With the star-
hoard wing furrnmng the carth and Dbreak.
mz up, the aircraft, obviously completely
out of control, went on nntil it struck some
houses, dd::nm]i!-:hing two of them [(in one
of which a woman and her infint son were
killed ).

The mrcraft came to rest m the rumns
ab the houses and immediatelvy caught fire
and set hre to the houses, The position
of the fAnal crash was about 900 vd. short
of the runway and 200 ln:fl to the rw]ut of 1ty
extended center line.

The weather was fine and the visihility
sokl. The aireraft had been properly main-
tineed and the load carried was compara-
tively light and was correctly balaneed. The
captain and first officer were experienced and
highly competent Fn]nh Although there
wire na survivors from the awreraft, it 1s
clear from the evidence of eve-witnesses and
from the commumcations which took place
between the aircraft and the ground that
il was apparently normal until, at the most,
half a minute hefore the crash.

An cve-witness of the accident noticed a
detormation of the Haps of the starboard
wing just hefore the mireraft begm  its
banked turn, Careful examination of the
wreckage has revealed that a bolt and a
Ettmg which constituted part of the s -
port of these flaps had broken before im-
pact. An claborate technical mvestization
was subsequently undertaken and has shown
conclusively that a structural fatlure occurred
and that the pmhnh]u cffect of this would
he to caunse the aircraft to make a banked
turn to starboard.

| had to consider whether there was any-
thing that the pilot or copilot conld h:w:.'
done to keep the 1irL‘ITlf1' uncer control.
no stage of the mguiry was it 51Ig.:L'H|1:l| h*.
the Crown or any of the partics that the
pilots were in any way at fault, The rcasons
why they were in all probahility prevented
from dumg anvthing to save the aircraft
aepend on the detailed evidence wiich will
be dealt with later in this report, but |
desire to make it clear at the ootset that 1
am satished that there was no error of any
kind on their part.
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The hre and resene services arrived at the
seene with the utmaost ]:lmmpfihulc but be-
cause of the herceness of the fire there was
1o pu'-.*-.:h!hh of saving anv lives, even 1§ any
of the occupants of t]H. aireraft were not
killed immediately on npact.

The most difficult part of this NGy has
hen bo :‘I'1[Lft-.11|l HIL FTL'*.I"IL CAsE OF CRILISLS
of the structural Falure, On this matter cer-
taimmty cannot he achicved but with the gllid-
ance of my assessors 1 have been able to
torm a defnite opinion as to the probable
course of events. There were several circum-
starices so unusual that a combmmation of
similar factors 18 most unlikelv to occur
again, But lessons have been leamnt from
this aceident which have resulted o addi-

tiomtl  precautions  being taken i several
directions.

Because it was apparent soom after the
accident that a structural talare 111i=;_||I be
imvolved, measures were taken to ensure that
all NViscount aireraft then in pperation
<hould, within a certain time, be submitted
to certain examinations, | have had to con-
sicler whether these steps were suffciently
prompt and I':"IJF{:IH'-

Once it was E]LLIILILLI whiere Hhe weakness
Liv, a modification was mtroduced which.
as was accepted by all parties at the mquiry,
was sufficient to ensure that a Enlure at the
sne pomt would not occur agam,

WE, was a Viscoomt 701 tvpe aircraft
namufactored by Vickers- \rmstrongs | Adr-
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craft) Lid., in 1952 and delivered to British
Furopean Airways Corp. Jan, 3, 1953, A
Certificate of Airworthiness was granted on
Nov, 20, 1952, and was annually renewed
and was in force at the date of the accident.
The aircraft was maintained according to
maintenance schedules approved by the A
Registration Board,

This maintenance involves a pre-departure
mspection prior to each fight; a Check A
within 24 hr.; Check 1, after a peniod not ex-
ceeding 135 flving hours; Check 2, not ex-
ceeding 320 flving hours; Check 3, not
r:'-:::ﬁed:ng 1,040 flying hours; Check 4, not
exceeding 1,500 flving hours. Fach of the
Checks 2-4 15 more rigorons than the pre-
ceding check and inclodes all the matters
included in the previons check and some
additional ones. After each Check 1, 2, 3
or 4 another check has to be made after
not more than 135 fAving hours, Abter a
Check 4 the rotation beging again. Follow-
ing cach Check 1, 2, 3 and 4 a Certificate
of Mamtenance is issued, On Ang: 5, 1957,
following a Check 2, a Certificate of Mainte.
nance of W.IL was issued (signed by a cur-
rently licensed engineer) which by its terms
was valid for 31 days or 115 ﬂum:, hours.
The 115 was a clerical error for 135 hat this
& unimpaortant becanse the accident ocearred
only six davs after the check and the hours
flcwn since the check were only 231,

The pre-departure mspection mcludes a
visual check of the control surfaces and fAaps
to see that thev are free from damage.
Check A includes the same matters and also
a check of flap operating mechanism for
flap extension at the 40 deg. position.

Checks 1, 2, 3 and 4 include examimation
of all flap falsework and fairings for satisfac-
tory condition and security, examimation of
flaps and operation mechanism for satisfac-
tory condition, correct synchronization. snug
fitting, no fouling, adequate clearance he-
tween faps and falsew ntL and condition of
enide channels and examination of inner
plane structures internally and externallv for
satisfactory condition and security of com-
ponents and pipe lines.

The first Viscount aircraft to be manufac-
tured was a prototype 700, Certain mocdi-
fications were then introduced and the tvpe
of aircraft so modified was called 701, W.E,
wits the hrst 701 tvpe Viscount te bhe mann.
factured and was nsed by Vickers for fight
tests and after delivery to B.E.A, was used
to a considerable extent for the training of
pilots—that 15 to say for teaching experi
cred pilots how to handle aircraft of this
mew type,

For this reason W.E. had had by March
14, 1957, mare fiving hours than any other
Viscount except one and more landings
than anv other Viscount l,'l..E'Lpt amother
ane, Le. 6,902 fiving hours and 4,553 land-
ings as compared with 6,945 fAving hours
and 4,951 landings which were the }nghut
ﬁfrurm among other Viscounts, The highest
fhigures among other Viscounts in the B. EA.
fAcet were 6 S48 Aving hours and 3,937
landings.

Last Flight

On its last Aight the captain of W.E, was
Capt. Thomas R, Brechenv. He was in
possession of a valid license entitling him to
fy Viscount aircraft on scheduled passenger
services, He was 39 vears of age. He 'fmm_d
the Roval Australian Air Force in 1940 and
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flew mostly transport mircraft, retinng with
the rank of flight lieutenant.

He joined B.E.A, in August, 1946, as a
captam and in May, 1933, h:: L'nlnp]::t{:ﬂ a
conversion course for Viscounts. He had
flown with B.E.A, 6,951 hr., 1,051 of which
were on Viscounts,

The frst officer was Douglas Palin, He
too was in possession of a valid license
entitling him to flv Viscount aircraft on
scheduled passenger services. He was 33
vears of age. He jomned the Roval Air Foree
in 1941 as a pilot on transport aircraft. He
was awarded the AF.C., and retired as a
flight licutenant,

He jomed B.IEA, im December, 1946, left
m Apnl, 1946, and flew as a captain for
charter companies until 1951, then rejoned
B.EA. In January, 1957, he completed a

conversion course for Viscounts. He had
flown with B.E.A, 7.314 hr.. 132 of which
were on Viscounts,

Both the captain and the first ofhcer were
n:gnrdu’l by B.E.A. as very rehable pilots.
Theyv had carried out their duties excellently
anid all their traming had been i:mnp]utul
to a high standard. On the dav of the acei-
-:u,n’r hoth had been on duty for about 7%
hr. (having Hown from London to Man-
chester, from there to Amsterdam and taen
back to ‘."nl;lm:hul.‘erl, and on the previons
day 5 hr. 10 min. The two preceding days
hoth had heen off duh It 15 not pi}'-.‘.iht‘
to sav which of them was actually piloting
the aircraft at the time of the accident,

The radio officer was 1D, |. Denman. He
held a vahd hicense and had Aown wath
B.E.A, 4965 hr., 1.967 of which were on

73



Lycoming
A Divislan of JSvco Manufacturing Corporation
Stratford, Conn., Willinmsport, Pa.

Viscounts. The other members of the
crew were 1D, J. Harnes, steward, and Niss
D. W. Newman, stewardess.

There were 15 passengers on board to-
eether with their luggage and a small quan-
tity of cargo. The aircraft was I{:-.uiul anid
trimmed within the specified limits set out
in the Certiheate of Airworthiness,

DESCRIPTION OF ACCIDENT

At about 13.34 hr, on March 14, 1937,
the aircraft on its way to Ringway Aarport
passed into the control of the Manchester
approach controller. At 13.36 the approach
controller received a call from the pilot and
asked him to report passing Oldham Beacon
and reaching 3,500 ft.

The .1ppm;|-r.h controller then gave him
the latest weather observations—wind 230
deg., 23 kt, visibility 10 naut. mi., cloud
sths at 3,000 ft. and 8/58th at 10,000 ft. He
also gave the airport pressure, At 13.41 the
aircraft reported at Oldham Beacon still over
3,500 ft. (According to normal practice the
|_'.i'!r_;|t would start lis pre-landing drills after
passing Oldham Beacon and this would m.
clude lowering the ﬂup&].

The approach controller asked the pilot
if he wanted an instrument let-down. The
pilot said he would like GCA to give him a
cloud break. This meant that he wished
for the system of Ground Control Approach
to be used so as to ensure a clear descent
p:al:h‘ ]L*a\'ing him to make a visunal .';ppm:li'h
after he had broken throngh the lowest
cloud,

He was accordingly handed to the GCA
director until he came below cloud and had
the airheld in sight, when he asked to be
transferred to the airport controller., The
pilot then gave a call meaning “fnals,” ie.
that he was in lime of approach to the run-
way m a position from which a landing
would be made on his then present ]n:adiug_
The airport controller told him he was clear
te land and gave him the surface wind,

The airport controller sighted the air-
craft when it was 44 to 3 mi. from the
runway and the approach controller at 3 to
+ mi. Both watched it approach (though
neither was u.:llt]ung it tﬂtl[‘[]lllﬂllh]'-.!l and
neither saw anything unusual unbil it was,
they thought, about one mile or a little
more from the end of the runway.

Then bhoth saw it take a gradual turn
(ene of them desenibed it as a “shallow
diving turn™) to the right, which looked
like an intentional manenver, perhaps to
get inte line with the runway, but very
soon the turn tightened up and the angle
of the bank increased so that both ihur.
witnesses  realized  that  something  was
wrong and each separately pave t]':r: crash
alarm. Neither saw the ‘lL‘lit:Il crash  he-
cause thewr view was obscured by buildings.

The time of the crash was 13.46. The
tme between the steep banking turn and
thie crash was eshimated at '-.mm-lhiug be-
tween 10 seconds and half a minute. The
ﬂi]‘ﬁprf_'d at the entical time 15 estimated at
115 to 120 kt.

I]'I['“:‘ Were FI."IL eY0- 'l."n.]I'I'IL"'n."l-L"'n. .'I.]}..-]I't ETHI'I'I
the two control officers, All of them lived
or worked in the neighborhood and were
tamiliar with the sight and sounds of air-
craft coming i to land. Two of them in
particular {one of whom, Mr, Stanford, had
been a pilot in the RAF. from 1939 to
1946, and the other, Mr. Pettigrew, had
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had experience in the AT.C. and as an
chserver at Farnborough and held a ghd
ing license), gave remarkably detailed  ac-
counts of what thev observed.

The cvidence of the five witnesses did
not exactly tally in all respects but there
Wik trr_mml Igru:mr_n{' that the aireraft was
;]i]l’JTIJ:IT.]I]l'Ig notmally  (though  perhaps
rather lower than usual and perhaps on a
heading which would have brought it rather
to the left of the runway), until it reached
a point about a mile from the threshold.
[t then banked to the right and maintained
this bank for a few seconds,

Mr. Stanford thonght it side-shipped and
looked as if it was getting into dificulties
hut then put on full left rudder and got on
to an even keel. No other witness observed
this. If there was any recovery it must have
heen only momentary because to other wit-
nesses the aircraft appeared to pass straight
from what might have been a controlled
banked turn into a steep and uncontrolled
tornm.  (One witness, but only one, said that
the engine noise increased in londness and
rose i pitch ).

The ultimate angle of bank was varioush
estimated at from 45 deg. to 80 deg. and
then two of the witnesses saw the '-.I'|rhmrlr_]
wing tip touch the ground. From marks
afterwards found on the ground and from
preces of wreckage collected, it can he stated
positively  that  the starboard wing tip
touched the ground ahout half a mile from
the threshold and 150 vd. to the right of
the extended center line of the runway,
I'rom that point a furrow in the earth made
by the starboard wing went nearlv straight
{at an angle of about 45 deg. with the
extended center line) but curving  very
slightly to the right for a distance of about
25 vd. and then, after a break of about 10
vil., for about another 35 v,

During this time about half the starboard
wing broke up and parts of it were found
scattered to nght and left of the furrow,
The hnal crash into the honses was about

55 vd. from where the wing tip first touched
the ground.

A most important piece of evidence was
given by Mr. Pettigrew. He said that when
the aircratt was over a point which is rather
less than a mile from the threshold and was
perhaps 500 to 600 ft. high, he could see it
from directly astern and observed that the
two inboard starboard flaps appeared to
rise above the wing. It appeared to him
that the center jomt between these Haps
had come adrift from the wing.

One moment the flaps were normal and
the next they were bent. The angle of the
flops made it appear that they had misen
.rh:m the trailing Ldgf: of the mm; giving

“a sort of roof Llﬁct The port flaps re
mained normal, It was immediately  after
the movement of the starboard flaps that
the aircraft first banked to the right. He
looked to see if the allerons moved but
could not see anv movement,

| am satishied that Mr. Pettigrew’s obser-
vation of the movement of the Aaps was
accurate and, although it cannot be certain
that he would have noticed anv movement
of the allerons if they had moved (hecause
thev are much smaller than the faps), it
can at least be said that there is no evidence
from any eve-witness that the ailerons were
operated at all after the hrst turming and
1|:~;5|n:|-:i:||g movement began,

Mr, Pettigrew estimated the time mnterval
hetween the bending of the ﬂlpu and the
final impact with the ground at only about
five or six seconds, From the evidence of
other witnesses I think that this is an under-
estimate and that the period was ]}mh:]hl}
about 20 sec.

