







































































































































































































































































AIRFRAME, ENGINE AND MISSILE MANUFACTURERS

AERO DESIGN AND ENGINEERING COMPANY

During 1959, Aero Design and Engincering Com-
pany, Bethany, Oklahoma, delivered the 800th Acro
Commander produced by that company. On Scp-
tember 28, an Aero Commander 680L was delivered
to a Washington construction company. That date
marked a little more than eight years that the com-
pany had been in operation producing the twin
engine, six passenger executive transports. It was on
August 25, 1951, that the first completed produc-
ticnn Commander rolled from the line at Tulakes
Airport in Bethany.

During April the Aero Commander established

a world class speed record. Flying in connection

with the World Congress of Flight, Las Vegas, Ne-
vada, the Commander averaged 226.148 miles per
hour, over the official 2000 kilometer (1242.7 mile)
course. This mark for its class erased the old record
set in 1953 by a Russian Yak 11, The speed record
added to the laurels of the slcek business airplane.
The Commander also holds the class altitude record,

30,361 feet, and formerly held the world class dis-
tance record.

Aero Design and  Engineering Company was
producing four models of the Aero Commander.
They included models 500, 560E, 680E and 720,

The 720, or Alti-Cruiser, is the only light twin

engine airplanc being manulactured with @ pres-
surized cabin. Al four models have the same sise
airframe differing in ¢ngine size and special equip-
ment. .

The model 500 was introduced during 1958 1o
put the Aero Commuander airplane i-ﬂ a ‘}1”“" (:(11”_1'
petitive position in the business aireralt ﬂ_]‘ll .(L;
The 500 features 250 horsepower 0-H-10 Lyumlll“fg’
engines. It has the extended wing Jor greater _l.m‘
without sacrificing speed, grosses 6000 pounds with
a useful load of 2150 pounds.

The Acro Commander 560E iy known :15 -Lhﬁ
long-ranger of the flecet. It has a rangc of 1625 m:lfs
with a 30 minute reserve and is })()\\'crcd‘l)y Zé(),
horscpower engines. It is the 560k that formerly
held the distance record. .

The 680F is the model holding the speed and f‘lf‘i
tude records. Tt is powered by two Sul)erf‘lmlgci
340 horsepower engines, cruises at 926 miles P’UV
hour with a top speed of 255 miles per hour and h‘“,
a uscful load of 3025 pounds. . o

The 720 Alti-Cruiser, a prcssul‘imd busimness :1‘111-
plane, has a top speed of 255 miles per 11()1}1‘ W'IF}
a cruising speed of 226 miles per hout: The ‘(111~‘
plane is powered by Iycoming GSO 480 cngines
and has a service ceiling of 25,360 feet.

AEROJET-GENERAL CORPORATION

Acrojet-General Corporation, major producer of
propulsion systems for the Space Age, reported sales
ol approximately $350 million for the fiscal year
ended November 30, 1959. The 1959 sales compared
with $218 million for 1958 and $162 million for
1957. Company employment increased during the
year from 17,0006 to approximately 24,000,

New construction and plant acquisitions during
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the year brought total plant facilities of the com-
pany to $118 million.

Acrojet continued development of the Pow-el‘—
plant for the Air Force's Titan 1CBM missile, .WI.Lh
four successful launchings of the Titan ﬂllSSll'C
being carried out during the year. The company ]
Solid Rocket Plant made substantial progress in
the development of the Air Force's Minuteman






Range Planning Group at Monterey, California,
staffed with scientists far removed from the com-
pany’s day-to-day activities and able to devote full
time to scientific prospects and forecasts.

The company continued development and quan-
tity production of its series of Aerobee Sounding
rockets. These are one or two stage rockets capable
of carrying scientific payloads to altitudes of be-
tween 75 and 350 miles and are used by all the
services and by scientific groups for high-altitude
research in connection with missile and satellite
programs. A new series of space-probe vehicles,
called ASTROBEE was designed with capabilities
of reaching altitudes of from 500 to 5000 miles.

Extensive additions were made by the company to
chemical laboratories and development shops at
Sacramento, as well as to {acilities at Azusa and San
Ramon and at Frederick, Maryland. Implementa-
tion of the company’s agreement with Stauffer
Chemical Company of New York moved ahead with
the inauguration of the Stauffer-Acrojet plant at
Sacramento for production of High Energy Fuels.

The company’s foreign operations, which include
Bristol-Aerojet, Ltd., a joint company formed by
Aerojet-General and the Bristol Aeroplane Com-
pany of England during 1958, were further ex-
tended through an agreement with Mitsui and Co,,
Ltd., of Japan for marketing of sclected Aerojet
products in Japan; and with Westinghouse Inter-
national for the promotion of Aerojet-General
Nucleonics products throughout the world.

During the year, Aerojet-General’s technical

services staff at Cape Canaveral, Florida, wis :n.\f:A
mented Lo assist svstem contractors in flight tesung
Titan, Polaris, Thor-Able and Tunar probe vehicles
for which Aerojet supplics proprlsion. The com-
pany also reorganized its custon
activities and opened @
Detroit, Michigan,

and field service
new  District Office at
The Avionics Division continued to dcx'cln‘p and
supply to the Adr Force an ;xd\';m(’cdwypgj inlmjrC(-I
fire control system for the Lockheed F-104 .St;zn—
fighter. The Facilities -Engineering I)i\'i:s'i(m, ?\'hl-Ch
at year's end was incorporated into AET P\();\’.. 1?1f)-
vided instrumentation and range safety dcwccsi‘.n,
both Vandenberg Air Force Basc and the Iiumh.c
Missile Range at Pt. Mugu, California, which 1s
under Navy jurisdiction. .
The Plastics Division developed new mckct. (::;;—
ings and packaging devices for shipmct}t_()_f ShC"f
and other ordnance. The Ordnance 1)1\'.151()11 \\‘,15
especially successful In further demonstrations of 1ts
radical explosive metal-forming pr()(tcs.j. i
New applications for JATO (Lnkc-oﬂ assist ”i o
flight thrust augmentation) rockets were ‘d‘eve otl ‘
The devices were made optional cqln.pmen .}
several manufacturers of commcrci.al :urc-rft[f‘t,’ t1:(;
cluding Beechceraft, and JATO Junior, cer L; 1?‘1”1-
by CADB in 1958 was in increased demand .Ollulced
vate and corporate planes. Acrojet hz:s ptl(‘)( s
more than 800,000 JATO units in the 17 years oL 1t
existence. e General
Aerojet-General is a subsidiary of .
Tire and Rubber Company of Akron, Ohio.

ALLISON DIVISION
GENERAL MOTORS CORPORATION

Contracts for development of Minuteman ICBM
rocket engine cases and a unique satellite power-
plant were among highlights of 1959 for the Allison
Division of General Motors Corporation as it be-
gan putting into effect a long-range space-age plan-
ning program.

Allison stepped up development and deliveries of
frst- and sccond-stage rocket engine cases for the
solid-propellant Minuteman under a sul)~-c<)ntract
to Thiokol Chemical Corporation. Precise new
metallurgical controls and testing methods brought
4bout the use of light, high-tensile metals—a vital
factor in overall weight reduction.

Flaborate, massive fixtures and templates were
designed by Allison to shape accuraltely thes?
“clean’ steels into various components of the maxi-
mum strength, minimum weight r()‘('ket cases.

To assure uniformity of the Minuteman cases,
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Allison instituted a rigid program of d-lmuzf)l(?;‘rlll_
inspections during all machining Ol)eratléns *css‘urc
trol the exacting tolerances. All cases were Plds‘ Ser
tested at tensile loads up to 190,000 Pminst‘ ﬁi‘ed
square inch. Fullscale engines had been t€
before year’s-end. o leo were
While this work was underway, StudlCS. fl ' Lo
being made on pyrophoric fuels and thell d'p‘p1 ;H
tion to ramjct engines, In another ared rCS(v?d‘lC 1 ri;‘
were delving into the complexities of a strategic
interplanctary system. o Al
Under a contract awarded by the AT Force, _[ o
son was perfecting a Stirling-cycle solar power "WS_
tem capable of operating two years unuttCﬂdCd as a
source of power for space satellite illsll'lll)‘nt):l‘l.ts.
Developed to a pr;lcti('al efliciency by N. V. 1 hlhpﬁ
Gloeilampenfabricken of Eindhoven, Holland, this
modernized version  of that

once
i powcrl;l;m(












consists of two lightweight Aerojet-General solid
fuel rocket engines which add instant thrust to the
plane’s main powerplants, thus providing greater
safety and operating versatility. Later in the year
FAA also approved the same typc of installation
for the Beechcraft Twin-Bonanza.

Twice during 1959 Beech set new all-time records
for monthly dollar volume sales of business aircraft
products. In April Beech reported commercial
sales of more than $5.4 million—the largest dollar
volume month for business aircraft in company
annals. Then in August commercial sales soared
over $6.1 million for a new dollar volume business
aircraft record. And as of September 1, 1959, the
backlog of orders for commercial aircraft stood at
over 360, compared with some 30 units on order
on the same date one year earlier.

Beech export sales in 1959 also enjoyed healthy
growth. At the end of the fiscal year sales of avia-
tion products to foreign markets amounted to S7.8
million—a 70 percent increase over the export vol-
ume in fiscal 1958. Deliveries of Beechcraft Mentor
trainers, export counterpart of the Air Force and
Navy T-34, continued during the year. Besides
the United States, the Mentor now serves the gov-
crnments of Argentina, Chile, Colombia, El Salva-
dor, Japan, Mexico, Philippines, Spain, Turkey
and Venezuela.

Other important activities in the commercial air-
craft field during the vear included operation of
the 11th annual Beechcraflt Service Clinic in which
more than 1,500 airplanes were given free mainte-
nance checks at various distributor locations
throughout the country. Since inception of this
program in 1949, more than 11,600 aircraft inspec-
tions have been made by factory technicians at no
cost to owners. It is the only service of its kind in
the aircraft industry.

New contract awards in 1959 indicated that the
company’s highly diversified design, enginecering
and production capabilities have established Beech
as a top producer in the advanced air and space
fields. Tn April, North American Aviation selected
Becch from a field of 14 competing companies for
the development and manufacture of an alert pod
for the Mach 3 USAT B-70. Over 165 design cri-
teria were considered in the competition. A major
system of the B-70, the Beech-designed power device
will enable USAF’s intercontinental manned
bomber to become airborne in record time from
any base in the worid.

In May, the Air Force named Beech winner of
a 81 million facilities expansion contract for con-
struction of a “transient heat” laboratory at the
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firm’s Boulder (Colorado) Division. It was the
first contract of its kind ever awarded by USAF.
Transicnt heating is a relatively new method of
simulating thermal conditions of spuce flight from
launch to engine burn-out; it subjects missile and
rocket structures to the contir rally rising tempera-
tures encountered in travel th hugh the atmosphere
at extremely high velocities.

Also in May the Department of Dcfc.nsc an-
nounced that Beech had won a joint service com-
petition for an air launched Mach 2 expendable
missile target system to be designated KD2B-1.
Designed to fly twice the speed of sound and from
5,000 and 70,000 feet, the rockct»lxnvcrcd. KD2B-1
will be a low cost operational target with .?‘p'c.cd
and altitude performance matching the (‘lelll)lllll.es
of enemy threat aircraft. Beech won the award
a field of 18 guided missile and aircraft manufac-
turers. The target will enter service in 1962

First Army order for an initial quantity ol Beech-
designed KDB-1 medium performance targets ‘_"35
received in 1959, Already in volume production
for the Navy, the Army will use the l“emotc~(~m.1-A
trolled, recoverable piston-engine targcet fm an
defense system evaluation and tmining.. Originally
developed under a Bureau of ACI‘()I]leltl(:S contract,
the first production Navy KDB-1 flew mn August.
The 600-pound vchicle flies above 40,000 fect and
at speeds of 300 knots.

During the year Beech delivered to the Army the
first twin-engine [-23F multi-purposc transports,
a completely new airplane with a wide range of
military applications. A follow-on Cf)nlmd from
Republic Aviation extended production of.USg-.\F
F-105 aft fuselage sections and ailerons until mid-
1961. The year also marked On—S(‘thU]C C011]])1e—
tion of the Army 1.-23D Seminole, Lockhc.cd T-33
wing and B-47 external fuel store production pro-
grams. Under new projects, work commenced on
quantity orders for F-100 external fuel tanks, con-
tainers for the Polaris missile and New lightweight
Model 3141 gencrator sets. )

At Boulder, the company expanded its programs
in cryogenic engineering, high energy fue.ls m:(i
environmental testing. Tmportant projects i 1959
included production environmental testing - of
Martin Titan and Convair Atlas JICBM propulsion
system components to insure their functional de-
pendability. Other activities embraced development
and testing of rocket fuel systems and assemblies,
and design and fabrication of cryogenic ground
support and scrvicing equipment, such as liquid
gas transports, gas liquefiers, transfer systems and
storage containers.






resolved many of the flight path and re-entry difh-
culties. Research in this area included stability,
instrumentation, vehicle guidance, cooling, and
the management of flight energy.

Until very recently, metals adequately fulfilled
structural requirements. As vehicle speeds  in-
creased to Mach 15 and beyond however, it was
found that conventional design radically limited
the use of conventional materials. Bell scientists
have applied modern technology to the study of
materials capable of withstanding the stresses of

travel in space and where such were not available,
of making old ones serve.

Increased interest in ceramics led to extensive
experiments for ceramic structural design and at-
tempts were made to utilize the better heat resist-
ant properties of this material as well as others
such as coated molybdenum, the newly developing
nobium alloys, beryllium, dense silicon carbide
and coated graphite, several of these having appli-
cation to Bell's “double-wall” principle of hyper-
sonic airframe construction. Theoretical and ex-
perimental development work was also conducted
on leading edges of hypersonic vehicles based on
metallic and non-metallic refractory materials hav-
ing a high temperature capability. A plasma jet
was developed and produced in the engineering
and research laboratory for use in such programs
within and outside the company.

A major technological breakthrough by the com-
pany’s Avionics Division in inertial instrumenta-
tion and gyro design, coupled with a highly accu-
rate accelerometer, permitted development of a
high-performance navigation system for aircraft,

BELL HELICOPTER
During 1959, Bell continued production of its
two commercial helicopters, the three-place 47G-2
Trooper and the four-place 47] Ranger. Bell heli-
copters were at work in a variety of jobs in 52
foreign countries, their theaters of operation rang-
ing from polar regions to equatorial jungles.

In 1959, roughly 75 percent of the company’s
business was military, as Bell continued production
of several models for all of the U.S. military serv-
ices. The Army was the company’s largest customer.

Bell was turning out production quantitics of
the Army’'s HU-TA Iroquois jet powered helicopter

under a contract announced early in the year for
110 of this model.

Development work continued on the XV-3 con-

%6

missiles and space vehicles with greater accuracy
than has been known so far.

A similar accelerometer was produced in quantity
for the Army’s Sergeant surface-to-surface guided
ballistic missile. The unit's extremely stable con-
figuration allows very high performance over a
wide range of acceleration, .bration and tempera-
tures and is also readily adaptable to either analog
or digital applications. ]

Additional developments :1])])1i(ul)lc.m the he.ld
of incrtial navigation included a digital velocity
accelerometer
of the

ilizi “ti and
meter utilizing a production

special clectronic circuitry. The output
instrument prop()rtlmml to the
the A
obtain an extremely

is a frequency

acceleration measured by accelerometer.
novel technique is used to . ‘
linear relationship between acceleration and fre-
quency. o |
also developing radar

and visual surveillance

Avionics engincers were
countermeasures techniques )
cquipment to provide iden-
for ground survcill:mce‘1‘;1(1:11'.‘9.

The service test model, AN/GSN-5, of Bell's
Automatic All-'Weather Landing System was com-
pleted and flight tested during the year. \}ch lh'ls
model greater landing _ﬂCCUl“CY was
achieved than ever before. The service test 1.110'(1e1
was scheduled for delivery to the Federal Aviation
Agency at NAFEC, Atlantic Gity, New Jersey, for
evaluation early in 1960.

The Navy was formulating
of the Bell landing system on L
carriers while American and forcign airlines, con-
air traffic problem, were

devices and producing
tification capability

advanced

plans for installation
. number of aircraflt

cerned with the growing levi
; . . evice.
also contemplating installation of the ¢

CORPORATION

vertiplane, which on December 1 '
first successful 100 percent conversion .fllght- B(?th
Bell and the Air Force (:()nlpletcd their respective
XV-3 flight test programs during the year, ;mQ
turned the convertiplane over to NASA_M I\/I.oﬂ-ett
Field, California. The XV-3, a fixed-wing, tilting
rotor aircraft, was also being developed for the
Army,

8, 1958, made the

Bell also continued its work in rotary wing in-
strumentation development and the first dyflamlc
flight simulator for helicopters was in operation a.t
the company’s Fort Worth plant as industry C()Ol:(ll-
nators for the joint Army-Navy Instrumentation
Program.

Employment in October, 1959, was approxi-
mately 2,900.






involving a combination of methods. Five of these
companies are headquartered in the east, one in
the west.

Boeing’s entry into the space age field continued
to expand, with research design including a manned
orbital research station and counter-moon probe,
and a space vehicle capable of carrying men on
reconnaissance trips around the earth or to planets
within our solar system.

In keeping with the transition to the space age,
Boeing announced in August the consolidation of
three organizations into a single division. The com-
pany’s Seattle and Pilotless Aircraft divisions and
its Systems Management Office joined forces as the
Aero-Space Division. Lysle A. Wood, Boeing vice
president and manager of the Pilotless Aircraft
Division, was named general manager of the new
division.

In the small gas turbine field, Boeing’s newest
development in the 520 series continued successful
testing by the Industrial Products Division. The
series covers a horsepower range from 350 to 600,
with marine, turboshaft and turboprop engines all
under test. More than 100 Turbo-Starters, Boeing
turbine compressor ground support units, have
been ordered by several United States, Canadian
and European airlines and aircraft service firms.

Continued on-schedule production of the B-52G
missile bomber, which during 1959 established a
number of impressive records, coupled with an-
nouncement of the more advanced B-52H model,

highlighted the year's activities at the Wichita,
Kansas Division. The last of the Scattle-built B-52s
left the West Coast plant in January. .

The B-52H will have all of the missile-carrying
and other capabilities of the B-52G plus additional
advancements. First model is due off the assembly
lines carly in 1961. Plans call for the B-52H to be
phased in with the B-52G to 1 ure uninterrupted
production.

Among B-52G accomplishments were a non-sto!)
flight of more than 13,000 miles over 49 state capi-
tals and the District of Columbia, a non-stop non-
refucled mission covering more than 9,000 miles,
and flights to altitudes of nearly 60,000 feet. Also
successfully concluded were B-52G cold weather
tests in Alaska.

A research projcct disclosed during the vyear
involved a new and revolutionary instrument land-
ing system for aircraft. It weighs less than ten
pounds and costs only a fraction of present systems.

As anticipated, employment at both Seattle and
Wichita continued to decline during the year.
October totals were approximately 60,000 at Scattle
and 25,000 at Wichita.

Sales for the first nine months of 1959 tOtale.d
$1,181,066,874, and net carnings $8,166,681. This
compared with sales of $1,276,095,539 and net earn-
ings of $27,328,805 for the same period in the pre-
vious year. Unfilled orders at September 30,. 195?,
totaled $2,170 million, including $695 million n

commercial jet transport orders.

CESSNA AIRCRAFT COMPANY

The announcement of a proposed three-for-one
stock split following approval by Cessna Aircraft
Company’s board of directors on October 21, 1959,
climaxed a record year for the company. Both sales
and earnings exceeded any previous year in the
company’s history.

Sales by Cessna, excluding Aircraft Radio Cor-
poration volume, were $91,665,000 as compared with
$86,159,520 in fiscal year 1958. ARC did a total vol-
ume of $14,124,000 in the 12-month period ended
September 30, 1959 of which $8,800,000 was after
February 1, 1959 when ARC became a wholly-
owned subsidiary of Cessna. ARC is a leading manu-
facturer of airborne electronic navigation and com-
munication cquipment and is located in Boonton,
New Jersey. For the combined company, total sales
were $105,790,000. Preliminary earnings indicated
were $7.40 per share on the shares outstanding at
the end of the year including ARC carnings for
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the full 12-month period.

Commercial aircraft sales for 1959 were up about
$8.4 million over 1958, while industrial pr(?dllCtS
sales increased about $4.1 million. Cessna’s mdu:s-
trial products division manufactures hydrfmhc
pumps, valves and cylinders for farm machinery
and light industrial equipment. Military volume
declined as a result of completed contracts.

During 1959, the company marketed scven com-
mercial planes and planned to have nine prOdlEcts
in the 1960 line of aircraft. Models in productlon
during 1959 included the two-place Model 150, the
four-place Models 172, 175, 180, 182 and Skylane,
and the five-place twin-engine Model 310C. New
products being added to the 1960 line included the
four-place Model 210, a high-wing, single-engine
monoplane with retractable landing gear, and the

new Skylark, a deluxe package—priced version of
the Model 175.






Divisional scopes included:

Aeronautics Division: To concentrate on pTOd'

ucts and systems which operate principally within
the earth’s atmosphere. Included in this category
are piloted aircraft, atmospheric missiles, anti-sub-
marine warfare devices, tactical weapons and sub-
contracting components.

Astronautics  Division: To concentrate on

vehicles for exit from the atmosphere, space explo-
ration and re-entry and on ballistic and anti-ballistic
missiles whose range carries them out of the atmos-
phere and beyond.

Range Systems Division: To concentrate on the
establishment and operation of missile and space
vehicle test ranges.

Chance Vought Research Center: A separate
research function aimed at generating new knowl-
edge by scientists working on ideas in a creative
atmosphere. Other divisions will be strengthened
and supported through a strong basic and applied
research program.

Electronics Division: To intensify the company’s
operations in the electronics field to a much greater
degree, although Vought has been active in this
field for a number of years.

In the field of automation and electronics, Vought
in 1958 formed Genesys Corporation in Los Angeles,
California, a wholly-owned subsidiary which con-
centrates on commercial electronics in the computer
field.

In further diversification action, Vought in 1959
acquired a majority interest in National Data Proc-
essing Corporation of Dallas, manufacturer of data
processing equipment. National Data Processing re-
tained its autonomy; it gained capitalization needed
for expansion.

The first Scout research rocket, assembled by
Vought and marking the company’s first venturc
into the space age, was scheduled for firing in 1960

by the National Aeronautics and Space Administra-
tion. The company’s role in the NASA program in-
cluded building the payload airframe, transition
scction and control surfaces and integration of
Scout’s four solid rocket stages and construction of
a launcher for the 70-foot, 85,000-pound vehicle,

NASA said Scout is capable of putting a 150-
pound payload I a nominal 300-mile orbit and
sending a  100-pound instrument payload some
5,000 miles or more in a high altitude shot. Tt will
be used for space, orbital and re-entry research.

Also in the field of space research, Vought was
a4 member of the Boeing Airplane Company team in
an Air Force competition for development of the
Dyna-Soar hoost-glide vchicle.
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Backing up its research and development p‘ro-
gram, the company had in opcrzlti(m a S»i—n.lilllon
high specd wind tunnel designed to generate én‘ﬂows
up to 3,800 miles an hour in addition to 1ts I.m\'-
speed wind tunnel. An expanded and 1110(1(’1’111/.8.(1
heat treating facility, designed o handle the exotic
metals that will be used in bui. .ung the advanced
rockets and space vehicles of the future, was sched-
uled to be in operation during 1960.

In the field of heat studies, the company estab-
lished a $450,000 high temperature rcsgl';u’(‘h labora-
tory which tests the ability of {uels, fluid “fld })IT.(_‘U-
matic systems to withstand heat of great intensity.
A Sl-million hydraulic facility also was use'd f(n:
rescarch on hydraulic assemblics and })roduc‘uo.n_ of
precision hydrautic cquipment. Another ff1§111;§',
utilizing a ramjet test installation, 111.C€1511105 the
ability of nose cones to tolerate the terrific llellacn-
countered in rec-entry into the atmospherc from
outer spacc. 10,000

Year-cnd employment was motre than 10, -

The company also worked on a study contract
for the Air Force for a ncw deterrent W _
tem, termed “SLAM” for Supersonic LoW Altitude

.. i et engine, it
Missile. Powered by a nuclear ramjct gimne,
and would

CZlPOIl SYS-

would have practically unlimited range -
deliver devastating nuclear weapons anywhere on
the globe with extreme accuracy. .

In addition to its Crusader contracts _WIth thé
Navy and its “team” spacc-age projects “’.lth ?tITeII
aircraft companies, Vought was working with I\Olil
American Aviation on the Air Force’s Mach 3-11B-1/0
Valkyrie intercontinental bomber. Vought wi ) (Ci
sign and build the aircraft’s horizontal and Ve;“("l
stabilizer sections. The company was S?IGCte(
member of the North American team from @ com-
peting group of 21 contractors.

Vought independently was studying space systems,‘
crew quarters and control rooms for Spacecrzlft. It
was working on advanced propulsion, SYStCm? 'afll(i
plans to prove out designs in its own space rese(nc.l
vehicles and in team-developed spacecmft such as it
is helping to design. .

Studies in the field of zmti—submarine.Warf?ﬂ‘e
were another area in which Vought was making prog-
ress. For the Officc of Naval Rescarch, the com-
pany was studying advanced devices in the general
field of submarine detection. For the Navy Bureau
of Aeronautics it instituted exploration of new

a8 a

means ol protecting forces at sca {rom submarine
attack. -
The company, in its 1959 nine-month financial
report, reported sales totaling $191,686,384 31.'1(1 net
income of $4,297,437, or $3.61 a share, and said that



“the lower ratio of carnings to sales during the third
quarter of 1959 is attributable to a continuation of
planned emphasis on research anddevelopmentcflort

directed toward product diversification.” Unfilled
orders at September 30, 1959, included orders repre-
sented by letters of intent, amounted to $515,000,000.

CONTINENTAL AVIATION AND ENGINEERING CORPORATION

Continental's J69 turbojet Research and Devel-
opment program resulted in the birth of a com-
plete family of versatile powerplants based on the
J69-T-29. The J69-T-29 engine, a  1700-pound
thrust turbojet for target-missiles, was in produc-
tion for the Rvan Q-2C Firebee. This versatile pow-
erplant design uses a single-stage axial plus single-
stage centrifugal compressor, an annular combustor,
and a singlesstage axial-flow turbine. Fixed geom-
cury is used throughout resulting in a rugged, de-
pendable, low-cost powerplant.

Variations of the T-29 engine included 1900 and
2400-pound target-missile and man-carrying engines
with and without afterburners, an aft-fan version,
a boundary laver control engine composed of a
T-29 type engine driving a separate high perform-
ance compressor through a “free”-turbine, as well
as a shaft-turbine in the 3500-horsepower class. In
addition, a derated 1400-pound thrust long-life en-
gine was undergoing final development for manned
aircraft and was selected as the powerplant for
the Cessna 107 jet utility transport. The boundary
layer control engine was scheduled for delivery
to the USAF [or use on the Lockheed C-130. Mar-

ket requirements will determine the transition of
the others from development status to production
availability.

The J69-T-25 remained in production for the
Cessna T-37B USAF jet trainer. Turbo-comypressor
engines for ground support equipment as well as
for pressure jet helicopters were produced through-
out 1959 as well.

At vear-end the company was working on a
new special shaft turbine engine in the 400-500-
horsepower class for both helicopter and turboprop
aircraft.

Over 2000 J69 engines had been built by year-
end in addition to approximately 1100 turbo-com-
pressor engines. The CJ69-1025 civil version of the
1025-pound thrust J69-T-25 became the second
Continental built turbojet to receive FAA certifica-
tion. The company continued its association as
U. S. licensee for turbines built by Societe-Turbo-
meca of France. Turbomeca ARTOUSTE I1I-B en-
gines were supplied to both Curtiss-Wright and
Piasecki for use in their respective acrial jeeps

undergoing development.
£ £

CONVAIR
A DIVISION OF GENERAL DYNAMICS CORPORATION

Noteworthy among the research, development,
and production accomplishments of the Convair
Division of General Dynamics Corporation during
1959 were these: attainment of Air Force opera-
tional status for the Atlas intercontinental ballistic
missile; start of production on vchicles for space
exploration; delivery to the customer of the first
Convair 880 jet transport; delivery of first B-58
Hustler supersonic bomber to the Air Force and
demonstration of the bomber’s low-level flight
capabilities to match its high-altitude performance;
delivery of first F-106 advanced all-wcather super-
sonic jet interceptors to North American Air De-
fense Command; announcement of production of
advanced Terrier supersonic guided missile; devel-
opment of Red-Eye, a shoulder-fired missile system.

In addition, the promotion of August C. Esen-
wein to the post of Convair Division executive vice
president was announced. He succeeded J. V.

Naish, who in 1958 had been elevated to the Con-
vair presidency and to a senior vice presidency of
General Dynamics Corporation.

Total Convair employment in the General Office,
the Scientific Research Laboratory and the five
operating divisions in California and Texas was

~a

67,232 on September 25, 1959, as against 62,075 on
October 1, 1958.

CONVAIR-ASTRONAUTICS

Successful firings of the Air Force Atlas inter-
continental ballistic missile (ICBM) from launch
complexes on both the Atlantic and Pacific coasts
paralleled continued production of the missile by
Convair-Astronautics at San Diego, California.

Indicative of the Atlas’s position as the sturdy
wheelhorse of the early Space Age was the award-
ing to Convair of the first contracts to develop ve-
hicles—Centaur and Vega—for space exploration.
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Pomona disclosed plans for joint development of
Red-Fye. a new surface-to-uair, shoulder-fired, guided
The Army Rocket and Guided
Missile Ageney, Army Ordnance Missile Command,

missile  svstem.

awarded the company a contract totaling nearly
36 million 1o develop the weapon.,

Designed to give combat troops the capability
of destroving low strafing or bombing aircraft. Red-
Eve is readily man-transportable.  The missile
launcher is about four feet long, three inches in
diameter. and weighs nearly 20 pounds. When
capped at both ends. the launcher tube serves as
a shipping container for the missile. Red-Eve is
a composite structure containing pmpcllnntl. an
electronic guidance svstem, and a high-explosive
warhead.

Convair-Pomona continued its support programs
for other phases of Convair production, in addition
to work on ground support cquipment for the
Navy and the Air Force.

Two unrelated activities were of note during
1959. One was Air-Launched Rocketsonde, a
sounding rocket fired from a launch tube hanging
from three parachutes high in the skv to obtain
high-altitude atmospheric information wherever
present-day aircraft can fly. This new design con-
cept resulted from 3 three-year program conducted
for USAF’s Air Research and Development Com-
mand by Convair-Pomona. Company engineers
worked closely with the Aerial Reconnaissance
Laboratory and the Directorate of Procurement at
Wright Air Devclopmcnt Center in developing the
new device for making meteorological studies.

The other program found Convair-Pomona engi-
neers counting aircraft over the San Francisco Bay
area to gain first-hand knowledge about the dimen-
sions of the air traffic control problem. This proj-
ect was part of a broad research program initiated
by the Federal Aviation Agency, which was evaluat-
ing several Proposals for controlling movement of
aircraft in good and bad weather.

On September 25, 1959, Convair-Pomona employ-

ment totaled 5,906; the figure was 4,708 on October
1, 1958.

CONVAIR-SAN DIEGO

Major production programs at Convair-San Diego
included F-106A /B advanced all-weather supersonic
jet illlel‘(teptors for the Air Force and the Convair
880 jet airliner for domestic and foreign carriers.

Three Model 8805 logged more than 400 hours
of flight time in an intensive testing program during
which the aircraft met or exceeded all design and
performance estimates. The Federal Aviation
Agency Model 880 flight-test program started in the

fall and FAA certification of the transport for air-
line operation was expected in Mav 1960.

Trans World Airlines was scheduled to take de-
livery of its first two Model 830s in November and
December 1959, and Delta Air Lines its first in
January 1960,

Design work continued and production was be-
gun on the Convair 600, a 633-mile-per-hour jet
transport, and research and development programs
for guided missiles and electronic svstems continued
at a high level.

Emplovment as of September 23, 1959, stood at
21061, including off-site personnel. Comparable
ficure on October 1, 1958, was 24.555. Total floor
space was 5,005,641 square feet in the two plants of
the division.

The first Convair 880 jet transport rolled out of
the plant on December 15, 1958, during ceremonie.s
attended by some 2,000 guests. First flight of this
G15-mile-per-hour airliner occurred January 27,
1959, and lasted an hour and 14 minutes, with
chief engineering test pilot Don Germerraad at the
controls.

Convair 830 production was scheduled [O.I‘G'ZI-CII
six a month in June 1960. Production of the initial
Model 600 for American Airlines began in 1959 and
the plane’s scheduled first flight was set for Septem-
ber 1960. Deliveries to airlines were scheduled to
start in the spring of 1961.

Bv mid-October, Convair had received orders
for 85 Convair 880/600 transports. Fifty-one 880s
were on order, as follows: Trans World Airlines,
80: Delta Air Lines, 10; REAL of Brazil, 3; Civil
Air Transport of China, 1; and Capital Air Lin?s,
7. Model 600s were on order from American Air-
lines, 25; and SAS/Swissair, 9.

Negotiations for sale of the last of 176 Convair
Metropolitan 440 twin-engine piston-powered trans-
ports were completcd during the year.