As will appear later in this report. a
movement of the flaps such as was described
by Mr. P-.:Hign‘_-u wonld tend to cause the
aiteraft to make a banked turn to the right
put not to such an extent that the move-
ment could not be easily controlled by the
ailerons if they were working normally.
Witnesses with experience in the control of
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INSTRUMENTATION

This new era of electronic missile guidance and iﬂﬁm@ﬁcatiﬂn has emphasized
the importance of aircraft instrumentation, a field to u}ﬁieh..ﬂaycs has made
some outstanding contributions. T

An example is a remote channel indicator developed by Hayes’ native
talent. This instrument shows an aircraft pilot the UHF channel to which
his radio is tuned although the radio may be in a position difficult for the
pilot to see, The first production prototype of Hayes Remote Channel In-
dicator passed all required tests, operated perfectly without a single change
in design, Thousands of these instruments now have been produced by Hayes
for the U, S. Armed Services.

Hayes has designed, prototyped, produced and installed thousands of
electronic kits for piloted aircraft. Hayes has had experience in research and
engineering for a wide range of aviation instrument production, Inquiries are
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arrcraft all agreed that a competent and ex-
perienced pilot would antomatically use his
ailerons in such circumstances and 1 am
.,4.|1.|'-.-:_4.I by my assessor, Capt. White, that
this movement wounld come so maturally to
1 pilot that it is unthinkable that he would
nat make it.

This at once creates an impression that
foi some reason the ailerons must have been
mcapable of movement. If this was so then
as appears from the evidence and the advice
of my assessors the only possible hope of
}:L”IIIg the aircraft rlrllh_n:! was by use of
lcft rudder and increased power from the
starboard engines.

There 15 as indicated above some evidence
that the rudder was put to port and that
there was some increase of engine speed. If
these actions were taken in the very short
time available then the pilot acted with
great  skill  and pmmptj'ru[h_- but m all
probability the bank was too steep and the
mrcraft too near the ground for these
measures to be effective. Capt. Gordon-
Burge, a senior mspector of the Accidents
Investigation Branch, expressed the opinion
that there was nothing the pilot conld have
done to avoiwd the accident and I am satis-
fied that this s correct,

As already mentioned, the crash alarm was
civen by the two air trathe control officers
nuhpu!clm’m before the aircraft struck the
ground. Indeed, the airport fire appliances
were on the move betore the crash ocourred.
I'we hre appliances, two foam tenders, two
witer tender/pumps and a Vauxhall tender
were turned out. At about the same time
two Fawrey Aviation apphances, a pump
tender and a Land Rover set out from the
nearby Fairey Aviation Works fire brigade.
Al the above-mentioned appliances reached
the scene by 13,50, At 1345 a call was
made by direct telephone line to Altrincham
hre station and within a short time 24 ap-
phiances were dispatched from this and other
stations, Also at 13.48 Manchester ambu-
limee headquarters was telephoned and 16

ambulinces and two x]mntiug brakes were

sent out. Farther ambulances were called
[ram other centers a Little later,

T'he Manchester city police were called
at 13.51 and 50 "ul'lm]u”-.tt_r ]:ru]:ll':L ofhicers
attended, also wers of the Cheshire
county police, II!’]H ministers of religion
attended. Others 1.'|.|m Came ¢|1m_|..]1. to the
scene were hospital services (fve doctors,
one nursing  sister, five  nurses), airport
technicians, Lu:l defense (rescue), gas, witer
and electricity undertakings, r:_pm:.umhl.{t.
of the Manchester city survevor's depart-
ment and two morticians. There were also
a number of civilian volunteers,

Houses Struck

The aircraft had crashed into Nos. 23
and 25 Shadow Moss Road, Wythenshawe,
It had apparently struck the houses below
roof level, the wings had folded inward,
the I:u'-.t']ﬂff:, coll; 1]}'-.f.*il and accordioned and
the wm:i;;aga: buned itself beneath the roof
debris of the houses. House No. 21 had
also been severely damaged. The aircraft
was upside down. Fire broke out in about
20 places.

seven pump jets were got to work while
the airport fire officer searched house No.

21 for survivors, More pump jets arrived and
were got to wark, followed by waterspread
jets. Service and civilian helpers helped to
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remove debris and searched for passengers
and crew and any residents in the houses.

Between 15.20 and 19.10 22 bodies were
found, corresponding with the hve crew and
15 passengers known to bave been in the
aircraft and two residents ascertained by
police enquiries to be unaccounted for in
the houses. The operations were substan-
tially complete by 1944 but smouldering
debris was still hr;l:llg dealt with up to o 74 IR

It 15 clear that mobilization of all neces-
sary services  in adequate numbers  was
carried out with promptitude. Attendance
of hre appliances and equipment was fact
i excess of n_n.[llm,lnr_nl.*'-. primarily because
the Cheshire fre brigade and the Man-
chester fire control each assumed that the
mcident was m its own area.

All necessary equipment was provided ex-
cept that heavy caliber mechanical rescue
cyuipment was not readily available in the
quantity called tor m such a2 case. It was not
Hl];gutmi that this dehciency had any
serions resilts in this case,

The total number of rescue workers and
technical personnel who attended was about
300 and 1t was estimated that about an
equal number of civilians were intent on
rendering help in every possible way. Un-
fortunately, these publicspirited  willing
workers tended to hamper rather than assist
the operation. There was no single control
over the various services,

The rapid  mobilization of so many
vehicles inevitably caused trafhe congestion,
Such conditions are not surprising, following
a terrible accident of this kind, The way in
which the operation was carried out is to
tue credit of all concerned and there was
na way in which any lives could have been
saved or the material damage reduced.

TECHNICAL INVESTIGATION

A semor mspector of the Accidents In-
‘-L'u[l:’ltltill.'l Branch ui the Ministry arrived

t Ringway about 24 hr. after the accident.
Eh. saw Mr, Pettigrew the same evening
and, having heard what he had to say about
the Ht‘!rhﬂ‘li{l flaps, had a search made dur-
mg the night among the rubble, and by the
lollowing morning “recovered most of the
starboard flaps and also recovered No. 2
starboard flap unit and its ﬁl‘tingﬁ. These
were sent to Farnborough by air for ex-
amination at the Royal Aircraft Establish-
ment. Later the whole of the wreckage was
sent to Famborough and, as far as possible,
assembled there.

In order to make this part of the report
as clear as possible to the non-technical
reader, 1 will give a brief description of the
Haps, flap units and alerons, At the rear or
trasling edge of each wing there are three
flaps numbered 1 to 3 from inboard to ont-
beard, Except when taking off or landing
the flaps are within a kind of housing
tormed by the upper and lower falsework
structures which are hxed to the trailing
edge member of the wing, and are a con-
tinuation of its upper and lower surfaces.

There 1s a quite elaborate mechanism, in-
vilving a chain drive and a telescopic arm,
by which the flaps can be lowered, 1.e. made
to move outwards toward the rear of the
aircraft and downward. There are five posi-
tions for the Aaps: up; 20 deg.; 32 deg.; 40
deg.; and 47 deg. (down). The flaps on  both
wings all move together, being operated by

a single control, ruul the r_ETu.t of ]::l.u.rm"

them is that the pressure upon them of the
air as the aircraft goes forward has a retard-
g and hifting action,

Each flap consists of two scparate parts,
a main flap and a fore fAlap, There is a slot
between the fore flap and the upper false-
work and another hetween the fore fap and
the main flap. The slots remain open when
the flaps are lowered and closure of either
of the slots would substantially lessen the
effectiveness of the flap.

After the accident the flaps were found to
b= in the 32 deg. position, which would be
normal for the stage reached by the pilot
immediately before the banked tum oc-
curred,

The three flaps on each wing are sup-
ported by four structures called Bap umits
which are attached to the triling edge of
tlu wing and protrude toward the rear with-

1 the talsework, No. 1 Hap umit supports
Hu_ inboard edge of Hap No, 1; No. 2 flap
unit, the outboard edge of flap No. 1 and
the inboard edge of flap No. 2; No. "] fHap
unit, the outhoard edge of ﬂnp No. I and
the inboard edge of flap No. 3; and No. 4
flap unit, the outhoard edge of fap No. 3

Aileron Operation

There 15 an alleron (consisting of two
parts, inner and outer) on each wing, situ-
ated at the Erzlilfll:-; edge of the wing and
cutboard of the HRaps. The aillerans are
linged to the trailing edge and are con
trolled by a single Lm'll'ml in such a way
that when the starboard aileron moves up
the port aileron moves down and vice versa,
The cffect of moving the starboard aileron
down 15 to tend to raise the starboard wing
and so to make a banked turn to port, or
tce overcome anv tendency to make such a
turn to starbeard.

In order to prevent damage to the ailerons
when the aireraft is on the ground, they can
be locked in the neutral position by a con-
trol lever m the cockpit. The same control
lever operates to lock all the control sur-
faces (Le. rudder, elevators and ailerons)
simultaneously, This lever should, of course,
never be operated in flight, It could not be
operated accidentally because it requires a
considerable pull to move it,

No experienced and competent ]:I|ﬂt
would ever think of locking his control sur-
taces while approaching to land—if he did
s0, his aircratt would be completely uncon-
trollable. When the lever 1s moved to lock
the controls it pulls a wire which pulls seven
separate wires, each of which operates one
luck, there being two locks on each aileron
and one lock r:Ltf:IL on the clevators and the
rudder,

The manner of locking is that 2 movable
arm becomes engaged between jaws fixed to
the control surface. Although no particnlar
clearance between the arm in its disengaged
position and the jaws had been specified for
Viscounts generally, B.E.A. had l'-L‘LrIH]‘Lu
that this f_]f.u':!rl{u_ should be at least 0.1 in.
hi practice it was usually more,

Each flap unit is attached to the trailing
edge member of the wing in this way: [’n
the top and hottom of t!n: Trn]m' LL[:-:_
member are hﬂlh:tl fittings; (these are Li]l:,d
“forward httings™). To !'h-r: top and bottom
of the front L'-L'[EL :}f the fi; ap umt are holted
fittings; (these are called “aft fittings™).
The ﬁl’l:lng:-. are of aluminiom ;tlll[{;ljr,

A baolt passes from aft forward t'I:nrnugh
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the top att htting, the trailing edge mem-
ber, and the t::[] Forward ﬁnmﬂ' and 18
secured by a nut. On fap units 1, 3 and 4
1 bolt passes from aft forward through the
bottom aft fitting, the trailing edge mem-
ber, and the bottom forward htting, and 15
secured by a nut.

On No. 2 flap unmit the bottom aft htting
lias a small lug and there is one bolt passing
throngh the mam part of the aft htting, the
trailing edge member and a forward Iithnrr
and a smaller bolt passing throngh the ]ur-
the trathng edge member and a aul:nulnn
forward Fthn* (The reason for the sub-
sidiary bolt 15 that the position of No. 2 fla
unit in relation to the wing rib was :-'nn:]:
tHuit the man bolt could not be placed
centrally in the htting).

In every case the hn[t is sectred by a nut
4t its forward end. The bolts in different
positions are of different sizes. They are of
ligh tensile steel as also are the nots.

IFrom the point of view of this report
the important flap vmt 15 starboard fap unit
No. 2. The mmportant htting is the aft
lower Flﬂil]’:' of that unit and the important
bolt is the hrqu bolt through that htting,
This was a % in. dJJIIIL!"LI bolt and thn:_
smaller bolt at the same Atting was & in.
In the wreckage were found l*IH_ flap unit
and the main part of the aft hottom ﬁttmrr
with the head and part of the shank of ‘rh-.
i in. bolt (broken off so as to leave only
cne thread ), while the lug of the htting was
still attached to the trathing cdge member
bv the s in. bolt,

The remainder of the % in, holt together
with its nut was never found, despite dili
gent search. The surface of the Erua]-: i

the & in, bolt showed on examination an
appearance which left no doubt i the mind
of an expert (and my assessor Prof, Red-
shaw 15 quite satished about this), that the
bolt had been subject to fatigue: about
209, of the area appeared to have had a
fatigue crack spreading slowly across it,
about another 70", showed a more rapid
progress of fatigue, and the Anal 109 had
suffered a sudden tension fracture.

The break of the lug from the remainder
of the htting cannot be described with par-
ticulanity because fre had so affected the
broken surfaces as to destrov evidence of the
metallurgical character of the  fracture.
When fmlm.l the ﬁlp unit was L:H]]l}]l._t:..lﬁ.
detached from the wing but the indications
were that the top tlﬂl]:l'f-’ had broken after
the lower part of the unit had been de-
tached from the wing and it seems probable
that the top ﬁthnf' broke only in the course
of the final break-up of the aircraft.

At thas pu:lllt it 15 possible to draw
prima facie conclusions as to In;m' this acci-
dent may have happened. The & in. bolt
was hadly fll‘lf-’HLt] and the nltimate break-
ing of it may have been the frst step in
fflL chain of causation leading immediately
to the accident. If it did break the stress
on the lug and the & m. bolt holding it
would be considerable, and it was the lug
that bhroke,

Alternatively the lug may for some reason
have hm]-,t'n ﬁt"it and the stress so imposed
oa the & in. bholt would then have been
more than iu its tatizued condition it could
bear. In one or other of these wavs the
lower part of the fap unit hecame detached
from the wing. The air pressure on the

A copy of this quick-reading, 8-page booklet is
yours for the asking. It contains many facts on the
benefits derived from your business paper and
tips on how to read more profitably. Write for the
"WHY and HOW booklet."

McGraw-Hill Publishing Company, Room 2710, 330 West
42nd 5t., New York 36, N. Y,
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lowered Raps cansed them to lift the No. 2

unit so that it pivoted about its top Atting,

Matters now to be considered are: is
there any ascertainable cause of the Fatigue
m the % in, bolt? Was there any reason
(unless the bolt broke first) why the lug
shonld break? Were the ailerons put out of
action in any way?

Fabigue in a piece of metal 5 caused by
numerous alternations of stress in it. It is
most liable to occur at a place of high
stress concentrabion such as a sharp re
cntrant corner, e.2. the bottom of a thread
in a bolt. All the mam bolts supporting flap
units were subject to certain alternations of
stress but it had not been supposed up to
the time of this accident that stresses of
sufhicient magmitude could occur a sufficient
number of times to bring about fatigue
within the period in 1.'I.r|'||..,i| thas ]1.1]:}|:|i:r|1:|:[
te: this particular bolt. The guestion arose
—mmght such fatigue be of wide occurrence
nm main bolts .mppurting the lower fittings
of flap units in Viscount aircraft?