Five squadrons of the North American Air De-
fense Command received their first operational
F-106 advanced jet interceptors off the San Diego
production line. Squadrons activated were at Mc-
Guire Air Force Base, New Jersey; Geiger Air Force
Base, Washington; Andrews Air Force Base, Mary-
land; Castle Air Force Base, California; and Loring
Air Force Base, Maine.

Six operational Air Force squadrons of Convair-
buile F-102 jet irtterceptors competed in Project
William Tell I1, the second annual USAF world-
wide weapons meet held at Tyndall Air Force Base,
Florida, in October 1959. Participating F-102s flew
in from bases in continental United States, Alaska,
Okinawa and Germany.
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In the missile field, a Convair-San Diego de-
veloped supersonic ballistic cargo missile, Lobber,
was initially fired at the Army’s Camp Irwin, Cali-
fornia, in December 1958. A 50-pound payload was
delivered intact by the 9-foot-long, solid propellant
missile over a range of approximately six miles.
Additional firing tests were conducted during 1959.

Convair-San Diego likewise continued extensive
studies for the Advanced Research Projects Agency,
Department of Defense, on ballistic missile defensive
systems.

Indicative of the importance placed upon elec-
tronics, Convair-San Diego established a separate
electronics organization in October 1959. The new
department began with 730 employes and 300,000
square feet of floor area for manufacturing, engi-
neering, research, marketing, and office operations.
The organization will expand development and
production of airborne and ground-based radar,
special ground test equipment, data handling instru-
mentation, and other electronics products.

An evaporative cooling system to prevent airborne
radar equipment from burning up in heat generated
in hypersonic flight was under development for the
Navy.

Work began on a $2-million contract for design
and production of a radar for a navigation-bombing
system for North American Aviation’s A-3] carrier-
based attack bomber,

Convair’s hydrostatic test tank was remodeled at
San Diego to accommodate a Model 880 fuselage
for a six-months’ pressure-testing program to simu-
la}te 20 years of rugged, medium-range airline opera-
tion.

A $2-million contract for design, construction,
and installation of an automatic data handling sys-
tem for Wright Air Development Center Labora-
tories, Dayton, Ohio, was undertaken.

Work was started on an Air Force study contract
to investigate use of sub-zero coolants in machining.

Manufacturing development personnel studied
high-energy forming processes during the year and
expected to accelerate their exploration of manufac-
turing by these methods during 1960. New brazing
mcthods and materials and new tooling materials

for high-temperature work were evaluated, and new
methods  developed for

fusion and resistance
welding.

Tooling plastics were evaluated in a search for
more stable and more heatiesistant material, and
scveral programs werc conducted to evaluate ceram-
ics for structural parts and as cutting tools.

On May 14, 1959, Convair-San Diego dedicated a
$2-million high-temperature structures laboratory
for research in simulating extreme loads and tem-
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peratures encountercd in the high-speed flight of
aircraflt, missiles, and space vehicles. .

During 1959, 45 plant improvement projects
totaling approximately $6.6135.000 were completed
bv Convair-San Diego. Miajor program wis the re-
habilitation of Plant I's two engincering buildings.
begun in 1958. Other large rojects included re-
lamping of major buildings at Plant IT, tc-)gelhcr
with installation of new steam generating equipnient
and improvements in the heating system.

The plant moved, in December 1958, into a new
$2.5-million facility at Holloman Air Force BHSC‘,
New Mexico, assigned to Convair for the F-106
interceptor armament test prograii.

CONVAIR-SAN DIEGO ENGINEERING RESEARCH

Among the engincering research pmgr:nns con-
ducted by Convair-San Dicgo during 1959 were
thesc: .

Investigation of the ;wrodynumic? of hypervel-m‘ ity
and high-altitude flows to determinc tl_lc effects ()f
real gas, including mean free path cfiects on lift
and drag; ' o (

Analytical and e,\'periment;ll m\'cstlg‘ltfon o
heat transfer in the vicinity of protuberances and
detached boundary layers of high»speecl
missiles;

Anti-missile research in
ablation, molecular beams,
and high-temperaturc air;

Studies of the mathematical and ph :
of hydrodynamical stability, with special € i
on effects due to a superimposed magnetic held;

Theoretical and cxperimental (1evelop@entlnf
underwater bhody and control surface fO}@S l- 1at
will cavitate to a minimum cxtent during high-

speed mancuvers;

aireraft and

ficlds of shock physics,
hypcrsonic flow ficlds,

ysicnl aspects
1l emphasis

o determine guid-

Studies in guidance dynamics t at
transmission,

ance geometry and equations, data tr fer
filtering, guidance computcr, and attitude refer-
ence requirements;

Studies of refractory materi :
ment of methods to produce fibers of refractory
oxides and the feasibility and e[fectiverTCSS of low-
density, low-thermal-conductivity ceramic fO?lmS;~

Investigations of the phenomena e)f structural
failures caused by sonic vibrations, with tests con-
ducted in the nozzle of a siren at sound levels up
to 165 decibels; - .

Development of a hypersnMc (Mach 7 to Mach

25) shock tunnel for experimental research in gas
dynamics h\-pcrsonic flow fields, and aerodynamic
s, hy

s related to devclop-

heating; .
Continuing studies on advanced radar techniques,



rescarch on displavs and tracking svstems for air-
borne radar svstems, and  development of high-
power lowaweight sonar transducers and focusing
svstems for ant-submarine warfare applications:

Under a joint program  with  Ames Research
Center, the instrumentation of a range section to
collect data on jonization effects;

Rescarch on infrared and photoconductor mate-
rials and their applications:

Experimental  demonstrations during an ASW
time-compression  program  which  indicated  im-
provement in detection possible when radar in-
formation is stored and re-displaved at higher than
normal rate:

Rescarch expected to result in development of
automatic checkout equipment for jet Iransports;

Studies ol a method for cooling clectronic equip-
ment by an evaporative film-type process, for in-
stallation in high-Mach airceraft:

Continuing studies on an “electric stick” project,
this being the second phase of a planned develop-
mental program to provide solutions to critical air-
craft control problems that mav be encountered
in future weapons system developments.

CONVAIR SCIENTIFIC RESEARCH LABORATORY

Twenty-five basic scientific research projects werc
undertaken during 1959 by the Convair Scientific
Research Laboratory (CSRL) in the fields of phys-
ics, chemistry, combustion, fluid mechanics and
mathematics.

The Laboratory received its first outside direct
financial support when the Atomic Energy Com-
mission awarded to it a contract for work by the
chemistry group on the thermodynamics of liquid
surfaces.

CURTISS-WRIGHT

Continued diversification and the development of
a variety of new products marked the progress of the
Curtiss-Wright Corporation in 1959, Among the
principal new products announced were the Curtiss-
Wright Air-Car, a completely new method of trans-
portation; a coal-based road paving binder material
for roads and airports; a VITOL “Flying Platform”;
and a low cost expendable rocket powered target.

Announcement of the Air-Car was made in
March, and interest was immediate and world wide.
The vehicle travels on a cushion of low pressure,
low velocity air over any unobstructed terrain and
water at a height of six to twelve inches. The Air-
Car does not have conventional wheels, axles,
brakes, clutches, transmission or frame. It can

Specialized equipment for the solid state phvsics
laboratory was installed leading toward the early
experimental investigations of diffusion in crystal-
line solids.

Emploving the world’s largest radio telescope,
CSRL scientists probed the universe to a depth well
bevond the penetrating power of the telescope’s
optical counterpart at nearby Palomar Observatory.
in San Diego. California, countv. The radio tele-
scope has been scanning the heavens from Clark
Dry Lake bed, some 100 miles east of San Diego in
the Ansa Desert.

Emploving the University of Southern California
Engineering Center's supersonic wind tunnel, CSRL
scientists working in the fluid mechanics area
gathered data for an analysis of the effects of mass
transfer on the supersonic boundary layer. In an-
other study, the effect of film boiling on skin {riction
and heat transfer of a body was postulated and tests
devised to check out the theory.

In keeping with the policy of supporting worth-
while scientific research by groups outside the Gen-
eral Dynamics Corporation family, the CSRL, on
behall of Dynamics, joined the thermoelectric cool-
ing research group organized by the Battelle Me-
morial Institute te underwrite research in this field.
The group comprises many industry sponsors from
throughout the free world.

One of the earliest projects sponsored by the
Scientific Research Department within a Convair
operating division progressed to the point that new
experiments were conducted in the shock tube pro-
gram at Convair-Astronautics. Some instrumenta-
tion problems remained to be solved, but the de-
vice itself was nearly fully developed.

Of the 58 persons who staffed the CSRL, 26 were
scientists.

CORPORATION

travel in any direction and turn on its own axis.
The vehicle is powered by conventional piston
engines ranging from 50 to 200 horsepower and can
travel at speeds up to 60 miles per hour.

The new vehicle has great significance as a new
concept in transportation. Utilization of the Afr-
Car, presently for off-highway use, ranges from
normal motor and marine :1p1)licati0ns to specizil—
ized farm, ranch, exploration and airport uses.

The Model 2500, a four passenger, 300 horsepower
vehicle went into production in November 1959 at
the South Bend Division of Curtiss-Wright, in
South Bend, Indiana. The Corporation plans to
produce a complete line of Aiv-Cars, ranging from

a compact, two passenger model to a large freight
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carrving vehicle.

In October, 1959, the Wright Aeronautical Di-
vision in Wood-Ridge, New Jersey celebrated its
40th anniversary. In the same period, on November
5 the Turbo Compound marked its 25 millionth
ftying hour. The Turbo Compound continues to
serve-in first line equipment used for commercial
transportation by the leading airlines of the world.
In military operation, Curtiss-Wright powered air-
craft continued as first line equipment. The AD4,
FJ4 and FITF-1 aircraft on major aircraft carriers
arc powcered by Curtiss-Wright turbojets. The “life-
line” of the Continental Defense System is also sus-
tained by Curtiss-Wright powered equipment, in
such aircraft as the P2V-7 and WV-2 and 3.

Development and advanced enginecering was being
done by Wright Aeronautical on a series of air
breathing engines, such as the turbofan, supersonic
turbojet, dual cycle and a wide range of ramjets.
Applications for these engines was projected for
future aircraft developments.

Space age projects received high priority at
Wright Aeronautical. Work was started on the
development of pre-packaged throttleable liquid
rockets.  New manufacturing and metallurgical
processes were developed and being used to produce
large solid rocket motor cases and motor nozzles for
the use in missile vehicles.

During 1959 the Propeller Division of the Cor-
poration in Caldwell, New Jersey announced the
development of an  all mechanical propeller,
mechanical flight controls and actuation systems for
aircraft. Mechanical actuation is scheduled for use
in the folding wing tips of the B-60. All units in the
mechanical system will be flight tested during 1960.

One of the Corporation’s most rapidly expanding
divisions, the Electronics Division, announced both
the acquisition of a new plant in East Paterson,
New Jersey, which will double the present produc-
tion facility and the acquisition of Tnter Mountain
Instruments, Inc., of Albuquerque, New Mexico
during the past year.

One of the most significant advances in simulation
during 1959 was the dcve]opmem of PHO-TRAN,
a radar land mass simulator which provides realistic
presentation of simulated land mass areas for train-
ing in tactical radar application.  PHO-TRAN
achieves substantial reductions in the overall sive
ol the cquipment required, while brozulcning its
application to reproduice land areas at a scale of 5
million to one. The design includes extremely high
and low altitude presentations without loss of pic-
ture fidelity, and provides for countermeasures by
4n mstructor to su])p}cment [':1ining.
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Development of a television optical svstem, to
train photo recon personnel, utilizes a combination
of closed circuit television and photo optical lenses
to provide realistic images of ground targets.

During the vear, production continued ol hoth
stationary and trailerized Flectronic Flight Simu-
lators for both military and « mmercial customers,
including jet simulators for t. - jet airliners now in
usc by the major airlines. "The division is also build-
ing a complete Weapons Svstem for the Swedish
SAABJ-35 supersonic jet fighter.

Other important simulation programs were heing
carried on by the Flectronics Division, immcluding
simulations for missile firing submarine control
centers and missile guidance.

The Electronics Division broadened its participi-
tion in the electronics field with the production of
components, solid state relays, thermal time delay
relays, digital motor and delay lines. In il(lditi()fl.
prodU(‘(s such as power transistor test systems, transis-
tor curve tracers and airborne digital C()l.n})mfrr
systems greatly enlarged the division's capability in
instruments and systems sales.

Larly in 1959, the Rescarch Division, at the 8-()-
square mile research and development center in
Quchanna, Pennsvlvania announced dC\'Cl‘)I?mC“L
of a new black top, coal based road and airport
paving material. Tests demonstrated thn.t thcl new
material has greater load carrying capacity, hlg‘l?er
resistance to damage from heat and cold, su-permr
skid resistance and provides superior adhesion of
aggregates in the presence of water. It also h.as
unusually high resistance to solubility b?’ Jr-4 Jet
fuel, lubricating oils, fuel oils and g'aSOImC "\"thh
makes the new binder useful in modern airport
construction. )

The Commonwealth of Kentucky was C(md“C“f]g
a one-year evaluation program of the new m.nterlal
in actual use, and installed twelve one-half mile test
strips throughout the Commonwealth. The Com-
monwealth of Pennsylvania also provided funds for
a similar program.

The Rescarch Division continued its advanced
engincering projects on noise suppression, Sll[)(.}r_
sonic compressors, and high temperature ceramics
and cermets for missile applications.

Considerable work was done on turbojet noise
suppression, including both inlet and exhaust sup-
nressors. A ground run-up suppressor developed by
the Research Division is now being produced by
the South Bend Division for the Navy. Tests were
also conducted on an in-flight inlet suppressor de-
veloped by the Research Division.

For the past few years considerable development












tridge, was introduced in 1959 by the Armalite Di-
vision. Tests were conducted by three separate
Army corps. Results were favorable and demonstra-
tions in 11 countries in Europe and Asia resulted
in orders for field tests quantities from nine of the
countrics where the weapon was demonstrated. The
AR-15 rifle was being manufactured in the United
States under a license agreement with Fairchild by
Colts Patent Fire Arms Company, Hartford, Con-
necticut. 'The AR-7, a sporting version of the
Armalite developed Air Force and adopted as a
survival rifle, was being produced by the Armalite
Division in Costa Mesa, California. The design of
the AR-7 embodies the unique feature of stowage
of the entire barrel and action into the fiber glass
stock. The length of the rifle in the stowed con-
figuration is 16 inches. Assembled, ready for firing,
the length is 83414 inches. Rifle weight is 234 pounds.
As in the Air Force survival rifle, the AR-7 floats
in water. Further development in material and
advanced principals of design were expected to
contribute much to the advancement of the art of
fire arms both in commercial and military fields.

ASTRIONICS DIVISION

The Astrionics Division of Fairchild, formerly
known as the Guided Missiles Division, increased its
concentration on the electronic aspects of avionic
and space age equipment. Its major program during
1959 consisted of the guidance and control, data ac-
quisition and data transmission links for the USD5
surveillance drone under development by Fairchild
for the Army Signal Corps. The system, details of
which are covered by security classification, is one of
the most advanced electronic airborne systems yet
devised. Tt is designed to control the “bird” under
all weather conditions and to report back to head-
quarters during day or night information regarding
the disposition of enemy forces and his activities.
The past year also saw further development of sys-
tems based upon the division’s proprietory Padar
passive detecting and ranging systems. Contract for
Fhe development of a Pacor system for installation
In combat aircraft was received from Hughes and
development is being carried on. Under still

another contract, issued by the Federal Aviation
Agencey, usc of the Padar prin('iplc as o proximity
warning indicator was studied.

The division also continued its work in the train-
ing devices field having manufactured both counter-
measure trainers and radar ¢ ‘ners.

STRATOS DIVISION

Besides continuing to produce cnvironmental svs-
tems and auxiliary power units for aircraft, the
Stratos Division during 1959 placed into production
a compact air conditioner for ground support of the
Hawk missile. The system with @ nominal rating of
3.2 tons uses Stratos’ unique Heli-Rotor compressor,
a rotary positive displaccment machine which has
a built in volume ratio. The unit housed n two
separate cabinets weighs only 350 pounds complete
with charge and controls and can deliver as much as
4.2 tons when the compressor is driven l)?' a higher
speed compressor motor. Besides supplying cooled
conditioned air at flows up to 90 pounds, the system
also provides heating capacity to 47,000 BT.U per
hour. Equipment in pm(luct,ion at the main Bay
Shore plant includes air conditioning systmn? for the
Boeing B-52, the Convair F-106, the Fnirch.ll(l F-27
and the Martin Mace missile. The division also
continues to supply air turbine drives and fl-lel
flow proportoners for military aircraft. Onc prin-
cipal item in this field was Model TP25-2B air
turbine drive for operating the alternator and
hydraulic pumps on the Lockheed C-130B turbo-
cargo transport. )

Stratos’ Western Branch during 1959 ?.tgz.lm sup-
plied a variety of cryogenic valves for missiles zm.d
designed and produced a number of cryogenic
valves for the X-15. Included were lox, fill fmd
drain valves for the Atlas and Thor I’CBM.S. various
shut-off valves, high pressure helium rel.le_f valves
and other items for the X-15. In addition, the
Western Branch received a contract for development
of a 12 cfm, 3,000 psi compressor for missile ground
support used by the Army. It develf)ped new
applications of its “Pogo Stic .” pneumatic actuator
for stores ejection systems and continued tq supply
stores ejection systems for various ASW applications.

THE GARRETT CORPORATION

The highest annual sales in the history of The
Garrett Corporation indicated wide acceptance of
products and systems developed and manufactured
during 1959, During fiscal 1959, Garrett’s seven
divisions and three subsidjaries reported sales of
more than %193 million.

Seventy-six percent of Garrett’s sales dollars were
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for nearly 2000 end products produced and installed
on almost every aircraft and missile in development
or in production.

Garrett’s largest division, AiResearch Manufac-
turing Company of Los Angeles, which had been
selected to supply the pressurization system for the
North American X-15, also contracted to devclop
























tion to some of the smallest {lush-mounted helical
types. In support of its antenna manufacturing
program, the company also designed and fabricated
the necessary structures for antennas used in micro-
wave transmission, radar, aircraft early warning,
missile tracking and guidance and fire control Vs
tems.

During the year, the company continued to ex-
pand its Forward Planning Division, manned by
top  scientists, enginecrs and analysts  to  study
problems of space travel, manned and unmanned
weapon systems, including projects likely to be-
come requirements in the near {uture.

In interesting, but rather divergent activities,
the company programmed a series of balloon as-
censions during the year from Minncapolis and
Akron for the purpose of photographing the
earth’s surface from 100,000 feet, using radar and
aerial cameras, while off Key West, Florida, in
Septembher, a Goodyear Aircraft-designed and built
m’()—by-fr)ur~by-fuur foot escape capsule, equippcd
for survival, sustained an Air Force sergeant dur-
ing a 72-hour open sea evaluation test.

A substantial portion of Goodyear Aircraft’s
business was the manulacture of airplane wheels
and brakes for The Goodycar Tire & Rubber
Company.

ARIZONA DIVISION

At Goodyear’s  Arizona facility, ground was
broken for the construction of an acoustical test
lab()r;lt()ry in March, At the same time, work started
<_)n an cxtension to the company'’s electronics butld-
ing.

Expected to be finished by the end of the year,
the acoustical lab incorporated the latest devices
for the investigation of sound waves and their
effect upon the thousands of electronic components
that are or will be used in the supersonic aircraft
and missiles of today, and those of the foresecable
juture.

During the vear, the Arizona Division received
follow-on contracts for the production of aircraft
canopies and miscellancous aircraft components,
while a sizeable order was received for the con-
of center wing panels, bulkheads and
other components for the Air Force’s B-52G homber.

Similar work was scheduled for the new Bocing
B-52H.

struction

Also in quantity production were Nike Hercules
reflectors and  canopics for Northrop T-38  air-
craft.

The division phased into production ol new
ground support cquipment lor operational Atlas
ICBMs which would be us as part of new
launching complexes at Atlas hases being readied
for operation by the Strategic Air Command. This
cquipment included missile handling trailers, allied
booster handling trailers, engine gimbaling sup-
port stands, crcction boom, its support and asso-
ciated drive mechanism, alignment rails and gages.

The new GSIE desiened and built by the Arizona
Division permitted rapid erection of :11.1 Atlas
ICBM to launch ])osition, as well as (1\11(‘1; F‘m~
placement of the next missile following a firing.
Eliminated was the 13-story gantry tower, ian inte-
gral part ol previous Atlas launching (‘()m‘])lcxcs.

Work was also done on certain items for the
ground support of Polaris.

In the area of electronics, an :111—\\'0:1[1'101‘.' high-
resolution radar system which permits viewing of
sclected areas at extended ranges was leln(‘)un(-c(l
during the year. The system makes it I)OSSII)IC. to
distinguish small objects instead ol mercely showing
general outlines of large arcas.

Demonstrated in flight tests at the plant, the high
resolution radar system was believed to have un-
limited military application. It oflered the range
required by space vehicles of the futurc. \.\701‘1; on
the program was accomplished in conjunction with
enginecrs from Wright Air Development Ccintcr_

Development of an advanced radar mapping sys-
tem for the Army was also begun at the company
during the year. The project involved a study of
the application of airborne radar sensing and ap-
plicable data reduction procedures to establish
design parameters and military (fll(ll’ElClCI:iS[i(iS for
a complete, integrated topographic mapping radar
system.

A project to measure the radar reflectivity char-
acteristics of various types of ter rain by means. of
airborne radar wag begun at the company during
the year. Under Survci‘ll;mce were marshes, forests,
cultivated fields and deserts. Purpose of the activity
was to develop the art of radar mapping by which
observers may “read” radar reflections  to deter-

mine the type of terrain below.

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

Grumman Aircraft Engincering Corporation on
the heels of 4 1958 effort to continue its diversifica-
tion program, closed 1959 with cight different air-
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craft in production for the Navy, Air Force, Coast
Guard and the Army, as well as for commerce.
Contract-wise, Grumman's higgest business was



in the production for the Navy of its WF-2 Tracer, a
carrier-based carly warning aiveraft, and the F9F-
8T, a two-scat jet fighter-trainer in active service
with Nuavv fleet units the world over.

Production of the YAO-1 Mohawk, a versatile
propjet photo-reconaissance-utility aircraft designed
to live in the field with the Armv, and Grumman’s
sleck business-utility  propjet,  the  Gulfstream,
picked up during 1959, By vewr-end 50 orders for
the 357 mile-per-hour Gulfstream had been re-
ceived from leading oil and industrial corporations.
Production in 1960 was to continue at four Gulf-
streams per month.

In addition to the Gulfstream, WF-2, Mohawk
and the FOF-8T  (which phased out at the end of
the vear), Grumman began production of the S2F$,
a more sophisticated version of the S2F1 anti-
submarine hunter-killer. The S2F3 wuas undergoing
testing by the Navy,

Production continued on the SA-16B, a modi-
fied version of the SA-16A, a utility-rescue am-
phibian. Modification programs for the Air Force,
Navy, and Coast Guard SA-16As were continued

GYRODYNE COMPANY

In 1959, Gyrodyne made many important ad-
vances. The first Rotorcycles were delivered to the
Navy and Marine Corps and tactical evaluation of
the YRON-Is was started. Commercial interest in
the Rotorcycle was high and it was anticipated that
the company would start producing a commercial
version in 1960.

Another important event in Gyrodyne’s year was
the designation of the company as weapons system
manager of the airborne portion of the DASH

Gyrodyne develops DSN-1 Drone for Navy.

with the newer B version coming off the production
lines with additional wingspan and increased range
and altitude capabilities.

The Ag-Cat, Grumman’s new agricultural bi-
plane, came out of the development stages in 1959
and went into production.

The company continued its progressive research
and development program. Feasibility studies for
nuclear powered missiles, ships, and other vehicles
were begun. VTOL aircraft studies were intensified
and ASW rescarch and product improvement by
the company’s ASW Steering Group was also con-
tinued.

Production plans for an 80-ton hvdrofoil vessel
for the Muaritime Administration were being com-
pleted. The company was also awaiting the frst
test flights of the A2F-1, a two-place, low-level at-
tack airplane, and the W2F-1, a new early warning
aircraft.

Production was begun on the Eagle, the Navy's
newest air-to-air missile. Grumman will produce
the airframe and ground-handling equipment.

OF AMERICA, INC.

Weapon System.

DASH (Destrover Anti-Submarine Helicopter)
was described by the Navy as “a weapon system of
utmost importance in the overall anti-submarine
warfare mission of the U S. Navy.” Gyrodyne was
also responsible for the several highly advanced
electronic systems and the shipboard handling sys-
tem for the DASH program.

The year marked the entry of Gyrodyne into an-
other interesting area—Ground Effect Machine.
The company received a Bureau of .Aeronautics
contract to design, develop and test fly a one-man-
carrying ground effect vehicle. The GEM (Ground
Effect Machine) first flew in October. The company
also received additional contracts to further its
development of a full-scale flying amphibious Rotor-
cycle. Following successful model testing, a unique
float principal was evolved in cooperation with the
Bureau of Aeronautics, which will permit heli-
copters to land in waves equal to the height of the
vehicle.

The company completed construction of the
largest tethering fixture ever built to test helicopters
in captive flight. This 164 foot tall structure is
capable of handling helicopters weighing less than
1,000 pounds to those weighing as much as 25,000
pounds. An avionics facility is planned adjacent
to the tethering rig to be used for assembly
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of the various avionics gear used in the DASH
program as well as a ground school for helicopter
and ground controllers. The tethering rig will be
used to train the pilots and controllers in actual

flight operations.

Gyrodyne’s backlog of orders as of July 1 was
over S5 million.
during 1959 of approximately S4 million.

The company ;mliciputcd sales

HELIO AIRCRAFT CORPORATION

Helio Aircraft Corporation in 1959 put into pro-
duction its new high speed model H-395 Super
Courier, a five-place STOL airplane powered with
a 295 hp model GO-480 Lycoming engine which
made possible a cruising speed of 170 miles per
hour.

Like its predecessor, the new Helio Super Cour-
ier model is capable of taking off and landing over
a 50-foot barrier in less than 500 fect with zero
wind. When operated as a conventional airplane
on minimum size runways, it can carry up to 1,900
pounds, or approximately its own weight, operat-
ing under Part 8 of the Civil Air Regulations for
industrial purposes only.

During 1959, Helio Aircraft Corporation, in co-
operation with the New York Port Authority, suc-
cessfully completed 18 months of service tests on a
400 by 200 foot standard helicoptersize landing
area laid out at Teterboro Airport adjacent to the
taxi ramp. These tests established the feasibility of
STOL airplanes using helicopter-size landing pads
and thus staying off congested metropolitan area
runways.

HILLER AIRCRAFT

Headlining the year at Hiller were first deliveries
of the three-place 12E commercial helicopter; rec-
ord successes in maintenance and safety of the
Army H-23D “Raven” helicopter; beginning of
flight test program of the USAF X-18 tilt-wing
VTOL/STOL aircraft; and delivery of an evalua-
tion quantity of one-man YROE-] “Rotorcycles”
to the Marine Corps.

First deliveries of the civilian 12F helicopter
were begun in May, and initial successes were
achieved particularly in sales to charter operators.
Although most of the first ships went to United
States operators who had immediate requirements
for the 12F’s highest-in-its-class 305 horsepower,
foreign sales were building up in the last four
months of the year. As a result, Hiller commercial
sales became an increasingly larger percentage of
the company’s total sales. (

At the same time, military production rose to

new peacetime heights, During 1960, the majority
of the Army’s light hC]i(iO])ter requirements will
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Production for domestic distrioution and export
of the model H-395 (the 295 hp Super Courier)
and of the model H-395 A (the 260 hp Lycoming
engine in the new Super Courier air frame) was
continued at the company's Piusburg, Kansas,
plant. Among the provisions for increased distri-
bution and service of the Couriers in 1959 was the
signing of an agreement hetween Helio and the
SAAB Company of Sweden, manuflacturers  of
Swedish jets, training planes and automobiles, thus
providing Europcan-based sales, service and assem-
bly facilities for Helio aircraft.

Early in 1959, three of the new Helio Super
Couriers, designated as the U.S. Military L-28A,
were purchased by the Air Force “to evaluate op-
erational techniques” of this new type aircraft.
Tests of these airplanes were conducted at Edwards
Air Force Base. The results have provided a basis
for development of a larger twin-engine model
more explicitly fitted to mecet military require-
ments. The new twin-engine model, now under
scheduled to be flight-tested

construction, was

during January, 1960.

CORPORATION

be fulfilled by the Hiller H-23D Raven, a 250
horsepower three-place ship. Originally designed
for over 1,000 hours of flight between overhaul,
and radically reduced maintt.enance,. the H-23D
demonstrated important victories during this year
of field service: A full 1,000 hours of flight time
was obtained on several H-23Ds without overhaul
, and the Army formalized the 1,000-
hour characteristic. At the Army’s Primary Heli-
copter School, Camp Wolters, Texas, H.-23 type
aircraft achieved a maintenance-hour-to-flight-hour
ratio of less than half the military. average, af1d an
accident rate of less than tWO-thlI:dS the military
worldwide average. With its 200 Hlller helicopters,
Camp Wolters passed its 200,000%11 flight I.IOUY .of
g——without a fatality or serious in-

requirements

primary trainin
jury.

‘ In late fall gaunders-Roe, Ltd. of England, com-
pleted manufacture of the USMC YROE-1 one-
man “Rotorcycle”, under a sub-license agreement
with Hiller. Five units of this foldable, 300 pound


















LYCOMING DIVISION
AVCO CORPORATION

A greatly expanded research and development
program as well as production ol both missile com-
ponents and aircraft engines highlighted a busy year
for Avco Corporation’s Lycoming Division. Both
its Stratford, Connecticut, and Williamsport, Penn-
sylvania, plants were engaged in advancing their
respective states-of-the-art; Williamsport in “small”
reciprocating engines for the utility aircraft fleet
and the Army, and Stratford with its gas turbines
and missile activities.

In the gas turbine field, Lycoming placed in vol-
ume production its T53-L-1 helicopter engine rated
at 860 shp, and commenced regular deliveries of
these cngines for installation in the Air Force's
Kaman H-43B Huskie and the Army’s Bell HU-I
Iroquois. Both aircraft are in use by the respective
services.

In addition, the twin T53-powered Vertol Model
107, prototype of the YHC-1, completed several
hundred hours of demonstration flights, both in
the United States and Furope, with nothing more
than regularly scheduled routine maintenance.

The three VTOL test beds, Doak VZ-4, Vertol
VZ-2 and Ryan VZ.3, each powcred by a single
T53-1-1 and cach employing a different method
of lift, continued their respective test programs.

As a demonstration of the T53’s built-in reli-
ability, in October, a helicopter version completed
more than 700 hours of operation with only a
single major parts replacement and a single oil
change. This run was accomplished as part of a
1,000 hour tiedown test of a Bell Iroquois.

Lycoming’s T53-1.-3, turboprop version of the
same engine but rated at 960 shp, made its initial
flight in April, powering the new Grumman YAO-
I Mohawk. This version, which is the first to in-
corporate the “universal” concept whereby the inlet
housing will accept gearing for either turboprop,
helicopter or high speed applications, measures 58
inches long, has a 28 inch diameter and weighs
520 pounds. In August, the turboprop engine was
ordered into production by the Air Force for the
Army, and deliveries commenced in Scptember.

Also in August, the Air Force awarded Lycoming
a contract calling for the development of the
TH3-1.5, a4 960 shp version of jis helicopter engine.
The new model will feature

. a reduction in weight
with an improvement in specific fuel consumption
and will incorporate the Lycoming “universal” con-
cept. The -1.-5 was scheduled for 150 hour qualifica-

tion at the end of the year with “T engine de-
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liveries to begin around February.

Still another ;11)1)licuti()n for the TH3, announced
during the past vear, was its selection by Beech
Alrcraft Corporation as the power source I fhc
alert pod for the B-70 bhomber cur‘rcntly being
developed by North American Aviation. .

Lycoming also installed its 'I'H53 in two marine
h\'(l]l‘o[oil vehicles, one a Navy LCVP and the other
:llmodified World War II DUKW, wheeled am-
phibious vehicle. Specds of the boats in both c—u-scs
were increased approximately “sixfold.”  The
sccond of these projects, called the “Flving Duck,”
was a prime contract and covered the complete
design and modification of the boat as well as the
installation of the engine.

Perhaps the biggest single development \T’IIS the
sclection of Lycoming'’s sccond turbine family, the
T55, as the po\\'crplzmt for the new YHC-1B
“Chinook,” a 2-3 ton helicopter now under devel-
opment by Vertol. Designated as the T351'3 the
engine will be rated at 1940 sh].) and \\'Clgh 560
pounds with a diameter of approximately 2:1 inches,
and an overall length ol 48 inches. A unique fea-
ture will be its ability to operate at any angle
from 50 degrees nosc down to vertical position.

In the meantime, the T55-L-3 helicopter engine
successfully completed its 50 hour prclimi‘nary flight
rating test and was officially uprated 11'0-111 1850
shp to 1900 shp. Specific fuel C‘.onsumptlon was
improved by five percent and weight was reduced
six pounds. .

On the reciprocating engine side, Lycoming was
granted the first engine certificate issued by the
Federal Aviation Agency, number 1-E1, awarded
to the 180 horsepower VO-360-ATA helicopter _en-
gine. The horizontal version of this same engine,
designated 0-360-C2B, was also certificated at the
same time, .