To obtain an answer to this question
an examination was undertaken by RAE.
of most of the bolts from lower fittings of
flap units in 100 Viscounts (out of 159
thien aoperating). Th's mvolved the examina.
tion of 845 bolts. As a result it was found
that: (a) in W.E. four belts besides the
one which had broken showed signs of
fmﬁut-—ﬂlu fatigne being substantial in the
1 m bolt from the lower ftting of the
No. 2 port fap unit and slight in the other
three holts, (No. 2 !il'.'!T]:Il'J'Hﬂ.l i n.: No. 3
starboard, No. I port (& in.); (b) including
those from W.E. a total of 33 bolts showed
signs of fatigue.

This was considered a significant propor-
tion but it is right to say that none of the
holts, except the two in W.E. that had sub-
stantial fatigue, were more than slightly
affected, the largest of the other cracks not
being more than 2% of the area of cross-
section of the holt.

All the fatigued bolts came either from
No. I or from No. 3 flap unit. No explana-
hon of why these were affected while the
bolts from Nos. 1 and 4 were free has been
definitely  established. The incidence in
bolts from No. 3 was slightly greater than
in those- from No. 2 (6.77%, as against
5.4% and 4.99,): but see the end of the
next paragraph,

The incidence tended, as was to be ex
pected, to be greater in aircraft which had
nad more landings. (Where a bolt had
been changed the relevant number of land-
ings was of course the number since the
new bolt was put in). Among the No. 2
bolts a striking difference was apparent be-
tween aircraft which had been modified in a
certain way in certain conditions, and those
which had had the modification introduced
im other conditions, It 18 necessary to ex
plam this modification, known as Mod. 799,

in some detail, It was npp]icd to W.E. n-

March, 1953, since when W.E. had flown
3,639 hr, and had made 2,973 landings,

According to the original rlulqn the larger
lolt for E!u, lower fitting of No. 2 flap unit
was @ & in. bolt. Now with the carlier Vis:
counts some trouble was experienced with
the Aaps. The defects were not of a serious
mature, Thev were such minor defects as
are usually expenenced with a new type of
aircraft.

W.E. itself had some of these flap trou-
bles but not to an exceptional extent and
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there 15 no reason to suppose that any extra
stresses on the supports of the H:Ip wirits
were caused by them, However, one thing
that happened in a nomber of Viscounts
was that the chain broke in the No. 2 Hap
unit and it was decided to strengthen this
cham,

For valid technical reasons it was cou-
siclered that the chain ought to be the
weakest part of the unit (because a hreak
in the chain was less likely to have serious
results than a break m the structure), and
50 when the chain was strengthened it was
decided to strengthen various parts of the
unit, i]J{'lmling the main holt ]u:lr!itlg the
lower htting,

After calculations as exact as the nature
of the problem permitted, the decision was
to increase the diameter of the bolt to
fa mm. The calculation imvolved assessing
the load expected to be carmed by the bolt,
:nd applyving a factor of 1.5 to arrive at the

“fully factored load” and then applving
another factor to v a further reserve of
strength; for fap attachment bolts in Vis
counts this second factor was at least 1.6
but for this particular bolt it was about 2.4,
that 1s to say the folly factored load was
about six tons and the '-.trf.ngt]l of the bolt
was stithcient for a static load of about 14
boans,

The name of Mod. 799 was given to the
whole modification mcluding the pr::n:l'-|.|u|'|
of a stronger chain and a larger bolt with
the associated work, In Viscounts which
were i course of manufacture and which
had not yet reached the stage at which this
part was completed, the modification was
mtroduced betore assembly; when the ex-
ammation was made after the accident none
of these bolts were found to be fatigued.

In Viscounts which were in course of
manufacture but had had this part com-
F]Lﬂ_d the modification was made m the
ictory; one of these bolts was fatigned out
of 35 cxamined. In Viscounts which were
already m operation (which included W.E.)
the modification was made elsewhere than
i the ariginal flf.l.'{]-l:l.. 10 of these bolts
were fatigned out of 32 examined. It scoms
clear that moadiheation after delivery tended
to merease the incidence of fatigue in No. 2
holts.

This modification cannot, however, he
regarded as the canse of all the fatipue
found since the No. 3 bolts had not been
modified at all and yvet had a significant in-
cidence of fﬂﬂglw- (Comparison of the
actual percentage incidence between No. 2
and No. 3 cannot unsefully be made since
the No. 3 bolts were on the average a con-
siderably older population).

OF all the Viscounts to which Mod., 799
was applied after delivery to operators, one
was madified by Vickers, four by Aer Lingus
and 17 Hmlmimﬂ W.E.} by Marshalls I Jy-
ing School Ltd., of Cambridge, This last
mentioned company, despite its name, car-
rics on an extensive business in work in con-
nection with the repair and modification of
aircraft and has a high reputation in that
connechon,

While five fatigued bolts were found in
the 17 aircraft modificd by Marshalls, one
was found in the aircraft modified by Vickers
and four (two in one aircraft and one each
it two others) in those modified by Aer
Lingus.

Exammation of the Atting concerned on
W.E. after the accident revealed certain
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The Jet Engine Department of Gen-
eral Electric Co. maintains several hotel
rooms in Cincinnati on a permanent basis for

Engineers who wvisit us, at our expense, to
discuss their future with JED.,

Perhaps some time this year, vou will
be our guest? We are searching for Engineers
with 2 or more years’ experience in

Control Systems Design
Control Component Design
Accessories Design
Mechanical Design
Aero-Thermo Design - Analysis
Test and Evaluation

Instrumentation Design

Please check your field of interest above, fill out
the coupon below, and mail to:

J. A. McGovern
Jet Engine Dept. AW-69
General Electric Co., Cincinnati 15, Ohio

Upon receipt of the coupon, we will
forward a brief form to return to us describ-
g your interests and experience. Following
this, vou may then be invited to “be our
guest” in Cincinnati to talk to our Engineer-
mg Managers and Supervisors so that we
may become better acquainted.

HERE IS WHAT WE OFFER:

@ Opportunity to work with top Engineers in a field
in which you are most interested.

@ Freedom to follow your own ideas; pleasant work-
ing conditions; complete work facilities,

@ Attractive salary plus 39 added aids for better
living, including Medical Plan, Stock Bonus Plan.

® 1009, tuition refund if you continue your studies.

Gentlemen:

I am interested in the possibility of an association with
the Jet Engine Dept. of General Electric.

Name

Address .

City Zone___State Phone
Degrees—__ College Date

Be sure to Include Your Field of Interest on Coupon. AW-69

GENERAL ELECTRIC

JET ENGINE DEPARTMENT CINCINNATI 15, OHIO
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Janitrol “knowns’ reduce the unknown

LS e

Because reliable aircraft and missile components are our
only business, the reduction of the unknown gets first
priority; “knowns™ are designed in rapidly because an
ample engineering and test stafl gets action. Here are
a few examples.

Top: Janitrol high-pressure air duct couplings save
one-third in weight over conventional designs. Newest
couplings are made up to 36" diameter for quick dis-
connects of jet engine tail pipes.

Center: Janitrol pneumatic valves and regulators com-
bine functions to save weight, bring new versatility and
dependability to air distribution systems for tank pressur-
ization, canopy seal, and other vital air-powered devices.

Bottom: Janitrol Platular® heat exchangers combine
the strength of the tubular type with the efficiency of the
plate in a new economical modular design. Can be tai-
lored to make maximum use of small, cramped spaces
where conventional designs won’t fit.

Call in vour Janitrol representative for proposals on
heat transfer, air control, and aircraft hardware problems.

Janitrol Aircraft Division, Surface Combustion Cor-
poration, Columbus 16, Ohio.

®Trademark of Surface Combustion Carparation
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pneumatic controls » duct couplings & supports « heat exchangers
combustion equipment for aircraft, missiles, ground support

unusual features as follows:—

® Marks of the bolt heads and nuts (both
the original 4 in. onc and the later {4 m,
one) on the Attings were uneven ie. were
more pronousced at one side than the
other, indicating that either the bolt or the
hole was out of true; and consequently the
loading on the bolt would not have been
truly axial; the position of the deepest im-
pression of the nut of the s in. bolt cor-
responded approximately to the fatigue
origin on the bolt; (something similar, and
even more pronounced, was found in the
corresponding  position on the port wing
and, on the assumption that in each case
the shatt of the + in. bolt was true to its
head, it appeared in each case that the %
in, hole was not concentric with the & in,
hole and that the axes of the original and
the new hole were not parallel ).

® Front face of the ftting had been milled
down by about 0.1 in.—one effect of this
bemg that the lug was 0.1 in. thinner than
as designed;

® Because the part of the tmiling cdge
member of the wing against which the
fitting had to rest had three snap rivet heads
projecting from it three small depressions
iad been made in the face of the fitting;
but the edge of two of these depressions
had fouled their rivet heads so that the face
of the Atting had not been lving true against
the trailing edge member,

The wings of W.E. (apart from the
Aaps) were manufactured by contractars,
Suunders-Roe, a company of high reputation
with long experience in the aircraft manu-
facturing industry. As to the parts relevant
to this inquiry, Saunders-Roe manufactured
the trailing edge member, the forward ft-
ting and the after ftting and reamed holes
for the 4 in. bolt,

The holes in the trailing edge member
and the forward fitting were onginally left
at vk in. and were reamed to 4 in. on final
assembly. After delivery of the wing to
Vickers, for some reason a replacement for
the forward fitting was asked for by Vickers,
and was delivered separately by Saunders-
Roe. This replacement was delivered with
4 7g in. hole which was reamed by Vickers
to % in. -

Because of the modification which later
took place it is impossible to tell whether
it was the 4 in. hufs or its bolt which was
ont of true. It appears from the evidence
that it is quite possible that in the course of
the successive reamings some mal-alipnment
of the hole came about. However, for the
purposes of this report any mal-alignment of
the & in. hole 15 irrelevant unless it led
to the mal-alignment of the 4 in. hole.

Modification Procedure

Mod. 799 as already explained was per-
formed on W.E. by Marshalls. They
reamed a % in. hole which may not have
been co-axial with the original 1 in. hale.
The reaming of this hole on an assembled
wing was an awkward job. Vickers provided
three reamers graded in size and Marshalls
supplied a socket to fit over the head of the
reamer and a senes of extensions to bring
the operating point clear of the flap unit.

The reamer was operated by a ratchet
attached to the outermost extension. This
extension was supported by passing it
through a hole in a steadying pad. The
mechanic operating the ratchet would be
unable to see the reamer. When the hole
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had in this way been enlarged to {& in. it
was cleared of swarf and checked with a
dommy bolt and then a 4 in. bolt coated
with a jointing compound was inserted.

Owing to the obstruction of other parts
of the structure the means of tightening the
nut on the bolt was nnusual: one man in-
side a tank compartment in the wing had to
fit the nut on to the bolt and hold it with
a spanner, while another man turned the
bolt head from outside.

Tightness was checked by an inspector
and the nut was locked by poppinz. (At
that time there was no requirement for
torque loading;, since the accident a re-
guirement has been introduced for the tight-
ness of such bolts to be checked by a torque
loading hgure of 350 Ib. in. However it
does not appear that the tightness of the
nut was a cntical factor mn relation to the
development of fatigue).

Subsequent experiments go to show that
when a hole is enlarged in the way described
the original hole normally tends to keep the
reamer n true alignment. Nevertheless in
the resnlt the axis of the % in. hole was not
true, How this came about remains uncer-
tzin. At the time when W.E. was modihed
Marshalls had already applied Mod. 799 to
about 10 Viscounts.

Before any  of this work was done
Marshalls' mspectors and the operatives
concerned spent some time at Vickers™ fac-
tory to study the operation; moreover when
the hrst three or four modifications were
done by Marshalls an inspector from Vickers
was present.

[t appears that at the time when this
work was done people highly experienced
in this type of work would never have sup-
posed that a reamer carefully operated i
the manner described wounld “wander” ap-
preciably. 1 am satished that inspection on
W.E. was carried out as fully as was prac-
ticable by Marshalls” inspector; the design
of the fittings made it impossible to examine
the seating of the nut and only about 40%
of the scating of the head could be seen
and that not accurately, The jointing com-
pound squeezes out and makes it still more
difhcult to observe the seating.

It was suggested on behalf of the British
Airline Pilots’ Assn. that Marshalls’ records
were not as full as they should have been.
The records showed the work done, the
mspector and the gang of men responsible.
In my opinion it would be unreasonable to
ask for more. To record the exact part
played by each operative in doing a job
would involve an amount of clerical work
that would not be justified.

The machining of the face of the aft
fitting was done in Vickers' workshops.
There should have been a concession note
for this work but it has not been possible
to find one and probably none was issued.

I was assured, and accept the assurance,
that the work would not have been done
without obtaining the oral consent of the
design department and that those responsi-
ble for the design belicved and still believe
that the ntting was still of adequate strength
with this amount of metal removed. (A
similar fitting on the prototype 700 was
treated m the same way and on that occa-
sion a calculation was made to ensure that
the strength was not reduced too much and
a note was made that a concession had been
granted ).

The reason for the alteration was pmhubl}r

that on assembly the flaps were found to be
very slightly out of alignment and that the
machining was done to get them properly
aligned. The only materiality of the matter
is that the lug might not have broken if it
had been of the original thickness,

Wrong Rivets Used

It was by an oversight in the original de-
tailed drawings that snap head nvets and
not counter-sunk rivets were indicated. Only
W.E. and one other aircraft had been
htted with these nivets when the error was
discovered. Thercafter the rnivets were
counter-sunk but on W.E., it was considered
unnecessary to remove perfectly good nivets
which were already in place and the proce-
dure adopted was to make depressions to
accommaodate the rivet heads.

When the 0.1 in. of metal was removed
the depressions remaining in the surface of
the fitting would obviously be too small and
would have to be enlarged. Again this work
should have been covered by a concession
note but apparently was not. However, it
was obviously necessary to do it,

For some reason which is unexplained,
two of the depressions were not exactly in
the right position and instead of completely
enclosing their rivet heads the edge of cach
of these two rested on the edge of the
rivet head, This meant that the forward
face of the ftting was not in close contact
with the trailing edge member. (Certain
calculations suggest that the maximum dis-
tance between them was about 0.03 . but
this hgure is not definitely established).

Two possible consequences would be (1)
that when the two bolts were tightened up
the fitting would be under stress which
miay have caused the lug to break off. (If
this stress had directly caused such a frac
ture it would probably have happened at

. once, but it is possible that a minnte crack

was caused which led in time to some de-
gree of corrosion followed eventually by
fracture). (2) That when the original 1 .
bolt was removed for Mod. 799, the fitting
still held by the 2 in. bolt would slightly
spring away at the other end of its face
(though the attachments of the ftting to
the flap umit would tend to reduce any
such springing) so that it would be in a
slightly different position when the reaming
operation was performed from the position
it would take up when the % in. bolt was
inserted and the not tightened.

This, therefore, is a possible cause or
contributory canse of the faulty seating of
that bolt. It must, however, be remembered
that the seating of the corresponding bolt
on the port wing was also faulty, although
the htting was there lying snugly against t%u
trailing edge member.

A careful experimental investigation has
been made by RAE. into the question of
whether faulty seating of the bolt head or
the nut had any effect on the incidence of
fatigue, The results establish that an inclina-
tion of a few degrees may drastically reduce
the fatigue life of the bolt.

Unless the inclination was so small that
the bolt head or nut could bed down on the
htting the effect on fatigue life was not
related to the angle of inclination Broadly
speaking the investigation showed that a
bolt accurately seated could withstand about
twice the alternating load of a bolt with
inclined seating.

But the r:l?ur:t of inclined seating on
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fatigue life in certain ranges of altermating
lcad was found to be of a hjnh order. The
findings may be summarized as follows:
with loads up to four tons te the square
inch both well-seated and badlv-seated bolts
still had an indefinitely long life; between
four and eight tons to the square inch, well-
seated bolts still had an indefinitely long
life but badly-seated bolts had a limited life;
fiom eight to 12 tons to the sguare inch
both had a limited hife but the life of a
well-seated bolt, expressed in alternations of
loadd, was about 50 times that of a badly-
scated one.

Up to the time of these inveshigations
it was not known even to expenenced acro-
nantical engineers that the seating of a bolt
could have such an important bearing on
fatigue life; the matter had apparently never
heen studied before except for one series of
experiments in the United States, the results
of which had been published in 1955 but
were not widely known.

It is now clear that the mal-alignment of
both { in. bolts in W.E. is an important
factor to be considered in relation to the
high degree of fatigue which had developed
in both of them. On the other hand it can-
not be said that no fatigue would have oc-
curred if the bolts had been accurately
seated: for among the 218 bolts from other
Viscounts found to be cracked were at least
two which had cracks to the extent of about
2% of the cross-sectional area and which
showed no signs of mal-alignment.

Flap Deformation

Other expermments were made by RAL.
and Vickers to discover what deformation
of the flaps would be likely to result from
the Failure of the connection at No, 2 umt
bottom ftting and what ¢ffect on the Aight
of the aircratt this would have,

The conclusions reached were that in all
piobability the top fitting held and the
unit pivoted about this point until the bot-
tom of it came away to a distance ot about
six inches from the trailing edge member,

The distortion of the starboard fap svs-
tem which resulted (imvolving the closmg
of the slot bebween the fore fBap and the
upper falsework) wonld J'ntrmﬁu::: sufh-
cient asymmetry to cause the roll and turn
which was observed, provided no corrective
action was taken by the use of the ailerons,

The rolling h_nl:]-Luu would, however, be
well within “the corrective power of the
slerons. This matter was investigated by
both Vickers and RAE. Vickers made a
mechanical test on a wing, simulating the
conditions believed to have affected W .E,
and obtained a certam deformation of the
flaps, They then caleulated the aileron angle
necessary to hold the resnlting roll and con-
cluded that it was probably 2.4 deg. or at
most 3.5 deg.

R.ALE. made Hight tests and simulator
tests and concluded that the deformation
Ilright have brought about a somewhat
greater loss of lift than was found by Vickers
and that to cause the roll deseribed by wit-
nesses fHap damage equivalent to about 4
{?tg. of ailleron would be needed. Aderons,
if working normally, could turmn through an
angle many times as great as this, (dmmu
lator tests, checked by full-scale flights,
showed that control h'l. the use of mddu
alone, with the ailerons locked, wounld have
been marginal and almost certainly mpos-
sible in practice under the conditions exist-
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ing at the time), This leads to a considera-
tiom of whether the ailerons were locked in
SCANC '|.1|-"'-'3_1|'-

The wire controlling the locking devices
of the sktarboard aileron passed through a
fair-lead on No, 2 flap unit. Just inboard
of the unit it passed in front of a fuel pipe.
Geometrically it 1s clear that a movement
of the unit such as has been described
above would tend to pull on the wire (the
extent of this pull being moch magnified
by the proximity of the fuel pipe) and so to
lock the aileron. This would cause the port
aileron also to be immovable,

Tests which were made indicate that
while the degree of movement obviously
depends on the exact position of the wire
h\']i)tic-h cannot be ascertained), it would
have been possible for the ailerons to be
locked in this way, assuming a position for
the wire within {4 in. of the fuel pipe which,
though unusual (as shown by examination
of a number of other Viscounts), does occur
i a small proportion of cases. There are
several mdications in the wreckage that the
ailerons were in fact locked.

Elevators Examined

There was also some indication in the
wreckage that the elevators were locked or
partially locked and the rudder was locked,
These could not have been locked by any
such means as are described in the preced-
ing paragraph, It appears that the control
lever which operated all the locks was not
at the time of impact in the off position
but was at least a quarter of the way toward
the lock position. That would probably be
sufficient just to cause the locks to begin
Lo engage,

This leads to the question—did the pilot
operate the locking lever and if so, why?
The most probable answer, supported by
the views of competent witnesses and con-
firmed by the advice of my assessors, is this:
the movement of the flap umt locked the
atlerons; the pilot, when the roll began, at
cnce tried to move his ailerons and found
that they were locked; in desperation he
(or the copilot on his instructions) seized
the locking lever to see if he could free the
allerons and (it bemg at that time in the
unlocked position) pulled it towards the
locked position, This probably happened at
a time when the aircraft was, in fact, irre-
trievably out of control. The locks would
not necessanlly  engage wmmediately  but
would do so on anv control surface which
reached the neutral position while the lever
was being pulled. An alternative possibility
i5 that in the break-up of the aircraft some-
thing caught the main locking wire and
rmﬂuﬂ it; but no evidence of this having
appened could be found in the wreckage,

The question arises of whether BEA.
could have discovered before the accident
that bolts in W.E. and in some other Vis-
counts were affected by fatipue, None of
the ordinary checks would have revealed
this hecause such checks do not involve the
extraction of such bolts,

In about 1955 B.E.A, decided to apply
to Viscounts a “10% sampling check” svs-
tem which had been worked out in co-
operation with Air Registration Board and
the manufacturers for another type of air-
craft. This check was to be carried out on
the first Viscount in the feet to reach 6,000
lir. fiving, then on the first to reach 12,000
hi. and so on.

At anv one check 109 of the aircraft’s
holts hﬂmg within certain descriptions were
to he removed for the purpose of inspect-
ing the holes for corrosion, (The check was
never intended as a safeguard against fabguce
of bolts. Examination of such a small pro-
portion of bolts at such long mtervals wonld
be of little use for that purpose).

From time to time additional items were
added to the list, In August, 1956, bolts
attaching flap units to the tralling edge
member were added. Before the accident
the Rrst of the B.E.A. Viscounts to reach
6,000 hr. (which was not W.E. but O.G,)
liad been subjected to this 10% sampling
check. This was on Nov. 14, 19306,

One of the bolts removed happened to be
the % in. bolt from one of the No. 2 flap
units, Although the check was primarily a
check of holes and not of bolts, holts were
examined by a magna-flux test and in other
wavs and then sent to the manufacturers
for further examination. No cracks were
then found in any of these bolts. At a later
date after the accident the % m. bolt from
0.G. was submitted to a very stnngent
cxamination and was found to have a
minute crack,

TECHNICAL DISCUSSION

This section deals with a number of
technical matters relating to the matenal,
construction and assembly of the bolt and
fitting which failed, to the forces mvolved
and the probable cause of the Ffractures.
The opinions expressed are those of my
assessors, Prof. Thom and Prof. Redshaw,
which [ Fullv accept.

The htting was machined from a high
strength aliominium alloy extrusion to speci-
fication D.T.D. 363, the gmm of the ma-
terial runming fore and aft. This was con-
sidered by the designer, and quite correctly,
as being the most advantageous direction
for the grain, but as a result the direction
of the grain for the projecting lug provided
fur the % in, bolt was in an unfavorable
direction: nevertheless, the thickness of the
lug as designed, and its method of attach-
ment, would not have caused any undne
anxicty on this score,

We know that the thickness of the lug
had been reduced from 0.4 i, to 0.3 in. and
that the fitting was assembled with its face
clear of the trailling edge member; it would
therefore have been scarcely surprising if
the lug had been cracked by the tightemng
up of the bolts either imtially or subse-
quently during the incorporation of Mod.
799,

The elongation of alummium  alloy
D.T.D. 363 in the transverse gram direction
would not be more than 2%%-3%, and
therefore it i5 reasonable to assume that
atter assembly, as tar as skress was con-
cerned, this Tug was in a critical condition
and it may well be that a small tension
crack had alre: ady started in the very sharp
comner of the t.pu:r'r face.

A visual examimation of the lug fracture
showed that the failure was in bending with
some shear and that the failure commenced
st the sharp comer of the spot face. The
corner between the lug face and the mam
part of the fitting was rounded; the spot
face imp[nﬂ:_d om the curved portion of the
surface, causing a sharp re-entrant corner
there). As the fitting had been softened by
fire, it would not be possible to say whether
the failure of the lug was caused by fatigue,
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b stress Lurru'-.mr't or by any other cause.

Both the % m. and & m. diameter bolts
were manufactured from high tensile steel,
to specihcation 8,99, which calls for an
wltimate  strength of not less than 50
tens/in: the limits on the bolts, and the
holes Hn:mgh which they p.l'm_t], conform
to gnml engingering  prachice, The bolts
were threaded to BESA limits and the
threads were run out to mitigate the cffect
of stress concentration, Finally, the bolts
were given the standard cadmium coating
protection,

Fretting Observed

In addition to the evidence of fatigue
cracks, fretting was observed on the shanks
of various belts including the {4 in. bolt
under discussion. In this connection it is
to be noted that it s very unlikely that any
of these bolts were ever tightened suffi-
ciently to prevent movement of the holt in
its hole,

In the case of Whisky Echo, this effect
might have been :j.uglllunt::d I:}' a dehnite
slackening of the holts caused by creep de-
formation of the heavily-loaded rivet heads
urider the fitting. These combined probably
explain the f:rLI:H'ng marks.

Fretting 15, however, only in the very
carly stages and is not indicative of any
appreciable movement along the axis of the
bolt (since the edges of the marks are
fairly sharp and correspond to the three
thicknesses of metal which the bolt passed
tht’r_litg]!'l_ The frct‘l‘iug could not be con-
sidered as contributing to the failure of the
holt but it does indicate a degree of move-
ment at this point which is relevant to the
question of whether a bolt i tension should
be used 1n such a situation,

It is necessary to consider the forces
which wonld be operabimg on the bolt and
fitting. As the Aap unit is rigidly bolted to
the wing trailing edge member, the reactions
at the attachment are 51‘&!_‘[{“.1”:.' indeter-
minate. We have at the lower attachment a
tension, an indeterminate shear force and
an indeterminate moment,

The exact values of these guantities de-
pend on the clasticity and deformation of
the structure, and are almost impossible to
calculate. Considering the bottom attach-
ment, as the loads on the flap unit with the
flap in operation are predominantly upward,
the two attachment bolts would be sub-
jected to a tension, an upward indeter-
minate shear force, and the indeterminate
moment which would bhe transmitted to
the structure as an additional tension in the
bolt and a pressure on the trailing edge
member from the edge of the fitting.

It is necessary to f.,xphrn how the bolt
could have been subjected to oscillatory
stresses of such a magnitude as to produce
a tatigue fatlure. The bolt would be stressed
due to tightening when initiallv assembled
and it would be subjected to direct and
shear stresses caused by the transmission of
loads from the flap. Vickers made carcful
calculations at the tme when Mod., 799
was introduced and these are substantially
correct, ‘

The question of indeterminancy never-
theless remains, and as mentioned  pre-
viously it is impossible to include every-
I‘]qu At some points in the calculation
Lahnm’ru of loads have to be made, and it
15 here that uncertainties are introduced.
It is, however, to be noted that these cal-
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culations are for the design case, that 15 the
worst case which the arplane s ever ex-
pected to encounter.

Since the accident Vickers has made a
serics of flight load measarements on the
Viscount flap support structures. These
showed that the over-all loads were in
good agreement with caleulated values. The
conclusion was reached that high frequency
ascillating loads occurring when the under-
carriage was extended were unlikely by them-
selves to be critical from the fatigie point
of view,

No. 2 flap unit is situated to the rear of
the rib which carries the mam undercarriage
leg, and thercfore shocks transmitted by the
leg on touchdown and subsequent taxiing
would cause oscillatory stresses in the bolt
itself. Furthermore, the unit 15 in the
proximity of the inner engine and therefore
any buffeting of the flap from the propeller
slipstream, and indeed from the under-
carriage leg when in theé down position,
would canse additional oscillatory stresses
on the bolt and fitting. The measured value
of these ascillatory stresses was =3 tons/in?,
or possibly Z0% greater.

It is possible that during the life of the
bolt there might have been a million such
stress repetitions. Reference to a graph
which summarized the results of expen-
ments made by RAE. with a number of
holts shows that this is perilously near the
failing load for holts whose heads and
nuts are not properly seated.

It shonld be noted that No. 2 ftting is
almost directly behind the inner starboard
enging. There is little evidence as to the
magnitnde of the disturbances which might
be thus produced. In this connection, it is
to be noted that no fatigued holts were
found in Nos. 1 and 4 flap units (which are
not m the vicinity of the engines) in any
of the aircraft which were examined.

Apart from the high frequency oscillatory
loads it is necessary to remember the much
greater alternating loads occurring in certain
conditions on landing and at takcoff. These,
as appears from fight tests and from Vick-
ers’ original calculations for Mod, 799 were
of the order of =11 tons to the square
inch.