The \’Villi:lnlsp()rt plant continued (1(?VC}01’)ment
of several new models for both fixed wing and
helicopter applications. These (!C\{clopments fn-
clude fuel injection versions of CXlStlI].g .models, m-
creases in horsepower ratings of existing mod‘cls
and the development of several new fixed wing
and helicopter engines. Several of these new models
were scheduled to be introduced in 1960 while
others, such as the cight cylinder fuel injection,
geared and supercharged 1GSO-720, were pro-
grammed for later production. .

The list of new utility aircraft being powered by
Lycoming continued to expand both in the United






plays will show portions of the earth and sky, and
help him to position the capsule in the desired
orbital or re-entry attitude.

McDonnell took the risk of anticipating the re-
quirement for such a program, and the Advanced
Design Department of our Airplane Engineering
Division began work more than a year before the
announcement of the competition in which 11
other companies participated.

Three firings of a new hypersonic missile were
completed in April, 1959, under Air Force con-
tract at Cape Canaveral, two months ahead of
schedule. The first two flights were completely
successful and thoroughly demonstrated the sig-
nificant advantages promised by our original aero-
ballistic theory. The firings met all test require-
ments and furnished valuable new hasic hypersonic
flight data. Sustained efforts are being made to
obtain weapon system contracts to exploit this con-
cept, pioneered by our company for five years.

Development of the GAM-72 Quail decoy missile,
for which McDonnell is responsible for the man-
agement of the entire weapon system, progressed
to the longrange powered flight stage. The first
full-range powered missile completed the test ob-
jectives and demonstrated tactical capability in
flights at Eglin Air Force Base. A new production
contract brought to more than $124 million the
total cumulative Air Force commitments to date
for Quail missiles, training, logistic support, and
B-52 launch gear.

Production of the airframe and integrated ram-
Jet engine of Talos was scheduled through August,
1960, under subcontracts with Bendix, which ag-
gregated $43,491,500 since March, 1951. Talos is
the Navy's longest range surface-to-air missile now
operational with the fleet. Research and develop-
ment to give more striking power to an improved
version of Talos was to be carried out, in coopera-
tion with the Applied Physics Laboratory of Johns
Hopkins University, under a prime contract with
the Navy Bureau of Ordnance.

The Missile Engineering Division, under Air
Force contract, was making a study of exotic metals
for us? In missiles and spacecraft, and also made
f.ixtens:ve progress in advanced engineering work
!N space technology, including communication satel-
lites and lunar probe studies.

'Ij}}e F4H Phantom 11, after an intensely com-
petitive flight-test evaluation, was selected by the
Navy in December, 1958, for production. The new
Phantom II, named after the Navy’s first carrier-
based jet fighter built by McDonnell, will succeed
the current subsonic all-weather fighters in fleet

130

service. It was scheduled to meet the Navy's
requirements for the new generation of high per-
formance all-weather fighters in the 1960’s.

Although it is a carrier-based fighter equipped
with folding wings, arresting hook, and strength
for catapulting and arrested landings, the Phantom
II incorporates outstanding iterceptor qualities
for fleet and shore defense. Powered by two J79
engines and manned by a pilot and radar opera-
tor, the Phantom II is armed with Sparrow III
and Sidewinder guided missiles, and is capable
of destroying enemy airborne vehicles at long ranges
under all conditions of weather, day or night. It
can deliver nuclear and conventional weapons ac-
curately on distant surface targets.

Contracts with the Navy called for deliveries
of the Phantom II through 1961. From the signing
of the first production contract in September, 1952,
517 Voodoos in three versions had been delivered
to the Air Force through August, 1959.

RF-101C photo-reconnaissance Voodoos were de-
livered during the year to operational squadrons in
Japan, Okinawa, and the NATO countries by trans-
occanic flights, many of which themselves set rec-
ords. F-101C fighter-bombers were deployed to the
Third Air Force in England. The final delivery
of the RF-101C to the Tactical Air Command on
April 25, 1959 brought to 327 the number of Voo-
doos in the F/RF-101A/C series delivered to the
Air Force. As of the same date, the total opera-
tional flight time of the Voodoos had reached
the 60,000 hour mark.

The F-101B two-place interceptor was operating
in six squadrons of the Air Defense Command
based in the United States. Production deliveries
of this advanced version of the Voodoo were sched-
uled through December, 1960.

Two new speed records were added during the
year to the three trans-continental marks previously
established by the RF-101C Voodoos of the Tactical
Air Command. On April 8, Colonel Edward H.
Taylor set a new 1000 kilometer closed course rec-
ord of 700.047 miles per hour, and one week
later on April 15, 1959, Captain George A. Ed-
wards flew an average speed of 816.279 miles per
hour over a 500 kilometer course for another world
record. Both marks were set at Edwards Air Force
Base by 837th Air Division pilots from Shaw Air
Force Base.

During 1959, the F3H-2 F3H-2N, and F3H-2M
Demons were continuously deployed in the Medi-
terrancan, Caribbecan and Far East, aboard seven
carriers, including the Navy’s two newest and
largest, the U. S. S. Ranger and the U. S. S. Inde-
























Dyna-Soar is to accomplish boost glide flight—
“dynamic soaring”—by using centrifugal force and
aerodynamic lift.

The Air Forece said advanced knowledge indicates
the boost glide vehicle will have capabilities for
many varying missions because it will be able to
operate from the outer fringes of the atmosphere
down to well within the atmosphere, where it can
maneuver and be recovered undamaged.

The Martin industrial team included Bell Air-
craft Corporation, American Machine & Foundry
Company, Bendix Aviation Corporation, Goodyear
Aircraft Corporation and Minneapolis-Honeywell
Regulator Company.

RIAS DIVISION

RIAS, which conducts basic research not related
to product development in fields ranging from bio-
physics to metallurgy, continued to expand its in-
vestigations during 1959. In addition, the staff at
the RIAS laboratories in Ruxton, Maryland, was
increased to 85 persons.

In experiments with the Air Force Cambridge
Research Center, Bedford, Massachusetts, and the
Bartol Research Foundation of the Franklin Insti-
tute, Swarthmore, Pennsylvania, RIAS was learning
more about cosmic rays.

The RIAS-Cambridge experiment was in a gon-
dola carried aloft by an unmanned balloon
launched in June from Holloman Air Force Base,
New Mexico. The instrument package sought new

data on heavy cosmic ray particles.

The RIAS-Bartol instrument package was con-
tained in the Explorer VII satellite launched Octo-
ber 13 by a Juno IT rocket at the Atlantic Mis-
sile Range, Cape Canaveral. Florida. This experi-
ment secks to determine the o in of cosmic rays
and thus provide fresh clues to i.e nature of matter
in decp space.

Progress was reported in understanding the bio-
physics of photosynthesis through research on mono-
layer films. An extremely sensitive automatic film
balance was built and was heing used in this stidy
which seeks to produce a svnthetic molecular laver
structure similar to that of a living plant leaf.

The mathematics stafl was expanded and its re-
search culminated in an international svmposium
on nonlinear differential equations in Mexico City.
RIAS organized the September conference and
RIAS staff members were chairmen of the various
round table discussions.

Considerable progress was reported in other areas,
including theoretical and solid state physics and
metallurgy. Also, a new group was set up to study
quantum chemistry.

The research of RIAS scientists resulted in more
than 40 publications in scientific journals during
1959 plus numerous lectures, seminars and informal
conferences. In addition, technical conferences were
held with scientists and engineers of the other
Martin divisions.

NORTH AMERICAN AVIATION, INCORPORATED

When the X-15 made its first powered flight on
September 17, it marked a major step toward man'’s
conquest of space.

Flight of the research aircraft produced by North
American for NASA, the Air Force and the Navy,
was but one of a number of contributions made by
the company during the year.

Development continued on the Mach 3 B-70
Valkyrie weapon system for the Strategic Air Com-
mand, and continued progress was made on the
development and flight tests programs of the Navy
A3] attack weapon systera and T2] twin-jet train-
er, and the Air Force’'s GAM-77 Hound Dog air-to-
surface missile.

The company’s rocket engines provided propul-
sion for most of the nation’s successfully launched
large ballistic missiles, satellites and space probes.
Development of guidance and control systems for
manned and unmanned weapon systems, including
fleet ballistic missile submarines, continued under
high-priority programs. The company also began
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construction of two large nuclear power reactors to
be used in producing electricity for commercial sale.

Employment rose to 63,650 on September 30, a
gain of some 18 percent over the previous year.

In October, North American acquired full owner-
ship of Astrodyne, solid propellant firm at Mc-
Gregor, Texas, which had previously been jointly
owned with the Phillips Petroleum Co. The plant
will be operated as a part of tl : Rocketdyne divi-
sion.

North American’s sales for the fiscal year ending
September 30 totaled $1,044,899,580, compared with
$904,088,848 {or the previous year. Net income
after all cost: and provisions for federal income
taxes was $30, 726,184. This was equal to $3.80 per
share on 8,092,895 shares of capital stock out-
standing.

Backlog of unfilled orders on September 30 was
$662 million, not including orders that were
negotiated but not yet funded.

Activities of the various divisions were as follows:






Research in such areas as flight space mechanics,
gas dynamics, and the geophysical, material and
astronautical sciences were conducted in the newly-
created Aerospace Laboratories at the division.

COLUMBUS DIVISION

The carrier-based A3J-1 Vigilante, produced by
the Columbus, Ohio, division for the Navy, oper-
ated as a complete weapon system on simulated
military missions, and success of the tests indicated
that all performance goals would be met. Flying
at twice the speed of sound, the A3]-1 can deliver
either nuclear or conventional weapons over long
distances at cither high or low altitudes, and in any
weather.

Deliveries of the T2]-1 Buckeye, a twin-jet Navy
trainer, began In July after completion of more
than two years of tests and demonstrations.

As a small but growing part of the company's
commercial work, the design, fabrication and erec-
tion of architectural metal products for a number
of major buildings was being carried out by the
Columbus Division.

LOS ANGELES DIVISION
The X-15, which will carry man higher and
faster than he has ever flown before, made its first
captive, glide and powered flights in 1959. Detail
design of the B-70 Valkyrie was initiated and tool-
ing required to build the advanced intercontinental
alr weapon was being fabricated. Contractors were

NORTHROP

Northrop Corporation headquartered in Beverly
Hills, California, continued during 1959 to carry
on its research and development, manufacturing and
marketing activities through four divisions, Norair,
Nortronics, Radioplane and Northrop Inter-
national, and a wholly-owned subsidiary, Page Com-
munications Engineers. The company had approxi-
mately 70 basic products and programs concentrated
in weapon systems, sub-systems and other develop-
ments related to the national defense effort.

.Appmximate]y two-thirds of Northrop Corpora-
tion’s output was related to electronics and missiles.
Manned aircraft programs were underway at Norair,
and Radioplane manufactured target drones. Page
Communications Engineers was active in the field of
world-wide communications.

Programs of research and development related to
the new cycle of weapon systems, space vehicles and
communication techniques were underway in all
company operating divisions. The company’s net
worth was approximately $45-million and sales con-
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selected for the major subsystems on the B-70,
which will be capable of cruise specds in excess of
2000 miles per hour at altitudes above 13 miles.

Flight testing of the prototype T-39 Sabreliner,
a twin jet utility airplane that will cruise at 500
miles per hour with a range ¢ 1500 nautical miles,
was completed, and production was started on the
aircraft under Air Force contracts. The commer-
cial market for the Sabreliner, which was developed
as an off-the-shell item, was being studied.

During the year, the production of two versions
of the famed F-100 Super Sabre was completed; six
years of production saw nearly 2,300 T-100s deliv-
ered, constituting the largest proportion of fighter
aircraft in the nation’s military inventory,

Outstanding technical achievements were made
in the development of the F-108 interceptor, but
the development program was terminated by the
Air Force in September, because of program priori-
ties and fund shortages.

Under construction at Los Angeles was a 122,000
squarc foot complex of laboratories for use in the
testing of advanced flight vehicles.

ATOMICS INTERNATIONAL
While work of this division is primarily in the
design and production of reactors for research and
the generation of commercial power, special studies
were underway in the development of nuclear
power for aviation and space vchicles.

CORPORATION

tinued at the rate of more than $250-million
annually.

NORTHROP INTERNATIONAL

The International Division of Northrop Corpora-
tion represented the orgzmimtion’s varied divisions
abroad.

Within the scope of the International Division
were the numerous and diverse developments of
Northrop’s Norair, Nortronics and Radioplane di-
visions. Northrop Tnternational had cognizance of
the corporation’s expanding ties abroad, both
through sales and through cooperation with govern-
ment agencies and manufacturing and marketing
organizations outside the United States.

Through the International Division, the advanced
technology of the Northrop Corporation contri-
buted to the mutual defense and economic advance-
ment of the free nations all over the world.

A primary responsibility of the International
Division was the presentation to the Free World's
armed forces of the new Northrop N-156F Freedom






merous events during the year. Two most significant
were first flights of the Air Force’s T-38 Talon
supersonic trainer, now in production for units of
the Air Training Command, and the N-156F Free-
dom Fighter, under development for members of
the free allied nations. Both airplanes were flown
by military pilots much earlier in their testing pro-
grams than is usually programmed for supersonic
aircraft.

In step with the progression from development
quantities to production aircraft, manufacturing
facilities were relocated and enlarged for assembly
of T-38 aircraft. As a further step in the produc-
tion cycle, Norair was to begin operation of facili-
ties at Air Force Plant 42 at Palmdale in 1960, for
production flight operations for the Talon.

Production of the SM-62 Snark intercontinental
guided missile continued throughout the year, and
missiles were delivered to the nation's first inter-
continental guided missile launch site operated by
the 702nd Strategic Missile Wing at Presque Isle
Air Force Base, Maine. Orders provided for Snark
production through calendar year 1960.

The company’s philosophy, “Security With Sol-
vency,” involving the employment of newest ad-
vances in science, engincering and technology and
management efficicncy, proved highly successful
during the year. New management tools, comple-
menting the division’s PACE (Performance and
Cost Evaluation) program, were installed. These
included the Value Analysis procurement program
and Target Cost, a method for applying total cost
control to major projects through detailed design
analysis.

Research and development activities were pur-
sued in both scientific areas and in manufacturing
techniques. The engineering department’s Astro-
nautic organization was conducting advanced work
in the fields of astrodynamics, astro-navigation,
hio-astronautics, space electronics, space materials,
space physics, space propulsion and space struc-
tures, in hoth government and company sponsored
projects.

Progress in the field of low drag boundary layer
control aroused much interest in the field of logis-
tiFs aircraft.  Application to transport and cargo
aircraft now appears feasible in providing world
wide airlift at greatly reduced ton-mile costs.

Techniques providing more rapid and less ex-
pensive ways of building high strength structures
for the new generation of jet aircraft and missiles
were being developed. Exceptional progress was
made in the areas of honeycomb processes, numeri-
cal control and forming of new space metals.
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Production of major airframe structures under
sub-contract represcnted a significant segment of
the Norair work load. The Division was producing

. . r o aQ~
major airframe components for the Bocing KC-135
jet tankers and 707 jet airliners and for the Mec-
Donnell F-101 fighter.

RADIOPLANE DIVISION

During 1959, Radioplane received a USAT devel-
opment contract for the XQ-4B, a redesigned ver-
sion of the carlier supersonic target drone, XQ-4A.

In the meantime, the Air Force lifted the sccurity
wraps on Radioplane’s XQ-4 and XQ-4A.

Radioplane also received a contract from Mec-
Donnell Aircraft Corporation for development of
a recovery system for Project Mercury. The divi-
sion’s Paradynamics group, which specializes in
design, test and production of special parachute
deceleration and recovery systems, was working on
the project.

The XQ-1 series was put into development to
meet a USAF requirement for radar appearance
compatibility with the Bomarc-SAGE  (Semi-Auto-
matic Ground Environment) Air Defense System.

In addition, it was designed to serve as a high-
specd target for Terrier and Genice missiles as well
as those programmed for the XQ-4, including
Talos, Sidewinder, Sparrow 111, Falcon, Nike-Her-
cules and Hawk.

A quantity of XQ-4 targets were being ﬂown.a.t
the Army’s White Sands Integrated Range. FaC{h-
ties at Holloman Air Force Base under a tri-service
military launch program directed by the Air Force.

Sidewinders were fired at the XQ-4, and radar
tracks were conducted with Talos and Sparrow IT1
with actual firings scheduled in the near future.

The missile targets were being used as part of
the armed forces program for evaluating advanced
weapon systems. ) )

The XQ-4 is launched from a B-50 carrier air-
craft and is ground control’ad. Scormg, radar
augmentation and recovery systems arc included
in the system design.