As the bolt was in tension the stress
concentrtion factor could varv consider-
ably from bolt to bolt, depending as it does
on the surface fnish at the root of the
thread. The bolt was manufactured from
a high tensile steel which is verv notch-
sensitive, its Izod value being 25 ft. 1h. as
compared with, for example, 40 ft. 1b. for a
much lower strength high tensile steel of
specihcation S.96,

Therefore the sorface finish of any por-
hion of the bolt subjected to stress was of
the highest importance. From the evidence
given, we know that the threads were cnt
but not gr-r}lmr_T or polished and it was stated
that grinding or polishing might possibly
liave done more harm than good which is
probably quite correct. The point is that
a very notch-sensitive steel was used and
it was subjected to a concentration of stress
which 15 inevitably associated with @
threaded bolt under tension.

It could be argued that the RAE. tests
took account of the fact that the bolt was
improperly seated, as indeed they did, but
these tests were made under ideal laboratory
conditions which might quite well be more
favorable than the actual conditions obtain-

ing on the assembled fitting, It 1s necessary
to have i mind here the unknown applied
moment and shear force which almost cer-
tainly vary from aircraft to aircraft,

Having regard to all the matters referred
to in the last three paragraphs, it is possible
to account for the occurrence of such al-
ternating loads as would, taken together, be
sufficient to cause fatigue in the holt in
guestion and other bolts in similar situa-
tions supporting flap umts m Visconnts

During the hearing, frequent reference
was made to the .J:I!.th-'.hlhij. of using halts
m tension and it was stated that this was
general  CngImeenng pnct]n and that a
mulhpllr:th of bolts m tension would not
necessarily provide an additional safeguard.
This is true, but it must be remembered
that the bolt in question and its not were
of very high tensile steel. In most cases
tension bolts are made from a low tensile
ductile steel which would allow some 1m-
perfection in bolt head and nut seating to
be accommodated:; in addition, a low tensile
steel would not be so notch-sensitive and
therefore not so liable to the development of
a fatigue crack from any small surface im-
perfection,

The stress at the bottom of a thread 15
very much larger than the mean stress
across the section, larger by the so-called
“stress concentration factor” which could
be of the order 3 or 4. If, instead of using
the bolt in tension, the htting had been so
designed that the load was taken by a bolt
in shear, then the stress conditions would
have been entirely different,

For one thing, the degree of redundancy
m the attachment reactions would have
been reduced as no ﬁxmg moment woiuld
have been present, but of more importance
would be the fact that the threaded portion
of the bolt would not have been subjected
to stress and therefore it would never have
been in danger of fatipue at this point,

As to the consequence of failure, it is
clear that a fatigue crack in the bolt must
have been present before the lug failed. If
we assume that the fatigue of the bolt had
reached such a stage that it fnally failed n
tension, then the failure of the lug must
have been almost immediate. The 'En.ulmg
conditions on the lug would be those of
bend, shear and torsion but an examination
of the fracture shows that the failure was in
bending with some shear and that it com-
menced at the sharp comer of the spot
face, a byvpe of f:]lElIL hardly consistent
with the assumption of the prior failure of
the bolt.

Theory Supported

The kind of fallure which would occur
if the % in. bolt failed first was shown in a
photograph produced at the hearing of a
htting deliberately broken as a test. This 15
quite different from the failure on Whisky
Echa and so gives support to the theory
that the lug failed first. In all probability,
however, it Eatlu_t very shortly before the
accident. If the {4 in. bolt in its severely
fatigned condition had been bearing the
whole load at this point it would probably
have failed before the flaps reached the
32 deg. position.

It is conceivable that the fatigue crack
in the bolt had progressed only to 20% of
the area of its crossscction hefore the al-
ready over-stressed lug failed due to the
operation of the faps, or the lug may
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possibly even have failed duc to stress cor-
rosion or fatigne at this stage.

The surface of the fatigue crack in the
Lolt, after the well-defined initial stage, is
such as to indicate a more rapid advance of
the crack and it is just possible that this
next stage could have taken place during
the portion of the flight with the flaps re
tracted, when the loads would be small but
ct an oscillatory nature, The operation of
the faps prior to landing could then cause
the hinal failure of the bolt,

Although it may well be that the lug
failed frst, nevertheless the failure of the
fatigued bolt was inevitable. Even if the
lug had remained intact the bolt would
have fled before long, though its failure
might have been preceded by the failure of
the bolt on the port wing,

STEPS FOLLOWING ACCIDENT

Immediately after the aceident imforma.
tion of it was sent to Vickers, the Chicf
Inspector of Acaidents, RAE, and AR.B.
Discussion of the causes of the accident
and of precantionary measures to be taken
at once began between all these and B.EA.
The measures that were taken were the
result of agreement reached dav by day
as the investigations developed, '

On March 14, Vickers sent telegrams to
all licensed operators of Viscounts inform.
ing them of the accident. On March 15
the broken bolt was identificd and on the
eveming of that day it was sent to Vickers
and by them to RAE. On March 16 the
conclusion was reached that the breaking of
this bolt had something to do with the
anse of the accident. On March 16 and 17
the corresponding bolts on all Viscounts
m the BEA. fleet were checked for tight-
ness where they were except for two aircraft
which, for special reasons, were flown home
(ome from Amsterdam to London Airport
aind one from Glasgow to Wisley) without
passengers and withont the use of flaps on
landing,

At a meeting late in the evening of
March 17 it was decided that certain pre-
cautions should be taken, especially with
regard to Viscounts which had exceeded
1,500 landings. At that time particular at-
tention was being paid to checking bolts for
tightness and mstructions about this, dated
March 17, were issued by Vickers to all
operators; aircraft which had not exceeded
1,500 landings were merely to have bolts
tightened but aireraft which had exceeded
1,500 landings were to have bolts replaced
it found to be loose, or in any case within
a further 100 landings. There was at that
time no instruction for immediate retumn
to base or for special precaution in the use
of faps. On March 18 Vickers sent fresh
mstructions to all operators, to the follow-
g effect: (1) on aircraft which had not
vet reached 1,500 landings all bolts from
bottom fittings of Bap units should be -
spected  for tightness at the next: check
nearest to 100 Hying hours; loose bolts to be
tightened and re-locked; (2) on  aircraft
which had exceeded 1,500 but not exceeded
2.500 landings not more than 20 deg. of
flap should be used and aircraft shonld
reburn to base for mmmediate m[ﬁ:u:::mf_'nl'
of bolts at flap units 2 and 3; (3) aircraft
with over 2,500 landings should im-
mediately return to base using not more
than 20 deg. of flap and fit new bolts on
all four umits.
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B.EA, followed these mstructions. Vis.
counts which had exceeded 1,500 landings
were bronght home empty and without the
use of flaps; in fact., all their Visconnts
were bronght in rather ahead of schedule
and had all the bolts from bottom fittings
of flap units changed. This was completed
by March 29.

On March 19 Vickers sent to Viscount
cperators a request for retum of  bolts
with instructions for identification. It may
be mentioned that no cracks were found in
bolts from any aireraft which had had less
than 1,500 landings but a small crack was
formd m a J in. bolt from an arcraft
which had had only 1.462 landings since
Mod. 799. On March 22 Vickers began
drawings for a modification to strengthen
the support of all the flap units (Mod. D
Z175). On MNarch 23 Vickers sent to
Viscount operators directions for the in-
spection of httings (becanse although there
was no evidence of fatigue in the fittings,
1t was known that the lug had fractured
from a htting in W.E.), By March 27 the
first sets of parts for Mod. 1D 21735 were
ready and scts for this modification were
sent out for all Viscounts by about May 1.
B.EA. incorporated this modification in all
their Viscounts between April 8 and June 1.

Vickers" Modification

Mod, I 2175 may be brieflv described
as follows: The lower part of the flap unit
had reinforcing gussets and angle plates
added to it. A hshplate was added on the
outside of the wing surface so that there is
row an additional and redundant structure
for carrving the loads, These additional parts
are designed to carry the full load as it the
fittings and bolts were not there.

In addition the designers worked to low
stresses to ensure a good fatigue life. The
fishplate reduces loads in the bolts to about
half their ongimal value, It is believed that
this would extend the fatigue life of the
bolts at least 10 times. In addition, how-
ever, the bolts are to be examined period-
ically and replaced after specified periods,
The examination is made in the laboratory
and meludes a development of the magna-
flux test which development provides a very
delicate test for small cracks. As a further
safegnard the clearance of the locking lever
has been increased so that even if the unit
did become detached in the same way as on
W.E. (which is considered to be practically
impassible) the ailerons would not lock.

Vickers has also introduced for itself and
its subcontractors the practice of checking
by a bluemng test (which is a test for accu-
rate scating) any bolts i an aircraft that
tuke tension loads and any bolts in holes
reamed out on assembly,

No criticism was made at the hearing
of the remedial measures adopted but it
was snggested on behalf of the British Air-
line Pilots Assn. that in addition it would
be desirable that the aileron comtrol cable
should not pass through any guide on a flap
unit, so that if this unit did become de-
tached, there would be no possibility of the
atleron becoming locked.

[ am satisned that the modifications made
as inchcated in the last paragraph are suffi-
cient for this purpose and there 15 no prac-
tical reason for altering the position ot the
fairlcad. However, it appeared from the
cvidence that there would be no difficulty
m having the fairlead on the main struc

ture of the wing mather than on the fap
unit, and it would he worth while to make
the alteration if it would give pilots a sensc
of greater security,

Another submission made on behalf of
the BALPA, was that it would have been
desirable to cancel all Rights or at least all
passenger Rights of Viscounts immediatelv if
there was reason to helicve that a structural
fault had caused the accident, until a jude-
ment could be formied as to where the fault
lay and whether it was something peculiar
to \W.E. or not.

Such a decision must alwavs be a difficult
one to make and [ am not prepared to sav
that those responsible were in error in allow-
ing flights to continue during the first few
days of the investigations. It is accepted
that from March 185 onward all necessary
piecausions were taken, ‘

CONCLUSIONS AND
RECOMMENDATIONS

I concluded that this accident happened
hecanse:

® Lug broke;
® 9/16 in. bolt broke because it was badly

fatigned; j
® Aileron became locked when the flap unit

moved away from the trailing edge mem-

her.

I am satished that this was the probable
order of events, though it is not certain
that the lug broke before the bolt.

The breaking of the lug was probably an
indirect result of the fitting having been
machined down to the extent of 0.1 in.
and of the htting not having been seated
close against the trailing edge member, It
was unfortunate that the 0.1 in. of metal
was removed, The fanlty scating of the
fitting was a scrious defect of workmanship.
This was not discovered on inspection and
it may well be that because of the absence
of a concession note for the work done on
the htting attention was not directed to
checking the accuracy of the seating, All
these matters concern Vickers alone and
have nothing to do with Saunders-Roe or
with Marshalls,

The view I have formed abont the severe
fatigue of the % in, bolt is that it was the
result of a number of factors. 1 think the
magnitude and number of alterations of
stress to be expected at the bhottom at-
tachment of Nos. 2 and 3 flap units were
under-estimated by the designers. This is
the anly way in which the significant inci-
dence of fatigne in bolts from both these
uniits can be accounted for,

Sccondly, I wm satisfied that the method
of effecting Mod. 799 after delivery made
it impossible to do the work with as much
precision a5 when the modification  was
made in the course of manufacture. This
would explain the substantial incidence of
fatigue in main bolts from bottom fttings
from units so modified by each of three
highly reputable organizations.

Thirdly, T have no doubt that the larger
number of landings performed by W.E.
than by ncarly all other Viscounts is one
reason why there were bolts in it more
severely cracked than in any of the others.

Additional factors which may have oper-
ated in this comnection are that as this was
the first machine of its type, the manufac
turing difficultics would be greater than for
later models and (thongh this canmot affect
the % in. bolts) that the use of this aircraft
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for the specialized traming of pilots may
have involved some additional stress. Lastly,
I am satished that the fanlty seating of the
head and nut of this particular bolt brought
about the advance state of fatigue that was
present 1o it

Because the corresponding bolt on the
port wing is also out of alignment I do not
feel that the malalignment of the bolt
question can with any confdence be at
tributed to the faulty seating of the fitting.
It is, however, possible that the htting
sprang slightly when the bolt was removed
for enlarging the hole and that this led to
the hole being reamed out of true,

Whether this was 5o or not, it is fair to
sav that the state of knowledge of these
matters at the time when the reaming was
done was not such that those responsible
could have been expected to know that a
small error in the alignment conld lead to
a great acceleration of fatigue. If this had
been realized the seating could have been
submitted to a test known as a “blueing
test” which would have disclosed the error;
the normal practice did not require such a
test.

Whatever mistakes may have been made
m  connection with any of the matters
discussed m this paragraph, I do not con-
sider that any of them could properly be
described as a wrongful act or defanlt or
negligenee,

As to the locking of the ailerons, nobody
could have been expected to foresce this
and neither the placing of the control wire
nor the provision of a fairlead attached to
the unit could, in my opinion, be called a
fault in design.

Final Conclusion

In coming to a fnal conclusion about the
cause¢ of this accident, I consider that the
tatigne of the bolt was really the cffective
canse. It was this bolt that was designed to
carry most of the load and, even if the lug
broke hist, there is nothing to show that a
major structural failore would have oc-
curred 1f the bolt had not been severely
fatigued. '

It was, in fact, m such a condition that
it was bound to break sooner or later, and
if when it broke the lug was still attached
by the smaller bolt to the tmailing edge
member the lug and the small bolt had
mnposed on them a load which (although
according to the evidence thev were both
deemed strong enough to carry it) it was
rot their function to bear,

The locking of the ailerons is to be re
garded rather as something which made it
unpossible to prevent an accident than as
something which cansed it, In answering
the formal guestions, I consider it sufficient
to specify ﬁu: cffective proximate cause of
the accident,

The questions pot to the court were as
follows:
® What was the cause of the accident?
® Was the accident due to or contributed

to by the act or default or negligence of

any party or any person in the employ of
that party? |

The answers of the court are as fallows:
® Cause of the accident was the fracture of

the {& in. bolt holding the bottom of the

No. 2 starboard flap unit. The fracture

was due to fatigue.
* No,
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I have considered very carefully with my
pssessors the question of whether recom-
miendations for the future can usefully be
made. Different opinions were expressed at
the hearing by highly qualified witnesses as
to the general question of the use of bolts
in tension for supporting important struc-
tures. No absolute rules can be laid down
as applicable on all cccasions and future
practice must take account of future de-
velopments in knowledge and experience.

I am. however, 'E]]:Ili['{,".‘i."il:fd with the diff-
culty of calculating the magnitude of the
alternating stresses on such a bolt and how
often they will ocenr, and 1 am satished
that until this acoident happened it was not
realized that the precise alignment of such
bolts might be of great importance. I have
considered  whether to  recommend 2
periodical laboratory examination for fatigne
but it appears that once there 15 any sign
ol fatigue its development may be so rapid
that an effective svstem of checking would
hardly be possible and would m any case
impose an undue burden on operators. For
that reason I consider that recommendations
should be directed to the aveidance of
fatigne  rather than to  detection  and
remedial action.,

I therefore recommend:
® That reliance on a single bolt m teusion

for the support of a pnmary structure

should be avoided if possible.
® That where such bolts are nused an ample
margin  of strength should bhe  allowed

(having regard to the material of which

the bolt is made) so as to ensure that

fatigue will not develop at anv time in
the life of the bolt.
® T'hat where such bolts are used the seat-

ing of the bolt and nut should be care-
fully checked.

David Cairns

R. N. White

5. C. Redshaw

A. Thom

AMC Contracts

Wright-Patterson AFB, Ohio-1"0l-
lowing 15 a list of unclassificd contracts
for 525,000 and over as released by the

Air Materiel Command:

Lear, Ind., Grand Rapids, Mich.,, Gyro-
gevper, tyvpe MID-1, indieator, tvpe MM-3 and
MAT-4 and shock mount for FEU-3, A4D-2
and F11F-1 aireraft: (MIPR-BE58-1072-f2-
~On=), S4.500.610,

sperry Gyroscope Co, Division Sperey
Rand Corp., Great Neck, N. Y., components
[or the DSCE-80 =yvstem plus spares for
the QF-80 aireraft ; (PR-MA-5-05F-307 and
JO08), 768,000,

Aerosonie Corp., Clearwater, Fla., (vpe
MA-1 pressure altimeters for B-5T aircraft :
(PR's MA-8-05C-101, MA-8-05C-106, MA-8-
NLHC-1068 and MA-8-05C-2833), 3163,093,

Genernl Tire amd KHuabber Co., Akron,
Ohio, nose wheel assemblies for KO-1405A
aircraft; (PR-PE-1-03B-4600), 347, 954,

Aerosonle Corp., Clearwater, Fla., type
AlA-1 altimeters for KB-50 aireraft: (PR-
MA-E-06C-102 and OC-8-050C-2095), 74,875,

Courter Produoucts, Model Engineerine and
Manufacturing, Ine., Bowvne, Mich.,, MT-1
indieators, alreraft usage for F-106A, B,
T-38A, B-6ZD, H and G, F-10610 and C
alrcraft; (PR-PE-R-06G-3284 and 3264-1),
£5H. 054,

AC sSpark lug Division, General Motors
Corp., Flint, Mich., sighting, set-gun, homb
rocket, type AN/AJQ-1 for F-100F aircraft :
(PR-PE-T-11EB-4704), $84,634.

Montrose Division, Bendix Aviation Corp,,
South Montroze, 'a., transmitter, fuel pres-

for graduate engineers
interested in acquiring

SYSTEMS
EXPERIENCE

e

b T
J"“-'-'-'I"I'ii"-"_ﬁiugh intensive formal training

= and assignments of one to two years
duration, Hughes Field Engineers
obtain an over-all knowledge of the
most advanced airborne electronie.
weapons systems in tactical use and )
under development. They become
familiar with complete systems, in-
cluding digital computers, micrawave
equipment, high gain parabolic an-
tennas and anaji_;;g computers in their

operational development.

_ EE or F:ﬁ}[ S graduater?'*ﬁf
- accredited universities may inﬁlti-

~ pate tn_.r writing: ' “

. for ! =
Ikl 58 8t t . %

- the W&'sf‘-r leader in advanced electronics

_.-_I"";"';—".""""'""'"'—“"'---'*-—-—'I

I

HUGHES |

-.-l.l.-.—-:'

Scientific and Engineering Staff

RESEARCH & DEVELOPMENT
LABEORATORIES

| Hughes Airceaft Company.
¥4 Culver City, California
I3 ;
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ENGINEER OPPORTUNITIES AT RAYTHEON

L il
] L

-

-
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ARMY'S HAWK MISSILE is launched from mobile platform by f[ast-moving
land forces. Raytheon engineers working on prime contract developed the
design that makes possible missile's extremely low-altitude capabilities.

Where is your future
in Missile Engineering?

It’s your move. Your experience as a specialist in aeronautical
design work qualifies you for good positions with a number
of capable organizations. But somewhere 1s that special situ-
ation that will lead to the rewarding future vou want.

Before you make your next move, you’'ll want to take a long
careful look at the leading companies in missiles and where
they are heading. Your company list will include Raytheon
—now prime contractor for the Army Hawk and Navy Spar-
row 111, with continually expanding development programs
that need the talents of capable men in:

STRUCTURES: Stress analysis « Structural design « Dynamic analy-
sis » Static testing » Weight analysis

AERODYNAMICS (Missile): Stability and Contrel « Air loads
Performance

WIND TUNNEL TESTING -+ AERODYNAMIC HEATING
ROCKET ENGINEERING (Solid)

For interview in Bedford, Mass., please write, wire, or phone
collect to CRestview 4-7100. Ask for R, W. McCarthy.

RAYTHEON MANUFACTURING COMPANY

NMISS/LE SYSTEMS
DIVIS/ON

_.’_’__

BEDFORD, MASS.

Excellence in Electronics

88

sure, tyne k=1: (PR-AMA-G6000-1, -2 and -3).
40,76,

Phitharmonic Kadio and Television Corp.,
New Brunswick, N. J., AN/JARN-32, marker
beacon recelving set, spare parts and data
for T-33A, F-101C, F-104A, KC-135, B-52,
F-100F and C-130A aireraft: (PR-PE-7-
16A=455786, amendment XNo., 1, 2, and 3, B-02-
AA0E16-5C-01-2% and amendment No. 1),
LI454.041.

. F. Goodrich Avintion PProdocts, H. 9,
Gondrich Co.,, Davton, Ohio, spare wheels
for B-47 aireraft; (PR-00-8-0313-11086 ani
i-5-040B-1111), $808,000,

Chathom Electronices Division, Tung-Sol,
Inc, Livingston, N, J., power supplies, me-
tallic rectiffication, type G-1, spare parts,
pround support equipment and data for
B-52 and KC-135 aireraft: (PR-PE-5-030-
daav), 90,750,

CAA Contracts

Washington—Tollowing is a list of
comtracts as released by the Civil Aero-
nautics Administration:

Genernl Radio Co., Cambridge, Mpss,
S15. 283,50 for 42 slotted line assembly units
nnd =pare parts,

=jerrn Electronie Corp., Menlo Park,
(alif,, $17.813.560 for 25, wave nnalyeers,

MNorthern Hadlo Co., Néew York, X, Y.,
T17.680.2F for 10 twinplex combiners and
BIOITE Rrts,

sterling Hadiao Produacts, Ine,, Houzton,
Texn=, £15472.11 for 60 monitor units,

Raulnnd Corp., Chicago, 1., £15.0860 for
=h cathode ray tubes,

Bendix RKadio, Baltimore, Md.,, 15165740
for transformers and related parts,

Ares  Induousteies, Ine,, Bellmore, 1L 1.,
Ne 1., #14.0902.23 for 142 recelver sslectors
andd =pare parts.

Topn Manufacturing Co., Inelewaandd,
Callf,, #14.5%65.99 for 51 portable antenna
REH 15

Tektronkx, Inec., Towszon, Md, 214 851.20
for 26 oscilloscopes,

Army Contracts

Washington—Following 15 a list of
unclassihed contracts for S25,000 and
over as released by Armyv Contracting
Agencies:

PDEPARTMENT OF THE ARMY, Chl-
eapgo  Ordnance District, 200 W. Jackson
Fildg,, Chicago 6, 111,

American Machine & Foumdey Co,, (“hi-
cago, supply contract, thraster, 250 en.,
200 %10,

A, O, Smith Corp.,, Chicago, supply ¢con-
tract, nltrogen recelvers, 556 on. ft., 15 e,
EX0O,R50,

REDSTONTEE ARSENAL, USA, Redstone
Arsenal, Aln,

Continental Techuienl Serviee, Ine., [y
iom 2, Ohio, 4.200 additional man hours of
ehiglneering services, (PR: CS-271-57) sup-
mlemental agreement No, 5, £31.000,

CORPS OF EXGINEERS, USA, Ofice of
the DMstrict Engineer, St Paul Districet,
1217 10,8, Posat Offiee and Custom House,
=1, Paul 1, AMinn.

Toltz, Wing, Duvall, Aniderson and Asso-
cintes, Inec., St. Paual, preparation of con-
traet plans and specifications for four (4)
Nike installations, River Falls, Wis., Farm-
ington, Minn.,, St. Bonifacius, Minn.,, and
Itethel, Minn,, S50,800,

CORPS OF EXGINEERS, USA, Dffice of
the DMstrict Englneer, S5an Franei=zeo IDis-
trict, 180 JMontgomery St, San Franclseo,
Calif.

Carl Daniels, Monterey, Calif.,, ammuni-
tion storage facdilities, ADC type, Castle
AFE, Mercved Co., Calif,, (IFE EXG-04-203-
nT-616), contract No. DAM-203-ENG-5181,
24 R gk,

U. 5 Army Engineer Division, Xew Engz-
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Inmil, Corps of Engineers, Portland, MMe.

Bridge Construction Corp,., Augusta, Me,
construction of alterations and additions for
Nike batteries for Loring AFE  Delens
Arent, (DA-18-016-ENG-5802), 1FB EXNG-
1H=-016=-58-6.4), 166,520,

Harper & Lynch, Ine, 't Falrfield, Me,,
construction of afreraft Maeling facilities,
Loring AFHE, Limestone, Me., (DA-18-016-
FexG=akih), ITFH ENG-18-01K-558-5&5, $111,-
=11.

Westinghouse Eleetrle Corp., Mobile, Ala.,
transformers, oll eircuit breakers, for Eglin
AFRB, Fla., Contract No: DA-0]1-076-TEN{i-
178, (IFB-EXG-01-D76-58-54), $151,265,

Muoloney Electrie Co., 2t Louiz, Mo, volt-
age regulatorg for Eglin AFE, Fila,, §44.%71

Whaley Co., Ine.. Birmingham, Ala., con-
giruction of operations squadron bldg, at
Columbius AFBE, Mis=, $105.567.

Federnl Pacifle Electrie Co., Newark,
., J. transformers for Eglin AFRE, Fla.,
£1048, 180,

ESCO  Manufacturing COo., Greenville,
Texns, transformers for Eglin AFB, Fla.,
g3, 788,

Lujdlaw Construction Co.. Mobile, Aln.,
ronstruction of ditch eclosure at Brookley
AFE, Ala., $74,6R87.

LAYS ANGELES ORDNANCE [} =-
TRICT, UUSA, 40 5. Grand St., Paszadena,
CTalif.

Hevnolds Industries, Ine., Santa Monlea,
Calif., technical equippment, 40,5944,

Douglas Aireraft Co., Ine., Santa Monfes,
Callf,, Honest John improvement program,
(1) B242.834 (2) X51.GRT.

GilAllan Bros,, Inc., Los Angeles, emer-
gency anmnd Blue Streak requirements of
gpare parts for Corporal missile system,
*44.0b7,

Topp Industries, Ine., o= Angeles, angle
of attack transducers, $135,7390,

Lear, Ine.,, Santa Monica, Calif.,, gyro-
seope, $146,136.

CORPS OF EXGIXNEERS, USA, Otice of
the District Engineer, S5t. Paul Distriet,
217 1. 8. Post Office and Custom House,
=t. Paul, Minn.

Louis Nicholas, Grand HRapids, Minn,,
construction of recreptional facilities, multf=
purpose building at AFS, Grand Rapids,
AMinn,, (IFE ENG-21-018-57-23), $122.465.

Ashboech Constroetion Co., 3t. Paul, Minn,,
construction of east-west runway extension
atl Duluth AFDB, Duluth, Minn., {(IFBE EXG-
21-018-58-9), $910,612,

High-Speed Painting

Time-saving device for painting small parts
is used at Boeing's Airplane Co.’s Seattle,
Wash., plant. Previous method of paint-
ing one side at a time required three man-
hours, New method, utilizing revolving drum
made of scrap parts, and fast-drying paint,
tukes one man only four minutes.
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outstanding opportunities in

AERODYNAMICS

and

THERMODYNAMICS
in support of Advanced Design

Engineering research teams at Northrop today are exploring the laws and forces of
the Universe which will guide our interplanetary paths tomorrow. Projects concerning
advanced design missiles, space platforms, and similar complex tasks now under way
reach far into the future and exceed the capabilities of engineers with average experi-
ence. Engineering specialists and senior engineers of superior abilities and dedicated
vision are finding unmatched challenges at Northrop. A limited number of additional
positions of highest responsibility requiring advanced degrees or demonstrated capa-
bilities are available in the following fields:

PROPULSION SYSTEMS PERFORMANCE

Engineering specialists with advanced propulsion systems experience are required to set up study
programs directing the efforts of other engineers. These men should be familiar with automatic
computing technigues, and the problems inherent in integrating propulsion systems with overall
vehicle objectives.

Seniar engineers with majors in propulsion or physics are required, preferably with at least five
years of experience in the aircraft or missile field. Positions call for direction of project effort in
research investigations and Advanced Design proposals, setting up projects, making analyses of
propulsion problems of test data, and directing the efforts of others,

INTERNAL AERODYNAMICS

Senior aeronautical engineers are required in this area to perform advanced inlet system design
and performance analyses in support of Northrop's advanced design effort. These men will be
responsible tor prehminary research investigation of data, determination of design criteria, and
analylical methods in internal aerodynamics and propulsion performance. They will define the
geometry and performance of advanced induction systems for air-breathing engines and develop
the requirements for induction systems control. Experience in internal aerodynamics is essential
egxperience in testing techniques 15 extremely desirable.

AEROTHERMODYMNAMICS

Challenging positions are open for performing advanced analyses in boundary layer, heat transfer,
mass transfer, jet effects and hypersonic real gas flow fields. These men will provide technical
direction in the field of aerothermodynamics for advanced design and development projects,
including analytical and experimental program responsibility. They will also develop criteria for
the evaluation of aerothermodynamic design aspects of extreme high speed flight.