In addition to its radar compatibility with
Bomarc-SAGE, the XQ-4 series contain a Radio-
plane-designed flight control system inforp(?rat%ng
maximum employment of advanced miniaturization
techniques. Tts scoring system can PI‘OVlde ‘means
of recording and transmitting l,h‘e .lnts or misses of
attacking missiles to ground fﬂCilltlf’_S. .

The XQ-4 series radar augmentation system simu-
lates a bomber. The three-stage pamchutc recovery
system enables recovery over water or Iand and is






Piasecki advanced significantly its relationships
with prominent European aircraft companies as
part of a program to expand the market for its
products and services.

The Breguet-Piasecki 940 was successfully demon-
strated by Breguet Avions at the 1959 Paris Inter-
national Air Show. This new four-engine STOL
(Short Take-Off and Landing) aircraft is the pre-
decessor to the 941, a 16-ton STOL which Breguet
and Piasecki are developing jointly. This type of

aircraft, which will land In extremely short dis-
tances and on unprepared fields, is of considerable
interest as an assault transport both in the United
States and abroad.

The company ended the most successful fiscal
year of its five-year history by securing a contract
to design and build a second, m  i-engine “acrial
jeep” for the Army for comprehensive field testing.
This second “Sky-Car” will have greatly increased
capacity, speced and range.

PIPER AIRCRAFT CORPORATION

The year 1959 was by far the best in the history
of Piper Aircraft Corporation, Lock Haven, Penn-
sylvania. Gross sales for the fiscal year that ended
September 30, 1959, totaled $34.2 million, an in-
crease of 21 percent over the previous year. Sales
of 54,096,559 in the single month of May, 1959,
were the highest monthly sales in the company's
history.

Production of all Piper models totaled 2,397, up
10 percent over 1958. Piper models included in
this total were the twin-engine Apache; high per-
formance Comanche with a choice of 250 or 180
horsepower; 160 horsepower Tri-Pacer and 150
horsepower Carribbean; Super Cub with a choice
of 150 or 90 horsepower and PA-18-A agricultural
plane.

Deliveries of Piper’s new agricultural model, the
Pawnee, began during the summer of 1959. The
five-passenger Aztec, new Piper twin with two 250
horsepower engines, went on the market late in the
year.

Physical expansion kept pace with expanded
sales volume. At the Piper Research and Develop-
ment Center in Vero Beach, Florida, a new 25,000-
square foot building to house tooling and plastics
operations was completed and work was started on
an additional 75,000 square fcet of manufacturing
space.

Major aviation news was made by Piper in June
when Max Conrad flew a Comanche 7,668 miles
non-stop, from Casablanca to Los Angeles, to estab-
lish a new world lightplane distance record.

PRATT & WHITNEY AIRCRAFT DIVISION
UNITED AIRCRAFT CORPORATION

Pratt & Whitney Aircraft made fresh strides in
the liquid hydrogen rocket engine and nuclear re-
actor fields in 1959 at a time when passenger planes
using its Turbo Wasp jet powerplants established
world records.

The company received many orders at home and
abroad for its new flight-tested JT3D turbofan en-
gine and its small but powerful JT12 gas turbine.
New vistas also opened with two other develop-
ments: joint work on a chemical electric fuel cell
of vast potentiality; and collaring the jet's im-
mense thrust to pump gas through cross-country
pipelines,

Thrust chambers for the first U. S. liquid hydro-
gen rocket engine, designated XLR 115-P-1 by the
Air Force, and other components were test-fired
during the year in the rapid development of a new
type powerplant carmarked for a variety of specific
military and civilian space missions. The XLR-
115, (Air Force name for the RI-10}, and its pumps,
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control valves, nozzles, injector plates, etc., are be-
ing developed by Pratt & Whitney Aircraft’s Florida
Research and Development Center as the first of
a family of powerplants. Test stands have been
built to take thrusts of 300,000 pounds or more.
Two XLR-115 engines, each conservatively rated
at 15,000 pounds of thrust, will power the Convair
Centaur space vehicle, as an upper stage of an
Atlas missile. This will make a »ystém capable of
putting a 7,500-pound satellite in a nominal 300-
mile-high earth orbit, or sending a 2,000-pound
payload on 2 deep space probe, or “soft-landing”
750 pounds of instruments on the moon. The Cen-
taur space vehicle is a project directed by the
National Aeronautics and Space Administration.
In another space project for which the XLR-115
has been chosen, Centaur will serve as an upper
stage of the huge Saturn missile atop a cluster of
rockets delivering nearly 1,500,000 pounds of
thrust, and aimed to lift payloads in the range of






By year’s end a total of 566 JT3s and more than
400 JT4s had been delivered for use in the com-
mercial Boeing 707s and Douglas DC-8s. A total
of 453 JT3s and 558 JT4s were scheduled for
delivery after January 1, 1960.

Performance data on the J75, the world’s most
powerful production turbojet, was disclosed for the
first time in 1959 when the Department of Defense
declassified the J75 and its commercial version, the
JT4.

The J75 with afterburner, which powers the Re-
public F-105 fighter-bomber and Convair's F-106
interceptor, delivers 24,500 pounds of thrust. With
water injection the engine will produce 26,500
pounds of thrust.

In 1959 a total of 1,757 J57s and 308 J75s were
delivered to the military.

A main new product in the Pratt & Whitney
Aircraft division of United Aircraft Corporation is
the turbofan engine. which combines some features
of the propeller with the thrust of a jet engine. Tt
has already been selected for installation on 50
Boeing jets used or ordered by American Airlines,
on five DC-8s to be operated by KLLM Royal Dutch
Airlines, and on three DC-8s ordered by Iberia
Spanish Air Lines. United Air Lines has ordered
the turbofan, known as the JT3D, on three DC-8s
and plans to convert other planes in its big fleet. A
P&WA turbofan engine also was chosen for the
proposed DC-9 short and medium haul plane. An
even bigger market potential for the turbofan
exists in the military field. The Air Force already
has picked the turbofan for the B-52H model of
the long-range, eight-engined Boeing bombers. The
turbofan engine is expected to stretch the bomber’s
“more than 9,000-mile” unrefueled range by a good
margin.

The turbofan promises reduced fuel consump-
tion, greater power at takeoff and cruising speed,
and less runway length requirements. The Pratt
& Whitney Aircraft JT3D-1 turbofan is rated at
17,000 pounds of thrust at takeoff and will be avail-
able beginning in July, 1960. The JT3D-3 is rated
at 18,000 pounds, and will be available in June,
1961. The engine was flight-tested just 18 months
after the start of design detailing.

The USAF selected the 600-mile-per-hour Lock-
heed JetStar for training future bombardier navi-
gators. This plane is powered by the new 436-
pound JT12, a single-spool, axial-flow turbojet in-
troduced in 1958. The engine develops 3,000
pounds of thrust. This small but rugged engine
also was picked to power two other advanced air-
craft—the four-engined McDonnell 119 transport,
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and the twin-engined North American Sabre Liner,
and it was selected to power two unmanned sur-
veillance drones being developed for the Army by
Republic and Fairchild, and the Canadair CIL.-1
trainer. A design of the engine, with afterburner,
is capable of Mach 2.0 operation.

Pratt & Whitney Aircraft oadened its engine
line in 1957 with the 8,000-pound thrust [J52.
The Navy's Burcau of Aeronautics awarded a
$28.5-million contract for further development of
the engine which has been announced as the
powerplant for a new Navy attack plane, the
Grumman A2F. It also was picked for the North
American Hound Dog air-to-surface missile car-
ried by the B-52G “missile platform” bomber.

The PT6, a small, lightweight free turbine en-
gine weighing only 250 pounds, was introduced by
Canadian Pratt & Whitney Aircraft. Tt is designed
for turboprop usc in light plancs and turboshaft
installations in helicopters. It develops 500 equiva-
lent shaft horsepower. At the other end of the
P&XWA power spectrum is the J58, a big single-
spool turbojet in the 30,000-pound thrust class and
intended for operation at high altitudes and high
Mach numbers.

Production of the T34 propeller turbine, which
delivers more than 6,000 equivalent shaft horse-
power, continued for the USAF’s four-engined
Douglas C-133 transport.

The Patterson-Moos division of Leesona Cor-
poration of Cranston, Rhode Island, and Pratt
& Whitney Aircraft during the year entered into an
agreement for a joint research and development pro-
gram on the Hydrox fuel cell. Under a license
from Great Britian, Leesona Corpor?ltiorl had been
engaged in the development of the fuel cell for
more than three years. The cell is a new type of
power producing plant which converts the chemi-
cal energy of hydrogen and oxygen directly into
electricity without the need for conventional en-
gines or electric generators. The agreement covers
the joint development of fuel cell plants for space
and military applications.

In cooperation with Cooper-Bessemer Corpora-
tion, a J57 was being modified to drive a Cooper-
Bessemer gas turbine, converting the turbojet’s
thrust into rotative horsepower. The first unit,
being produced at Mount Vernon, Ohio, will have
10,500 horsepower available for such jobs as pump-
ing natural gas through cross-country pipeline sys-
tems. Natural gas direct from the pipeline on
which the new unit is installed will substitute for
conventional jet fuel. The engineering staff of
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The Alouette jet-powered helicopter, designed
by Sud Aviation of France and assembledgand
marketed in North America by Republic, continued
to perform diversified missions in varied climates.
Northern Airways of Fairbanks, Alaska, where the
temperature drops to —385 degrees Fahrenheit, used
the Alouette for forest service work and salvage
hauls. Petroleum Helicopters, Inc., the U. Ss
largest operator of rotary-wing craft, used Alouettes
to ferry passengers and supplies to offshore oil rigs
m. the Gulf of Mexico, where the warm, mofst
ch{nate raises temperatures to 105 degrees Fahren-
heit. The sale of the Alouette to the Ontario Hydro
Electric Commission, established the first govern-
ment purchase of the craft in North America,
The Missile Systems Division (known as the
Gu1c¥ed Missiles Division previously) continued pro-
duction of the Swallow advanced combat surveil-
lance drone and ground control system under a
330-million contract from the Army Signal Corps.
Th.e medium-range drone employs advanced obser-
vation equipment such as photography, radar and
infrared to “spy” on enemy battlefield installations
behind the lines. Jet-propelled, zero-length
Jaunched and recoverable, the drones are capable

arious projects for
including plant growth
ater recovery, the design

of all-weather operations.

In October the Division was advised by the Air
Force that it had been selected to perform two
nuclear physics research programs under contract.
This work supplements the six anti-ICBM contracts
being performed. Earlier, Missile Systems an-
nounced it had received con. cts from three agen-
cies for study of highly-sophisticated ballistic mis-
sile defense systems. The contracts called for
investigation of such long range approaches to the
problems as an invisible destructive curtain in
outer space and the harnessing of radiation to
cause internal damage to missiles. One program
was studying missile defense systems for 12 to 20
years into the future.

The Division also received its third Navy con-
tract for manufacture of a Practicce Bomb Con-
tainer. The device is used in training pilots in
the delivery of nuclear weapons. Under sub-con-
tract, the Division continued in the manufacture
of Atlas ICBM and Thor TRBM nose cone struc-
tures.

Among the items being manufactured by the
company’s Special Products and Services depart-
ment, cstablished in the beginning of the year to
provide engineering, development and manufactur-
ing service to other aviation companies and allied
industries and to market Republic-developed com-
mercial products, were automatic circuit analyzers
which reduce the time for electrical circuit checks
from hours to less than five seconds for every 100
circuits; and a compact, automatic silver zinc bat-
tery charger capable of charging five aircraft bat-
teries and discharging another simultaneously. A
contract for the production units of a huge plastic
antenna to be mounted aboard Navy ships for
tracking and guiding missiles was received in the
beginning of the year. The contract calls for a
number of antennas to be used with the Tartar
shipboard missile.

For the nine months’ period ending September
80, 1959, a net income of $2,640,254 on sales totaling
$152,952,050 was reported.

RYAN AERONAUTICAL COMPANY

New concepts in propulsion related to VTOL
capability, and in metallurgy adaptable to ex-
tremely high altitude flight and to the tremendous
stresses of rocket motor cases were
Ryan in 1959,

Meanwhile, the

advanced by

. ile plant geared for quantity pro-
duction of its new airborne electronic automatic

navigational systems and the most advanced version
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of the Fircbee jet target. At the same time, estab-
lished assembly lines continued to produce huge
fusclage sections for the KC-135 jet tanker and jet
pods and pylons for DC-8 jetliners, as well as Cor-
poral rocket engines, Marquardt ramjet combus-
tion chambers for the Bomarc missile, and numer-
ous high-temperature components for jet and piston
engines.












purchased an S-58 for use in power line construc-
tion throughout the island. This was the first time
a helicopter had been sold for such work. Once
the technique was perfected, the helicopter set
upwards of 50 poles in a single day. Puerto Rican
officials said the $450 cost of setting a pole by con-
ventional methods was slashed to approximately
5130 through use of the helicopter.

President Eisenhower continued to be the world’s
most famous helicopter passenger, making frequent
use of the Army and Marine versions of the S$-58,
both when in this country and in Europe. His
guests on flights from the White House Lawn
included Premier Nikita Khrushchev of Russia and
former British Prime Minister Winston Churchill.

Sikorsky Aircraft embarked on an intensified
and accelerated rescarch program in all areas of
direct lift aircraft. In addition to continuing its
multi-million dollar research work in advancing the
development of the helicopter, the company placed

added emphasis on rescarch into other concepts of
VTOL and STOIL. Advanced rescarch personnel
arc looking ahcad to the devcelopment of the type
ol vehicles that will meet the needs of modern mili-
tary mobility, fast inter-city transportation and a
wide variety of cargo-carrying and construction
jobs.

The Sikorsky S-62 made an extended tour of
Europe. It was demonstrated in France, Belgium,
Denmark, Sweden, Norway, Germany, Switzerland,
and Ttaly. Another $-62 demonstrator was taken
to Japan, and from there will go to India and
Australia.

The year marked the 20th anniversary of the
first flight in the Western Hemisphere of a practical
helicopter, which was Igor Sikorsky’s VS-300. This
also was the 50th year in aviation for Mr. Sikorsky,
now 70 years old and rctired engincering manager
of the company. He continues in a very active role
as consultant to the firm.

L. B. SMITH AIRCRAFT CORPORATION

The development and production of a newly
designed executive version of the Douglas B-26, des-
ignated Tempo II, and the continuing emphasis on
diversification of company operations, keynoted
L. B. Smith Aircraft’s 1959 activities.

Tempo II is the entry of L. B. Smith Aircraft
Corporation into the advanced executive aircraft
market. Designed to fill a gap between the many
models of present business aircraft and the newest
turbine powered models, the pressurized, high per-
formance Tempo II was in production at L. B.
Smith’s Miami Facility.

For many years a leading conversion center for
C-46 aircraft, the company, in 1958, received a
supplemental type certificate certifying their new
60 passenger, 50,650 pound gross takeoff weight
Smith-AEF Super 46-C for transport category. By
mid 1959, L. B. Smith Aircraft had converted and
delivered 26 of these aircraft for airline use through-
out the world. More than 90 C-46s were converted
through the use of kits, parts and components sup-
plied by L. B. Smith Aircraft.

Farly in 1959, L. B. Smith’s production, overhaul
and conversion capabilities were demonstrated when
the company completed the production line over-
haul of 14 Grumman built SA16, twin cngine Alba-
tross amphibians for the Brazilian Air Force, com-
pleting more than 100 technical orders on cach.
In addition 14 five man crews were trained in the
operation and maintenance of the amphibians.
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The overhaul and modification of 12 C-45H
Beechcraft airplanes for the FAA became another
production line project for the company later in
the year.

Acrosmith Products, a division of L. B. Smith
Aircraft Corporation, specializes in the design, en-
ginecring and manufacturing of business and com-
mercial seats, galleys and lavatories. At the end of
1959, more than 67 airlines operating throughout
the world were equipped with seats and galleys
manufactured by Aerosmith. The division designed
and produced passenger and crew seating for 34
of the 47 Fairchild F-27s delivered during 1959
for airline use.

A Plastic and Fiberglass Manufacturing Division
was inaugurated in mid year; thus, L. B. Smith Air-
craft became one of the few companies in the con-
version field capable of designing and produc-
ing fiberglass and plastic products within its own
shops.

Initial activitics of the new division included de-
velopment and production of the fiberglass seats
used in the interior of the JetStar mock-up that
was executed by L. B. Smith and shown at the
NBAA show in October of 1959. Fiberglass produc-
tion was begun on the seat-shells to be used in
Tempo T1. The new division produced radomes,
spinners, air scoops and cabin accessories for the
industry at large and for aircrafc in L. B. Smith’s
own conversion shops.


















sion can be used to automate complete production
lines of automatic machines in a variety of in-
dustries.

In 1959, Norden also completed and tested pro-
totype models of its miniature all-attitude inertial
platform. This provides a basic module around
which a diverse line of guidance, navigation and
attitude control systems will be built for missile,
aircraft and drone applications.