FLUID DYNAMICS RESEARCH

Senior engineers and engineering specialists are needed to conduct apphed research projects
throughout the broad field of fluid dynamics. Involved are projects in the study of unsteady aero-
dynamics, hypersonic flow field, aerothermoelasticily, separated flow fields, laminar and turbulent
boundary layers and dynamic stability. Research is also directed toward establishment of advanced
testing techniques and the utilization of IBM 704 high-speed computers for the solution of technical

prablems.
AERODYNAMICS DEVELOPMENT

Engineering specialists and senior engineers are required to conduct analyses in stability contraol,
aeroelasticity and maneuverability lo define flying qualities. Assignments include establishment
of configuration geometry which will optimize flying qualities commensurate with design require-
ments.

* * *

The men selected to join Northrop's distinguished engineering staff in these positions are those
who even now are well recognized in their fields, The environment and facilities at Northrop are
amang the finest in the industry, and are conducive to the type of engineering research leading to
rapid technical and professional growth.

Confidential conferences will be arranged at your convenience. Please telephone, wire or write o
Mr. A, A. Aitken, Manager, Engineering and Scientific Personnel Administration,

NORTHROP

A DIVISION OF NORTHROP AIRCRAFT, INC.
1042 EAST BROADWAY - HAWTHORNE, CALIFORNIA
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EMPLOYMENT OPPORTUNITIES
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EMPLOYMENT OPPORTUNITIES

The Advertisemignts in this section include all employment opporfunities—executive, management. technical, selling, ofce, skilled. manual, ete.

NATIONAL
COVERAGE

Positions Vacant
Positions Wanted
Part Time Work

DISPLAYED ———=RATES———

The .t-]l-'_u-ul.:-mu rate I8 500 por inch for all advertising
pnppraring ¢n other than a contract basis. Freguency rates
gt oh reguest,

Civil Service Opportunities Employment Agencies

Selling Opportunities Wanted
Selling Opportunities Offered

Employment Services

Labor Bureaus POSITIONS VACANT

UNDISPLAYED

Helicopter Mechanics—With experience on
bell helicopters. Both domestic and foreign
52,70 per line, minimum 3 lines, To flgure advance payment azsignments. Hellcopter Surveya, Ine., Y. Q.

gount 5 average words as a line. Box 186, Sta. H., Bakersfield, Calif.
Position Wanted Ads are & of above rate =L
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eihseEative inssrtions,
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STANFORD RESEARCH

INSTITUTE

Haas Professconal Obprontunities in
Atplied Reseanck Defense Studies fon

OPERATIONS ANALYSTS
INDUSTRIAL ENGINEERS

Ot frantanities iun the
Following Fields :

Cost and Availability of In-
dustrial Items with Emphasis
on Industrial and Admini-

strative Lead Time

Correlated Analysis of Costs

and Scheduling

PWnite to. ..

PROFESSIOMNAL EMPLOYMENT MAMAGER

STANFORD RESEARCH INSTITUTE

MENLO PARK, CALIFORNIA

The continuing growth of activities at
SRl offers excellent opportunities for
qualified professional personnel with

BS in EE, ME or Industrial
Engineering

o

MBA or MS in Industrial
Engineering

with al least 5 years of industrial or
government eaperience in the fields
of Engineering Scheduling, Production
Contral or Budget! Contrel. Prefer-
ably 2 years of this experience should
be in Master Scheduling or Systems
and Procedures work in the aircraft,
electronic, or mechanical activities.

Projects are varied and professionally
challenging, offering unique oppor-
lunities to develop personal compe-
tence and brood experience.

Advanze stady spporlandlics
duaifadle ¢ the atea.

APPLIED RESEARCH CENTER OF THE WEST

AIRCRAFT - APPLICATION
ENGINEERS

EXPERIEMNCED Sr. Sales Engineers
Age 28-40. Degree in Engineering
(M.E., E.E., EM., A.E., or C.E.) Five
to ten years experience encom-
passing both Sales and Design En-
gineering in the Aircraft and/or
Missile field. Knowledge of Auxili-
ary Transmission Systems, Auxiliary
Power Systems or Servo Systems,

Our requirements are for men with
a creative and aggressive approach
to selling new products and systems
based on fluid mechanics and elec-
tronic principles.

Openings in Detroit, Southern Cali-
fornia, and MNew York.

Address all replies to:
VICKERS INCORPORATED

Administrative and Engineering Cenfer
Box 302, Detroit 32, Michigan
ATIN.: R, E. Barlow
OR
VICKERS INCORPORATED

3201 Lomita Blvd. Torrance, Colifarnia
ATTN.: B. T. Woolom

POSITION WANTED

ATR Pilot, Age 37. Air Force, Airline and
eight vears Chiefl Pilot Executive aperation.
DC3 and Twin-Beach 3700 Hours. Hesume on
request, PW-8147, Aviation Week.

Single, have ratings, comm., instrument, will
travel. PForeign or Domestic,. Am now em-
ploved as Aight instructor at CAA approved
gschool, Two yvears college. Age 29, Desire
aopportunity as company or airline co-pilot.
PW-8121, Aviation Week.

SELLING OPPORTUNITY WANTED

Electrical Engineer forming Manufacturer's
Representative organization. Experienced in
computing equipment, telemetering, tele-
phone, automatic control deviceas. Laboratory
facilities for repair and maintenance of prod-
ucts. Will handle high guality technical
equipment and components only., Capitaliza-
tion over $20,000. Chicago and midwestern
area. RA-8117, Aviation Weaok.

FOR SALE

Aero Commander 680 Bendix and ARC Radio.
Autopilot. Custom Interior. TT, 450 hours
S126.000 list, sell for 585,000, Lease avail-
nhlée, Take trade. FS5-2148, Aviation Week.

PBY. SA Converted 28-SACF Cargo, Passen-
wer 12 Seats (Price 252,500} Tatal Alrframe
time 1947 houors. Left engine 692 hours.
Right engine 709 hours. Convalr elipper
haw, Engineers compartment removed, fuall
cargo flaor, eéight windows, Cargo door, es-
enpe hatehes forward., Flre prevention and
detection. Stainless steel firewalls, Firewall
sheet off valves, Gns Tanks sealed, Excellunt
fabric. Tail Modification complied with., Cur-
eraflt is in good eondition and ready for im-
moediate delivery anvwhere in the world today.
Snle or Lease., James N. Routh., 3314 Ladoga
Ave,, Long Beach X, Calif. Phone Harrizen
H-56060,

For Sale—2 Rolls Royce V-1650-3 airplane
engFines, unused, crated, Lund, Box 101, Avila
Beach, Calif.

BOOKS AND PERIODICALS

£2.00 Can Save You Hundreds. NMow you can
receive monthly informoation on hundreds of
Inree and small aireraft for sale throughout
the United States. AL & glance you will
know what is available, hours, daté licensed,
price, ete. We tell who owns the alireraft;
vou deal direct. Send S52.00 today for a
full year's subseription to Flyers® Market,
BANS Conpgress Phkwy., Chicago 44, Tl

won't tell your
engineering future

We recommend a look at General
Electric's Small Aireraft Engine Depart-
ment. You see a clear consistent record
of growth and achievement.

In four years, SAED engincers won
development contracts for the T58
turboshaft, J85 turbojet, T6% *‘con-
vertible, . introduced a constant
speed control concept for helicopters
« « - achieved 3:1 and better power-
weight ratios . . . determined the feasi-
bility of one basic power section for
turboshaft and turboprop applications,

With each success comes growth,

MR, WILLIAM MERRILL, TECHNICAL RECRUITING

Today, several times its original size,
SAED’s engineering staff still functions
in small professional units.

Add to this record the enormous
potential of small gas turbines, and you
complete the picture for a secure pros
gressive carecr,

FAR-SIGHTED ENGINEERS
IGNORE THE CARDS . .. LOOK
INSTEAD TO A HISTORY OF
GROWTH AND ACHIEVEMENT.

I[F YOUR EYES ARE ON THE
YEARS AHEAD, WRITE US IN
CONFIDENCE TODAY.

SMALL AIRCRAFT ENGIME DEPARTMENT
GENERAL @3 ELECTRIC

1111 Western Avenue, West Lynn, Mass.

FOR RATES OR INFORMATION
About Classified Advertising

C;ﬂn lacl
34 e mf giﬂ' (o —.J{'!f 1{ f O/ﬂ.i.‘ﬂ'

ATLANTA, 3
1301 Rhodes-Haverty Bldg.

DETROIT, 26
856 Penobscot Bldg.

Marnufacturer of QPL and other hydraulic sys- WO od d 2-1793
1|'_l 1'.|I:|:|'I'-F|u|:||"|-|3r|-‘|'_-| .]EEEE q'..l'a“ﬁ‘ﬂd I;E!E:_' Enqjjneel;inﬂ H FDWEL{AE‘-EQH 3'&95] j GHAHTD war
representatives. Contacts in arcraft and allie . » - Il?
industries required. Territories open in East, Yﬂur Inqull’:}f BOSTON. 16 LOS AMNGELES,
vith, Midwes i West. Submit full detail S 0 SS s 4 . :
R L o USE NATIONAL CLASSIFIED ADVERTISING . 350 Pork Squore 1128 M ion 69351
P-8157. Aviation Weelk will }Iﬂ ve HUbbard 27160 R, YOCOM
pan N, Miehigan Ave,, Chicago 11, 11,

far bringing business needs or opportunities to the attention of men associated in adminis

trative, executive, monagement, sales and responsible technical, engineering ond operoting

Special value . . .

J. WARTH
CHICAGO, 11

520 No. Michigan Ave.

NEW YORK, 346
500 Fifth Ave.
OXford 5-5959

HELICOPTER MOhowk 4-5800 nbﬂgér;%:n
PMicls cod mechanies nesded capacities with the industries served by McGraw-Hill publications. For advertising rotes If wou mention this magazine, W, HIGGEMS R LAWLESS

Pilots must have 500 hours

call or write

RICK HELICOPTERS, Inc.
San Francisco Airport, 5. F. 28
Ph. Juno 8-187)

DON'T FORGET e

ihe hox number when anawering adver-

ar othar infarmation write:

Classified Advertising Division

McGraw-Hill Publishing Co., Inc.

| idenlily you as one of the men the

when wriling advertisers. Naiur-
ally, the publisher will appreciate

it ... bul, more important, it will

advertisers wanis to reach with this

message . . . and help to make

CINCINMNATI, 37
2005 Seymour Ave

Elmhurst 1-4150
F. X. ROBERTS

CLEVELAND, 13
1164 llluminating Bldg.

SUperior 1-7000
W. SULLIVAN

PHILADELPHIA, 3
Six Penn Center Ploza

LOcust 8-4330

H. BOZARTH
R. EDSALL

ST. LOUIS, 8
35615 Olive 54,
JEferson 5-4847

F. HOLLAMND
tlsements. It Is the only way we can | 2 DALLA.S, 2 SAMN FRANCISCO. 4
identify the advertiser to whom you are 330 West 42nd Street New York 36, New York DRI SN ST N v 1712 Commerce 5t., Vaughn Bldg. &8 Post St
writing. | you as a reader. Riverside 7-5117 DOuglas 2-4600
G. JOMES W. WOOLSTON
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BUSINESS OPPORTUNITIES

DISPLAYED RATE:

The odvertising rate is 531.00 per inch for all advertising oppearing on
Contract rates on request.

AN ADVERTISING INCH is meosured 74 inch verticolly en one column,

other thon on dbntract bosis.

3 columns—30 inches—to o poge.

average words a3 a

EQUIPMENT - USED or

RESALE

UNDISPLAYED RATE:

£2.70 a line, minimum 3 lines. To figure advance poyment count 3

line.

PROPOSALS, 52.70 a ling an inzertion,

EQUIPMENT WANTED or FOR S5ALE ADVERTISEMENTS acceptable only

in Displayed Style.

BOX MNUMBERS count as one line additional in undisplayed ads.

Send NEW Ads or Inquiries to Classified Adv, Div. of Aviation Week, P. O. Box 12, M. Y. 34, M. Y.

DEAL DIRECTLY WITH OWNER

EXECUTIVE
LODESTAR

VENTURA
BEECHCRAFT
C185—D18S

E18S
GRUMMAN
GOOSE and

SUPER WIDGEON

PBY-5A
T-66—PV-2—B-26
SIKORSKY 5-51

We ore owners of all these ond interested in
the purchose, sale, leass, and trading of oll
types of oircraft. Advise vs of your require-
ments to receive our custom proposal fto
meet your exoct acquisition or disposal needs.

TRADE—AYER CO.

AIRLINE DC-3
CARGO C-47
CARGO C-46A

C-46 — B-17

Foreign and domestic
operators

Will consider sale, lease, lease-purchase,
or operator participation, with respon-
sible orgonization on Cargo and Pass-
enger converted B-17; or paossenger-
ized C-46D. Both previously N, C,
Aircraft are ready for flight.

National Aero Leasing Corporation
P.O. Box 184 Telephone Newton 5-0734

AN FITTINGS & HARDWARE
Btainless, Aluminum, Brass, Stecl

All sizas—immediate delivery from world®s larg.

st shell stock., Buy direct from manufasturer.
Lower prichs—giicker service. Send for free wall

charts showlng completa line of AN & MS fitings
and hardware, We also maching paris fo your
own special print, and stock AN & MS forgings.

COLLINE ENGINEERING CORPORATION
G050 Washinglon Blvd. Culvar City., California

EXECUTIVES ATTENTION

TWIN BEECH ENGINE MOUNTS
# 1859100—New—Perfect

While They Last—%$%90.00 ea.

PACIFIC AERO SUPPLY
421 N. PRAIRIE-HAWTHORNE, CALIF.

FOR SALE, LEASE, LEASE-PURCHASE

28 DC4's, 7 DCg's, 33 DCT & 7B's, 17
Constellations £749's, 18 Boeing ¥77 Sirat-
ocruisers.

Can arrange long term financing and trades.

FRANK AMBROSE AVIATION COMPANY, Inc.

|

Immediate Delivery

We stock, overhoul, ond install

PRATT & WHITNEY WRIGHT
R1830 R1820
—75, —92, —94 ~202, -5, 72

R985 R1340 R2000

and sur most pepular DCI engine
R1830 - SUPER - 92

ENGINE WORKS

INC.

Lambert Field Inec. 51, Louis, Me.