Other developments included a unique method
for acquiring and presenting terrain clearance in-
formation which enables all-weather operation of
aircraft.  For industrial and military applications,
a small fully-transistorized and self-contained tele-
vision camera was developed and evaluated. Also

VANGUARD AIR AND

Vanguard Air and Marine Corp. was formed in
February, 1958, to do research and development in
the field of vertical Jift aircraft. Work on the first
development continued through early 1959 and
culminated in the testing of the Vanguard “Omni-
plane.” This airplane, the so-called “fan-in-wing”
type, was developed at company expense to provide
a full scale flying test bed for future development
of the fan-in-wing VTOL airplane concept.

The basic features of the Vanguard fan-in-wing
type aircraft are the installation of two horizontal
ducted rotors laterally disposed inside a low aspect
ratio wing and the closures on top and bottom of
the ducts which convert the ducted rotors into

engineered and developed was a cathode-rav dis-
play (contact analog) which presents coordinated
information in syvmbolic form (pathways. speed
markers, compass-oriented grids). This device pro-
vides a submarine’s helmsman with command and
situation information and is applicable to air-
craflt and helicopters.

Also in 1959, Norden note  increascd producli(m
and usage of its line of components, including ana-
log-digital-converters, synchros, p()tcnlimncters, re-
solvers, tachometers, and gyros. Many of these
units are important parts of the guidance systems
of today’s jet aircraft and missiles. Increased engi-
neering cffort resulted in new components which
are more precise and smaller and designed to meet
more stringent environmental conditions.

MARINE CORPORATION

wings for high speed forward flight. In addition, a
ducted pusher propeller is used 1)1'oviding for\‘\';n'd
propulsion as well as airflow over the tatl surfaces
to give pitch and yaw control during low speed or
hovering flight. In August, a ground and full scale
wind tunnel test program on the Omniplane was
started under the sponsorship of the Air Force’s
Air Research and Development Command. The
full scale wind tunnel tests were scheduled at the
Ames Research Laboratory of the NASA.

Work was started on a four-place executive VTOL
airplane for the commercial market and plans were
being made for the design of a 40 passenger Short
Haul Transport version.

VERTOL ATRCRAFT CORPORATION

During 1959 Vertol Aircraft Corporation began
engineering and production activities on more ad-
vanced versions of its multi-turbine powered Model
107, expanded its scope of interests in VI'OL/STOL
aircraft designs, more firmly established the com-
pany’s total capabilities in the general products
field and intensified its efforts in the international
markets.

In March, the Army announced that Vertol had
been selected to build its new two- to three-ton
capacity transport helicopter, designated the YHC-
1B “Chinook.” This aircraft, which followed the
functional design concepts of the company-de-
veloped Vertol Model 107, eventually will replace
all the Army’s “obsolescent piston-powered trans-
port helicopters.” By mid-year, engineering and
tooling for the production of an initial quantity of
these aircraft was underway, with roll-out for the
first Chinook scheduled in the fall of 1960.
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In May, Vertol introduced the Vertol 107 Model
II multi-turbine powered commercial helicopter and
later in the year New York Airways signed an
option agreement for the right to purchase the
first five airline versions of this aircraft to be pro-
duced by the company. The Model II, equipped
to carry 25 passengers, will be available in early
1961.

August 27 marked the first flight of the Army
YHC-TA light tactical transport at the Vertol plant
in Morton. A service test quantity of this 11/4-ton
payload version of the Model 107 was originally
ordered by the Army in July, 1958.

A practical demonstration of battlefield mobility
using the light tactical transport was conducted at
Aberdeen Proving Ground, early in October. The
Vertol Model 107, prototype for the YHC-1A (and
YHC-1B) carried an entire Little John weapon
system internally, unloading the crew and its






WESTERN ELECTRIC COMPANY

During 1959 the Western Electric Company con-
tinued to ‘play a major role in security projects.
The armed forces called upon the company to ful-
fill major national defense responsibilitics on the
basis of the unique abilities developed by Western
Electric in doing its job in the telephone industry,
and on the strength of its past performance in ac-
complishing highly technical, complex projects en-
compassing a broad scope and involving large-scale
operations. It was estimated that Government sales
would be approximately $650 million.

Continuing its work in the guided missile field,
Western Electric performed considerable work to-
ward the mechanization of products for the Nike-
Zeus system, the latest member of the Nike family.
Much of this work involved development of new
transistors and deposited carbon resistors.

The latest addition to the “family,” the Nike-
Zeus anti-missile missile system, was in active
development. Bell Telephone Laboratories was
assigned the research, development and design re-
sponsibilities for the system whose objective will be
to intercept and destroy invading intercontinental
ballistic missiles. Western Electric Company, the
manufacturing and supply arm of the American
Telephone and Telegraph Company, was to con-
tinue as the prime contractor for the research and
development of this anti-missile device.

In addition to the Nike work, activity continued
on a number of important projects for the Army,
Navy and Air Force. These projects included data
transmission systems, weapons direction equipment,
underwater sound operations, guidance systems for
ground-based Terrier missile and the Titan inter-
continental ballistic missile.

During 1959, Western Elcctric continued to play
a key role as the prime contractor for the communi-
cations system of the BMEWS project. This Ballis-
tic Missile Farly Warning System involved Western
Electric in the fields of desion, installation, and
testing.  This system, as the 1ame implies, is an
clectronic system providing detection and early
warning of attack from enemy intercontinental
ballistic missiles.

In May 1959, the company completed the Aleu-
tian Extension of the DEW Line, the westward
segment of the communication and warning facili-
ties of the Distant Early Warning Line. Work con-
tinued on the castern segment, DEW Iast, which
will extend the chain of radar warning stations to
Iceland, 1200 miles east of the terminal on Baffin
Island in Canada. As an adjunct to the Early
Warning System, Western Electric was awarded a
contract to design and install a4 communications
network in support of the Air Force facilities in the
Aleutians. This project called for greater spacing
between stations and will require advances in the
state of the art of “forward propogation tropospheric
scatter’” radio techniques, so called because the
radio waves are reflected off the troposhpere. This
network will expand existing communications facili-
ties in the completed Aleutian extension, and also
in the Alaskan White Alicc communications system.

Other government communications projects in-
cluded the coordination of work for the SAGE
system of continental air defense, engineering and
implementation projects under BMEWS il.l con-
nection with Operation Polevault, communication
and testing for TEXAS TOWERS and a contract
for an Army communications system which will in-
volve a world-wide network.

WESTINGHOUSE ELECTRIC CORPORATION

During 1959, Westinghouse Electric Corporation
continued to expand its activities in fields relating
to the aircraft and missile industry. New advanced-
technology groups, new products and new systems
were developed 1o satisfy the rapidly-changing re-
quirements for electrical and electronic equipment.

Plans were announced for the creation of a cen-
tralized research and development center in the
Pittshurgh, Pennsylvania, metropolitan area. The
center will bring together on a single site in
Churchill Borough, 10 miles from downtown Pitts-
burgh, all the key personnel associated with the
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company’s broad centralized program of basic and
applied research. Ground was to be broken early
in 1960 for two new buildings to be constructed on
the 100-acre site now occupied by the Westinghouse
research laboratories. Full occupancy of the facili-
ties was scheduled for 1961. The Westinghouse ma-
terials laboratories, the new products laboratories,
the manufacturing planning and controls labora-
tories and the patent department will join with the
research laboratories to make up the new research
and development center. An estimated 1750 scien-
tists, engineers and supporting personnel will occupy









in that it is crystal controlled, thereby achieving
extremely high stabilitv. Also, instead of the usual
rectangular pulse, a shaped pulse was designed to
decrease the required bandwidth for operation: this
allows the high-power system to work in crowded
environments without interfering with other elec-
tronic devices. To simplify maintenance, the neces-
sary testing equipment is built into the unit.

Also, in the radav field, a new magnetic-core
memory system with extreme speed was being devel-
oped for a computer system that will be used in a
target-sorting capacity for airborne radar operation.

Development of an airborne device, called a
polarization switch that will filter out radar images
of storms and heavy clouds and thus permit all-
weather jet interceptor pilots to see their targets
more clearly was announced by Westinghouse.

The development will increase radar range be-
tween five and ten times the present maximum in
storms. This is possible because it eliminates much
of the “clutter” on the radar scope reflected from
storms and clouds. Thus, the radar signal bounc-
ing back from the target aircraft shows up propor-
tionately better.

A computer that was originally developed for im-
proving radar operation was also made an aircraft
navigational aid by Westinghouse. In a moving air-
craft, the radar signal frequency hitting the ground
is changed due to Doppler effect, and shows up in
the radar system as unwanted noise, or “clutter.”

A computer was designed to constantly determine
the approximate ground speed from air speed, wind
speed and direction, and trigonometry. Then,
knowing the approximate ground speed, the com-
puter calculates the clutter frequency and filters it
out for improved radar reception.

The new application of this computer is to use
the clutter frequency’s Doppler effect to compute
the actual ground speed. Hence, the total system
uses the airborne fire-control radar for both
Doppler navigation and fire control.

Another Westinghouse Electric Corporation com-
puter under development will be a hybrid of two
basic computing techniques, digital and analog.
The standard analog computer uses one element to
perform a single function in a fixed-wired design;
digital computers on the other hand use only one
basic arithmetic unit, with some clements for add-
ing, others for multiplying. Consequently, the
digital computer has considerable flexibility, and
need be merely programmed to handle all types of
problems.

Design engineers were also finishing work on an
analog computor that will also be programmed. The

computer will accept inputs in analog form, be
directed to a basic arithmetic unit that can add,
multiply, etc., as instructed; the outputs are in
analog form, ready for use in the system. Errors
per operation are only about one-tenth of one per-
cent, and the computer will operate in ambient
temperatures from minus 535 to plus 100 degrees C.
An immediate application for the new computer is
in Westinghouse track-while-scan radar equipment,
where multiple targets are involved.

A new radar antenna that may be the forerunner
of antennas for powerful, long-range, antimissile
radars of the future was announced. An important
characteristic of the antenna—known as a Helis-
phere—is that it scans the sky throughout a com-
plete circle without any motion of the antenna
structure itself. In contrast, a conventional radar
antenna must rotate continually as it sweeps the sky
in search of flying aircraft. In addition, the Helis-
phere antenna is extremely effective in concentrat-
ing high-frequency radar waves into an intense,
narrow, moving beam.

Experimental versions of the Helisphere included
both rigid and inflated balloon-shaped models. The
inflated version offers the additional advantage of
a large structure that is light in weight, portable,
and quickly and easily erected.

The Corporation’s Air Arm Division in Baltimore
was developing a defensive system for the Air Force
B-70 Valkyrie. The system will act as an electronic
shield to protect the intercontinental bomber from
enemy attack. Award of the multi-million dollar
contract was announced jointly by North American
Aviation, Inc., B-70 weapon system contractor, and
Westinghouse.

The defensive system will make use of electro-
magnetic and other techniques to make it difhicult
if not impossible for enemy aircraft or missiles to
successfully attack the B-70. This system with its
advanced technical developments will greatly n-
creasc the manned aircraft’s capacity of self-
defense.

The Westinghouse aircraft equipment depart-
ment in Lima, Ohio was awarded a production con-
tract approximating %11 million to m:mufacml:e
electrical power generating systems for the Air
Force B-58 Hustler. The contract was awarded by
Convair Division of General Dynamics Corpora-
tion, prime contractor for the B-58. Delivery of the
power systems was scheduled for completion in
1960,

The contract also included responsibility for sup-
plying spare equipment, training of personnel and
other phases in support of the B-58 program.
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For the Lockheed Jetstar, Westinghouse received
a $250,000 order for static inverters using silicon
transistors. These units are each rated at 3 kva.

A new model of the ]34 jet engine was being
produced. Designated the J34-WE-48, the “hot
end” of the engine is a basically new design and
features a single-stage turbine. Each of the seven
previous ]34 models used a two-stage turbine.

The single-stage turbine engine has fewer parts,
weighs less, operates at incrcased speed, and pro-
vides easier access for maintenance service. It also
has improved heat distribution for higher operating
temperature possibilities, a greater potential for
extended periods between overhauls, and better
reliability and durability. The Navy Bureau of
Aeronautics officially approved the new model for
production after the engine had undergone almost
1600 hours of tests, including in-flight tests and a
150-hour military qualification test. The ]34 jet
engine is used to power the T2] “Buckeye” jet
trainer aircraft being built by North American
Aviation in Columbus, Ohio. The T2] was being
used for training Navy instructors at Pensacola,
Florida, and Memphis, Tennessee.

Westinghouse received an $11,355,000 order f{or
production of the new-model engine through
August of 196]. It will become eftective on com-
pletion of an existing Bureau of Aeronautics pro-
duction contract. Another contract for $4.8-million
covered an engineering development program on
turbojets at the Westinghouse plant.

New orders totaling over $7.5 million for jet
engine spare parts for the Navy were also received
by Westinghouse. The orders cover additional parts
to support flight operations of the Westinghouse
]34 turbojet engine. Parts will be made at the com-
pany’s Kansas City plant and shipped to Naval air
stations at Pensacola, Florida, and Patuxent River,
Maryland. Various quantities of some 160 in-
dividual spare parts and subassemblies were in-
cluded in the orders. Shipments were to be on a
monthly quota basis throughout 1960.

Goodyear Aircraft Corporation awarded con-
tracts totaling almost $1-million to Westinghouse
for electrical equipment to power and guide Atlas
missile erectors. A control system makes it possible
to store the missile horizontally and erect it to a
firing position in two minutes at the push of a single
button.

An additional 5,250,000 order was awarded West-
inghouse under a Navy contract for initial work on
launching systems equipping four nuclear-powered
submarines to fire the ballistic missile Polaris. These
four craft, belonging to the Navy's sccond genera-
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tion of Polaris submarines, are the Ethan Allen,
Sam Houston, Thomas A. Edison and John
Marshall.

This order brought to approximately S45-million
the total Navy awards to Westinghouse for the de-
velopment and production of Polaris launchers. In
addition to the four Polaris st” narines of the latest
class, these contracts includea funds for handling
and launching equipment in the first five Polaris
submarines — The George Washington, Patrick
Henry, Theodore Roosevelt, Robert E. Lee and
Abraham Lincoln.

Test launchers were built at Westinghouse Elec-
tric Corporation’s Sunnyvale division for und.er-
water, surface and land-based launchings. Using
compressed  gas, the underwater test launchers
ejected dummy missiles successfully many lim_cs {from
beneath the waters off the southern California coast
at San Clemente. On August 27, 1959, the Navy
announced that a Polaris test rocket had been fired
successfully from a surface ship off Cape Canaveral,
Florida.

The Westinghouse Sunnyvale division held the
prime Navy contract for the Polaris Launching :11](.1
handling system. Lockhced Missiles and Space divi-
sion in Sunnyvale is Polaris missile system manager.

The nation’s second missile-firing nuclear sub-
marine, the Patrick Henry, was Jaunched on Sep-
tember 22 from the shipyards of Electric Boat
Division, General Dynamics Corporation, Groton,
Connecticut.

The Patrick Henry will be powered by an atomic
reactor similar to other Westinghouse-dcsigncd
nuclear reactors which have driven Navy atomic
submarines to new speed records and which made
possible voyages beneath the North Pole.

The Westinghousc air arm division in Baltimore,
Maryland, was awarded a contract for more than
$10-million to build additional terminal guidance
systems for the Bomarc arca defense missile. Pro-
duction of additional target seekers was to run
through 1960 on the basis of existing contracts and
the new award {rom the Boeir Airpl:me Company,
prime contractor to the Air Force for the supersonic
ground-to-air missile,

“This brought the total value of Bomarc contracts
awarded to the air arm division to approximately
$60-million. The air arm division was manufactur-
ing terminal guidance systems for the BOMARC
IM-99 in production quantities. Westinghouse also
was working on a development contract from Bocing
for a terminal guidance for the advanced IM-99
which will have increased capacities.






duce pylon panels, nacelle panels and additional
wedge and flat panels for this airplane.

Grumman Aircraft Engineering Corporation
awarded Aeronca a contract to design, tool and
produce the speed brake assembly for the Navy’s
AZF airplane. This structure, due to environmental
requirements, is produced from A286 stainless steel
honeycomb and facing sheets.

An entry into the missile ground support field
was realized during the year when Aeronca was
selected by The Raytheon Company to produce bat-
tery control and maintenance shelters for the Hawk
Missile System. The ensuing design resulted in the
development of a basic shelter unit which offers
greater versatility for the installation of electronic
equipment, greater payload capacity and a new con-
cept of extremely light weight basic structure.

Another new field was entered when the company
received contracts to produce several types of air-
borne antennas. These units were designed, tooled
and produced incorporating the use of bonded
aluminum and phenolic resin materials, making

considerable weight savings possible without sacri-
fice of structural integrity and adding a longer serv-
ice life to the components.