THE

SEVMOTIV

STORY

RADAR

INSTALLATIONS

P [ oymolive

O'HARE FIELD CHICAGO

. . . ST . . 0. 181 Miami Int'l, Airport
L Linden Air :Lrl ; sl:n:l'&n. M, J, I Miami 48, Fla. Cable Airlond I Miami 48, Flm'ul:.TrII A
| abash 5-3000 Ph: TUxedo B-2464 Cable: Airambrose

C-47'S FOR SALE DC-3'S
ALSO

REPAIR OVERHAUL MODIFICATION

VOLITAN AVIATION

12820 Plerce St INC. Pacoima,
Phona EM-9-1283

Callr.

WRIGHT
1820-76A

Nowly overhauled by Grand Central Alreraft Co,
to latest Learstar specification.

ROBERT A. DARMALL
|  Linden Airport Linden, M. J.

B ™ " Lo S
St. Louis

Lomisrd Fisld

Deal Directly
with Owner

HANGARS

U.5. Navy type.
120° clear span
by 200' depth
Doors 120°'x28°

All Steel Constructed. Excellent mone-
tary saving ond good delivery if you
are considering the construction of o
hangar of this sixe.

TRADE-AYER COMPANY

Linden Alrport Linden, N. J.
Watrash 53000

MAINTENANCE
Twin Beech - DC-3 - Lodestar

alr Station = 3564

CAA Apgroved R
& Limitaliony

Class 1 L 3

92

g”g AUTOMATIC PILOTS, NAVIGATION

AIRWAYS

ROCHESTER AIRPORT
PHONE: FAtrview 8-2720

ROCHESTER 11, N. Y.

& COMMUNICATION SYSTEMS

Collins, Bendix, Sperry, Lear, ARC , Wilcox

IN ALL INTERESTS
OF AVIATION

If You're Important, you either read

AVIATION WEEK

or you advertise in it, or both.
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8 out of 10 chemical milling plants
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use Turcoform Products,
made by CHEM-MILL!*

*Sole licensing ogenis under Patents by North
American Aviation, Inc, and Turce Products, Inc.

CHEM-MILL

DIVISION OF TURCO PRODUCTS. INC.
6135 South Central Ave., Los Angeles 1, Calif.
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F. J. Eberle, Businass Maor.

EMPLOYMENT OPPORTUNITIES

EQUIPMENT
fUsed or Surplus MNew)
For Sale ‘e

Ambrose Aviation Co., Ing.
Calling Engineering Corp............
Darnall .

Enging Works .. ... uciciciiiancaaisag ki
General Electrie Small Aircraft Eng. Dept.....
Remmiert-Werser Ine, ......ccovivriissrnnasdiis
Rick Helicopters Ime..........,.
Stanford Research Institufes..................
Trade-Ayer Company .........ccec08-022.

Volitan Aviation,
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More light planes are equipped

with Sensenich Propellers than
any other make.

FIXED PITCH METAL
CAA opproved up to 165 hp.

FIXED PITCH WOOD

CAA opproved up to 725 hp,
TEST CLUBS
up te 3000 hp.
Write for Bulleting ond Price Lisis.

Dept. W, Sensenich Corp., Lancaster, Pa.

Sensenich PAOP SHOP ... Ceriified Repalr Statlon
for all makes fixgd pitch metal or woad propellers
.« « Bensenich, Beech and Hartzell controllables. Mag-
faflux, etching, ansdizing and plating service avallabils.
Serviee Hangar on Lapcaster unitipal Alfport,

Appraved Propeller Repair Statlon 3538, Unlimiied
GClass 1 and 2 ratings.

SERVING THE AIKCRAFT INDUSTRY
FOR MORE THAM 25 YEARS

i
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OPTICES FOR INDUSTRY! QOPTICS FOR THE SPACE ERA!

Gianf FREE CATALOG | ”

OVER 1.000 OPTICAL BARGAINS
Compurrsrs = Microsapes » Magniiers
& & s S I'.'nn'-nn'rlng-. Quelity Comtral &idi
Astrenamical Telescopes + Sotellite Seopes
fo Sea the Woaders of Spacel

REQUEST FREE BO-PAGE CATALOG 'EW"*

MW JERSEY

EOMUND SCIENTIFIC CO., BARRINGTOMN
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LETTERS

French Aerobats

Knowing vour desire for accuracy, 1 would
hke to submit this correction to the arhicle
vy David A, Anderton entitled, “Italian
Team Piongers in Formation Landmgs,”
(AW May 19, p. §1).

On Armed Forees Dav o 1956 at
Evreux/Fauville Air Base, France, 1 and
several other US. pilots were somewhat
shaken when the French Air Foree Acro
batic T'eam, flying Ouragans, not only landed
but took off in their four-plane show forma-
tion, In other words, the slot man was n
the slot position from the time they taxied
onto the runway for takeoff until they
taxied off upon landing, except for their
homb-burst manecuver.

The leader of our own USAFE acrobatic
team from the Statue of Liberty "'L"r'ing at
Chauvmont commented that this French
team flew the tightest, most precise and
daring formations he had ever seen. Inci
dentally, this team was made up of two
dentenants and two sergeant-pilots.

Lt. Corn. Epwanp (). WiLLEFORD,
Professor of Air Science
Washbum University of Topeka
Topeka, Kan.

Rescue Beacons

We have noted that considerable interest
in air-sea-rescue radio devices has been in
evidence in many aviation periochcals, Com-
ments have :Ippr::lr:,'ﬂ both in the editornal
inaterial and i “Letters to the Editor.”

Of particular interest to us has been the
statements made with regard to the SARAH
suecess and the ntelligent querv as to why
it is nat used in the United States.

Our experience in this area has indicated
that air-sea-rescue radio beacons are not
universally used in the US. This is not
the case, however, in other parts of the
world., MNost NATO countries nse SARAH
bracons or air-sea-rescue purposes; the Uls.
does not,

In those ftew instances that beacons
arc carried by American planes, no pro-
tection is afforded while fiving over Euro-
pean, Canadian, and other regioms for the
1.5, equipment is not compatible with
SARAH receivers. The converse of this is
also true where a SARAH beacon will not
zelivate the Amencan search receivers.

The SARAI beacon uses one vacuum
tube, has over 20 hours’ life, and approxi
mate range of 100 nules. American beacon
contains four or more vacuum tubes, has
short life, and lower range capabilitics.
The cost difference is obvions,

Exercising our license nghts with the
British manufacturer of SARAHN, we are
carrently  developing a  beacon  called
LOCAR which will function L'Lll'IFLH].' well
on both sides of an mternational border
with complete compatibility, This we feel,
will result in greater safety by cutting across
preferences of various countries to different
technical philosophies.

It mav be of interest for vou to know
that many bheacons of the SARAH type
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Aviation Week welcomes the opinions
of its readers on the issues raised in the
magazine’s editorial columns. Address
letters to the Editor, Aviation Week.
330 W, 42nd 5t., New York 36, N. Y.
Try to keep letters under 500 words and
give a genuine identification. We will
nafl print anonyvmoups letters. but names
af writers will be withheld on request.

have been supplied for the recovery of
missile nose cones. SARAH, because of its
long ramge and high accoracv, has been
selected over other systems to recover an
expensive picce of hardware. We feel that
it 15 a tragedy that flight personnel are not
given the same opportunity for rapid and
economical recovery,
Cuartes Unpax
Administrative Engineer
Simmonds Aerocessories Inc,
Tarrytown, N, Y.

No Time

Statements  before the Unpreparedness
Committee, editorials and letters to the
editor combine to give me the mmpression
that our dependable old axiom ““Necessity
is the Mother of Invention™ is not adaptable
to the current big problem. It mav still
suthee for evervday civilian  requirements
(aside from medical), but in foture war-
fare necessitv will leave no time for inven-
tion. Unlimited production capacity s
worthless without something useful to pro-
duce. Mare basic research, under unihed
and competent supervision to prevent waste
and duplication, is imperative. For every
new war machine devised. there will logically
be many incidental benefits to humanity
{ possibly even a good hve cent cigar).

K. B. Runre
Annette, Alaska

Unfunny Sandwich

Your article “IATA Sets Sandwich Con-
fisuration” (AW April 28, p. 39) was very
amusing, vet it points up a state of aktairs
which is not at all funnv., Here is the
spectacle of two  American  corporations
(TWA and PAA ), from the last :-.E‘HJIIghIJII.]
of free enterprise. complaining to the griev
cnce committee of an international cartel
(the TATA Breaches Commuission) betause
the competition’s service 15 too good!

However, the real fault does not lie with
the airlings, bur with the regulatory system
ender which thev are forced to operate. The
cntire concept of air transport regulation 15
based on the assumption that airlines are
not fundamentally different from railroads
or public ntilities. Since 1t would be uneco-
nomical for several companies to duplicate
each others’ tracks or power lines. one or
rwo must have a monopoly of service in
thewr areas or on ther rontes. Government
regulation is necessary to prevent unreason
able exploitation of this monopoly, No such
monopoly is available to airlines except by
covernment decree, since an airplane can
be used on anv route to which its range
and  takeoff/landing  charactenstics  are

sutted. OFf eourse, along with monopoly
come government price-fixing and the obli
zation to fly low-density, unprofitable rontes.

The present dificultics in which the an-
lines find themselves (re-equipment finance
scarcity, dwindling profts, etc,), are entirely
due to the fact that they are prohibited
from charging realistic fares and flving
realistic schedules, except insofar as a ven
slow moving government agency perinits.

I believe that the following program
would result in sonnd airline economics and
at the same time improve the overall level
of services provided:

1. Permit any carricr to fly any routes
and schedules he chooses, to change them
at will, restricted onlv as to safety,

2, Permit the carrier to provide any qual.
ity of service and to charge fares he sees fit.

The possible objections which mav be
raised are:

1. The airlines will engage in “cutthroat”™
competition and go broke.

I, The airlines will charge outrageous
fares and the traveler will be “taken to the
cleaners.”

3. Small town, low-density routes will
set unsatisfactory service, or none at all,

The frst two objections are contradictory.,
Oune or the other situation may exist for
short periacds over a few routes, but the
airlines with highest cost and poorest serv-
ice will soon move elsewhere if the profits
are too low, and the overcharging airlines
will soon be faced with competitors eager to
share the bonanza of high priced routes.
The third can be disposed of by ohserving
that it an airline 1s forced to operate am
uneconomical route but is given a proftable
one to make up for it, the passengers on
the Arst route are being given service at
the expense of those on the latter. Where
services are needed, passengers will be willing
to pay enough to get it. If not, thev are at
iberty to ride the bus.

Free enterprise is what has made Amenca
rich and strong. Let's tov it in air travel!

Fraskryx |, Daveseori
Scattle, Wash,

Barrier Saves F-84

On Monday, Mav 12, an Air National
Cinard FF-54 lost power on takeoff and cn
waged the barncade assembly at Lambert
tield in St. Louis, Mo. The engagement
speed was set at 150 knots.

This barricade assembly is one of a set
we manafactured for McDannell Aircraft at
Lambert Field. It is designed to catch the
F-101, It was so successful in arresting the
aircraft, the only apparent damage was small
damage to the tail.

We felt vou would be interested in this
occurrence, This barricade is an air actuated
“fence” of nylon webbing. It is not a Davis
Barner. It may prove to. be the answer
for high speed airports in populous areas.
Wold-Chamberlain in Ninneapohs, O Hare
in Chicago. and many others, as well as
St, Louis, need a solution.

Jint Boyr
Bovt Harness Co.
Des Momes, Towa
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LEACH ELECTRONIC RELAYS

SOLVE THESE PROBLEMS:

1 malfunction due to vibration and shock

Execlusive counterbalanced armature with rigid central
pivot eliminates armature flutter, insures overtravel
and high contact pressure,

internal contamination

Inorganic, contaminant-free ceramic actuator
prevents formation of gases. Drawn aluminum
can is erimped to header to prevent introduction
of flux. Entire unit hermetically sealed and
mass spectrometer checked.

L]

malfunction at elevated ambients

Magnet coil wound with Teflon insulated magnet wire
on one-piece Kel F bobbin,
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BALANCED ARMATURE RELAY

Type 8229 2 PDT 5 amp, 3 amp, nieroamp

FEATURES
Rectangular configuration
Slud or bracket mountings

Terminals—solder lug or
polted leads

Silver alloy or gold alloy
contact material

Solid or bifurcated contacts
Coils available for ac or dc

TYPICAL RATINGS

Contact ratings (resistive} « 28 vde
or 115 vac single phase

3 amp « 125°C ac and dc

85°C (dc only)

Minimum operating cycles— 100,000
Weight—approx.—0.125 |bs,

Shock —50 G's

Vibration— 15 G's to 2,000 cps
Temperature range—70°C to -+ 125°C
Applicable specifications—MIL-R-6106C Class Ab, A8, BS,
minimum current tests applicable; MIL-R-67567B Class A and B

Also available for special requirements such as wicroamp
switehing, high vibration wnd special mowntings.
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LEACH'S COMPLETE LINE of Balaneed-Armatire
electronie, missile and aireraft relays is
described in our new catalog. Write today.
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it the same high degree of perform-
navigation ance, accuracy and reliability.
 aircraft at all times The computers are another example of Servo-
navigational capabil-  mechanisms’ Mechatronic Design Philosophy,
rol,” highly accurate ~ wherein each major function is accomplished in
| ned and pro-  a separate, functionally packaged module. The

i withthe  speods. exhi
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v nisms, Inc., are now being plug-in, pull-out design
izl orce balance transducer, reduces down time to a

minimum and enables
semi-skilled personnel to
~maintain this equipment
’~ by simple substitution
#~ of the plug-in modules.
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1in 2 knots in range of from

L

NS

=
10
.rlr

B, 1

= e

4 hiScem j’f’fUt_e_r is only one of a whole series of
 True Airspeed Computers produced by SMI.
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GENERAL OFFICES » 12500 Aviation Boulevard, Hawthorne, California

~ SUBSYSTEMS DIVISION ~ MECHATROL DIVISION SPECIAL PRODUCTS DIVISION RESEARCH LABORATORY

. Hawthorne, California  Westbury, L.l.,, New York Hawthorne, California | Goleta, California
ﬁ ThEprﬂducf&'ﬂf S_MI are H;raf?a"b.}’e*:fﬂ*,:Canéda-_-and throughout the world through Servomechanisms (Canada) Limited, Toronto 15. Ontario.