Production of major assemblies for the Boeing
B-52G and H Missile platform continucd during
the year. These assemblies included rudders, eleva-
tors, spotlers and wheel wel'  oors.

The Middletown Division continued to produce
and deliver KC-185 and 707 wing center scctions
for the Boeing Airplane Company.

A continuing program of research and develop-
ment in high-temperature structures, including
ceramic bonding, improved methods of brazing and
processing, improved techniques in welding and
forming of exotic materials continued throughout
1959 at the Middletown Division.

In addition, the company was awarded a contract
for the production of the Pogo-Hi target missile
for the Army White Sands Missile Range. Aeron-
ca’s all purpose training target missile is presently
under evaluation.

ALUMINUM COMPANY OF AMERICA

Aluminum Company of America, in 1959, an-
nounced: successful forging of record-size beryl-
lium billet supplied by Brush Beryllium Company
for the National Aeronautics and Space Adminis-
tration’s Project Mercury; development of all-
aluminum solid propellant rocket motor cases that
exhibit yield strengths greater than steels generally
considered for the application; the Navy's all-
weather attack bomber—the A3] Vigilante—will be
the first craft to make use of X2020, Alcoa’s lithium-
aluminum alloy; reinstatement of construction on
certain long-term phases of its 150,000-ton War-
rick (Indiana) works smelter; resumption of work
on a new die casting plant at Edison Township,
New Jersey; instailation of a 5,200-ton capacity ex-
trusion press at its Vernon, California, works to
supply larger shapes demanded by West Coast air-
craft, missile and rocket industries; installation of
a 14,000-ton extrusion press at its Lafayette (Indi-
ana) works which will be twin to an Air Force
unit now operated by Alcoa; installation of a new
2,500-ton vertical hydraulic press capable of pro-
ducing large impact parts for aircraft and missiles;
development of lateral impact extrusion, a new
metalworking technique; casting techniques to
produce extremely large, super-strength tubes and
rings in highest strength wrought alloy composi-
tions; supplying metal and engineering service for
flying platforms; availability of aluminum sheet in
alloy 5456, highest strength composition available
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in the readily weldable aluminum-magnesium
series; production of closed die forgings tor Lock-
heed Aircraft Corporation’s new JetStar utility
plane; production of world’s largest aluminum in-
gots for Thiokol Chemical Corporation; delivery
of pipe for an underground network of aluminum
pipelines installed at the Atlanta, Georgia, Munici-
pal Airport to deliver fuel to new jet airliners.

Successful forging of a huge, heat absorbing beryl-
lium shield for NASA’s man-in-orbit program was
accomplished during the year. The dish-shaped
piece—approximately 80 inches in diameter—was
produced from a record-size beryllium billet sup-
plied by Brush Beryllium Company. Forging was
carried out on a 50,000-ton capacity press operated
by Alcoa under the Air Force Heavy Press Program.
Beryllium, one of the lightest metals known, is
about one-fifth the weight of steel. It has unusual
ability to absorh large quantities of heat. For
these reasons, the metal is a prime choice for testing
as a heat sink to withstand the tremendous heat
generated by air friction during re-entry and de-
scent through the earth’s atmosphere.

In the field of solid propellant rocket motor cases,
Alcoa conducted u year-long research program. All-
aluminum cases recorded yield strengths greater
than steels generally considered for the application.
Early in the research program, hydrostatic testing of
light metal cases in 7178-T6~highest strength com-
mercial aluminum alloy—exhibited yield strengths






AIRCRAFT RADIO CORPORATION

During 1959, Aircraft Radio Corporation had
increased sales of its lightweight airborne communi-
cations and navigation equipment that reached a
new postwar high. Military and commercial sales
increased proportionately in 1959 to maintain
steady growth in both areas.

Aircraft Radio, pioneer in airborne electronic
equipment since 1928, introduced several new units
to complement its product line during 1959. A
major addition was the Type 15F VHF Navigation
System using the R-—-34A, ARC’s new crystal con-
trolled VHF receiver. This receiver was also de-
signed to be used in modernizing the many thou-
sands of ARC Type 15 systems currently in use.
Other products introduced in 1959 included the
R-31A, an all channel glide slope receiver and the
R-33A, a completely transistorized 3-light marker
beacon receiver. Aircraft Radio also introduced
the FES-1240 series of COM/NAV systems and the
FES-1230 series of basic COM/NAV systems. The

FES—1241 system is a prime example of ARC cen-
tralized control system. This system utilizes a con-
trol panel mcasuring seven inches wide by ten
inches deep which includes frequency selectors and
controls for two independent communications
systems, dual crystal control « ni, ADF, glide slope
frequency selection, marker beacons and audio

selection switches.

Aircraft Radio’s Type 21A automatic direction
finder helped to set three lightplane records in 1959,
Max Conrad in a Piper Comanche, made two
record flights, first Casablanca, North Africa to Los
Angeles, California, then Casablanca to El Paso,
Texas. Peter Bluckman, flying a Meyers 200, in
establishing the around-the-world light plane

record, also used the ARC Type 21 ADF.

In February of 1959, Aircraft Radio Corporation
became a wholly-owned subsidiary of Cessna Air-
craft Company, Wichita, Kansas.

BENDIX AVIATION CORPORATION
CINCINNATI DIVISION

During 1959, the division was involved in indus-
trial and research instrumentation, aviation elec-
tronics, nuclear instrumentation and radiation
safety devices.

One instrument of particular significance was the
Bendix Time-of-Flight Mass Spectrometer, which
can perform 10,000 analyses per second of gases,
liquids and solids. This includes such difficult
analyses as analyzing plasma jets and rocket ex-
haust. The major problem in analyzing high tem-
perature, high pressure flames is introducing the
sample to the high vacuum region of the spectrom-
eter in such a way that the chemical character of
the sample will remain substantially unchanged.
The Cincinnati Division was engaged in prelimi-
nary work on this problem.

ECLIPSE-PIONEER DIVISION

During 1959 Eclipse-Pioneer Division continued
to expand and realign its manufacturing facilities
to meet increasing commitments for automatic
flight control systems, flight director systems, navi-
gational computers, specialized aircraft instrumen-
tation, inertial guidance equipment, and precision
components. Concurrent with this expansion were
significant achievements in research and develop-
ment and the application of advanced concepts in
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electronics to airborne and ground support equip-
ment.

Production of highly precise inertial navigation
systems was accelerated through the completion of
two ultra-modern facilities—a beryllium m.achine
room and a super clean room for production as-
sembly work.

Beryllium because of its high strength to weight
ratio and extremely stable characteristics over wide
ranges of temperatures had rapidly come to the fore
as a valuable space age metal. It was extremely
difficult to machine, however, and its dust was toxic.
Eclipse-Pioneer research and engineering combined
to build and put into operation a facility wherein
beryllium could be machined with complete safety
to personnel. Keys to the removal of injurious
levels of toxicity were a huge air conditioning sys-
tem which effected a complete change of air every
five to six minutes, and a powerful exhaust system
which, through manifolds was linked to every
machine and work bench in the room. Constant
checks of air contamination never revealed a beryl-
lium content any greater than 20 percent of the
allowable safe limit. For working the highly abra-
sive and somewhat temperamental beryllium to the
millionths of an inch required, specially designed
machines, some with temperature control spindles,






actuations, complete dual computation and sensing,
and separate comparators for each autopilot. A
contract was received from Lockheed to design,
develop, and put into production the first transis-
torized Navy autopilot capable of stick-steering and
radar altitude modes. Coincident was a contract
for the first transistorized autopilot specially de-
signed for a commercial cargo transport, the Cana-
dair CL-44,

Contracts for roll stabilized compass systems were
awarded to Eclipse-Pioneer by both the Air Force
and the Navy. Continued expansion in vertical
scale instrumentation was exemplified in the receipt
of contracts for the F-105 and F-106 aircraft.

Utilizing advanced state-of-the-art concepts, the
Divison, in conjunction with Litton Industries,
undertook the development of air data sensing and
computing equipment for hyper-velocity and upper
atmosphere flight.

Contributing to the demands of missile flight,
Eclipse-Pioneer developed the vertical sensor, a
sensitive electrical plumb-bob, used to check that
a missile is exactly erect on its launching pad. The
unit can determine true vertical within three min-
utes of arc, which corresponds to an error in course
of less than five feet at an altitude of one mile.

Development, production, and sales increased in
the Division’s extensive line of precision rotating
COmMpOonernts for servomechanism and computing
equipment—synchros, low inertia servo motors,
motor generators, and tachometer generators—as
well as in miniaturized, modular components for
amplifiers and computers. Outstanding was the
development of an electrical two-speed synchro for
accurate shaft position data transmission in the
field of guidance and control systems. The new
unit eliminates a synchro transmitter, control trans-
former, and attendant gearing presently required

in such applications.

FRIEZ INSTRUMENT DIVISION

During 1959, Friez Instrument Division continued
manufacture of an aircraft thermometer which
directly measures the true ambient free air tempera-
ture. This thermometer, the Bendix-Friez Axial
Flow Vortex Thermometer, was being supplied to
Boeing for the Boeing 707 jet.

The vortex probe is mounted outside the plane
at a static pressure point in the airstream. Aijr
flowing through the probe is directed by a fixed
spiral vane to create a vortex around the sensing
element. The cooling effect at the center of this
Air vortex compensates for the dynamic heating, so

that the temperature measured is equal to that of

170

the ambient free air. The tempraturesensitive
resistance winding in the vortex probe forms one
leg in the bridge circuit of the temperature indi-
cator.

Friez also continued to supply the Magnesyn Re-
mote Indicating Svstem to the aircraft industry.

The Magnesyn svstem is ¢ posed basically of
two units—a transmitter and an indicator—joined
together by electrical wiring. By means of this sys-
tem, aircraft instruments can be actuated without
the need for long mechanical linkage or tubing
connections. This system saves in weight, simplifies
installation and maintenance, and greatly reduces
fire hazard by eliminating the need for introducing
fuel, oil, and hvdraulic lines into the cabin of the
airplane.  Magnesyn instruments were being sup-
plied to Fairchild, McDonnell, and other companies.

HAMILTON DIVISION

The Hamilton Division continued to expand its
product line in 1959 with the introduction of pre-
cision bellows, assemblies and thermostats for mis-
sile, aircraft and industrial :1})p1ic:1tions.

Materials included stainless steels, monel, phos-
phor bronze and beryllium copper. Standard sizes

range {rom .180 to 3.5 inches root diameter.

Production at year-end included bellows, bellows

assemblies and complete thermostat assemblies.

Control devices including bellows are a1§0 manti-
factured to customer drawings and specifications.

Additional emphasis was placed on %ndustrial
applications with the introduction of industrial
servo valves, motors and hydraulic power supply
systems. The Hamilton Division had . closed
loop” Electro Hydraulic Servo Valve aVﬂllﬁble-for
capacities ranging from one to SIX g.Pm- DGSIE‘{HS
were completed for a new valve designed for in-

dustrial use which will have capacity flexibility

from approximately one gpm 1o 15 gpm when

used on a 3000 psi system. .
The Division continued to expand the family of

lightweight, hydraulic pumps having fixed or varia-
ng from two to 40

ble displacement in sizes rangi
eds to 18,000 rpm.

gpm and having operating spe .
The program included pumps for high temperature
operation using advanced hydraulic fluids.

Other important developments underway at the
Hamilton Division included further product expan-
sion to include missile and aircraft heat c‘xchzmg?rs,
fuel supply and transfer pumps and the integration
of components into complete integrated subSYSt.CmS'
With this expanded product line, the Hamilton
Division added emphasis to a more complete sales
and service organization to evaluate, market, ad-



minister and service the growing number of diver-
sificd programs in progress at Hamilton.

MONTROSE DIVISION

The Montrose Division continued a planned ex-
pansion program during 1959. The Montrose Divi-
sion product line included pressure switches and
transducers; aircraft autosvn indicators and trans-
mitters: D. C. position indicators and transmitters;
high precision small D. C. motors: dvnamotors;
tachometer generators and indicators; military
synchros; and angle of attack indicators. The Engi-
neering Department was enlarged to carry on a
schedule of product improvement and new product
development.

Montrose expanded its line of integrally-lighted
indicators and was offering both single and dual
indicators with integral lighting. Quantities of
these indicators were being supplied to the military
for use on the latest model aivcraft. .

Scveral miniature, integrallv-lichted D. C. posi-
tion indicators were developed and put into pro-
duction. These indicators were replacing the older,
less accurate types previously used.

Several models of pressure transducers were de-
signed and released to production for use on air-
craft and missile telemetering systems.

The Montrose Division type 27400 angle of
attack indicators were being manufactured in vol-
ume for use on Navy fighter and attack aircraft.

Montrose developed and produced a complete
line of ordnance synchros including high tempera-
ture and radiation resistant synchros for atomic
reactor applications.

PIONEER CENTRAL DIVISION

The Pioneer Central Division of Bendix made a
number of developmental advances in aircraft in-
strumentation during the year.

Added to its products were miniaturized (two-
inch) standby altimeters and airspeed indicators.
These small lighted units are mounted near the
clectrically operated vertical display instruments
and increase flight safety by providing accurate
mechanical indication of these functions in the
event of power failure. High fuel flow requirements
of current aircraft designs have been responsible
for the development of a small, highly accurate,
mass type fuel flow system capable of measuring
flows to 125,000 pph within one percent of the
actual flow,

In an effort to provide protection for personnel
working in hazardous atmospheres, Pioneer Central
developed and produced for the Army Quarter-

master Corps an environment controlled protective
suit and back pack liquid air supply and regulation
system capable of providing air conditioning and
a breathing atmosphere.

The development and production of an optical
liquid level sensing and switching device generated
interest because of its small size and high reliability.
The unit will function in fluids with widely diver-
gent characteristics and has found application in
missile launching and flight operation as well as
industrial fields.

PRODUCTS DIVISION

Bendix Products Division continued to supply
many of the major aircraft engine, airframe and
missile manufacturers with complete fuel metering
and landing gear systems and components.

At the same time research and development facili-
ties were increased to meet the needs of the rapidly
growing missile and atomic requirements of the
future.

In the Aircraft Engine Equipment section major
efforts were placed on “in house” developments of
several engine control and fuel system devices for
universal customer application. This provides
standardized basic units to the customer at mini-
mum cost and with a minimum expenditure of
time.

A Shaft Turbine Engine Control was developed
for engines up to 750 horsepower for industrial,
ground vehicle, fixed wing and helicopter applica-
tion. Demonstration tests were completed in cus-
tomer and Bendix engine facilities. System weights
are as low as four pounds.

Hydraulic computer type Universal Turbojet
Controls are adaptable to a wide range of engine
sizes by changing simple main fuel bodies. A flexi-
ble, optimumly packaged light weight control is
adaptable for engines from 1,000 pounds thrust
upward. Development tests were completed and
packaged controls were available.

A series of low cost, extremely reliable magnetic/
amplifier, temperature controllers were developed.
This basic design can be adapted for use in direct
temperature control or limiting gas turbine tempera-
tures for all size engines. Component qualification
testing was completed.

Other interesting developments included liquid
rocket engine controls of the hydromechanical type
for direct operation with rocket fluids and combina-
tion hydromechanical—magnetic amplifier tvpes.
These were tested and available.

Another field included injection svstems for light
aircralt reciprocating engines. Developments com-
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Outstanding among the Avionics Group's devel-
opments was the new DRA-12 Doppler Radar Navi-
gation System. This highly-accurate long-range,
self-contained navigation system which provides
direct read-out of ground speed and drift angle
were to first be used by United Air Lines on their
Hawaii-to-California DC-8 Jet Mainliners in Janu-
ary, 1960. Weighing only 60 pounds, the Bendix
system incorporates many new and unique design
features: the antenna is completely passive (no
moving parts are used) and it can be mounted in
a very shallow recess in the fuselage: complete
transistorization and maximum utilization of plug-
in preassembled computer circuit boards provides
a high degree of reliability, easy access for mainte-
nance and permits packaging in standard airline
configurations. A special navigation computer
which reads-out distance-to-go and course deviation
information was nearing completion in engineering
and was to be available as a companion system for
the basic Doppler Radar System early in 1960.

Airborne Weather Radar sales continued at a
high level during 1959 with large numbers of pro-
duction systems being delivered to business aircraft
owners and overseas airlines. Bendix Weather
Radar Systems were specified for the Douglas DC-8
by Eastern, Northwest, Panagra and KLM Royal
Dutch Airlines. Significant in the weather radar
field in 1959 was the development of a new 18-inch
antenna which permits installation of airline sys-
tems in aircraft as small as the Twin Beechcraft.

A license agreement was concluded in mid-1959
with Cossor Radar and ZElectronics, Limited of
London which permits Bendix to manufacture and
market a U. S. version of the British designed Air
Traffic Control Transponder. This 14 ATR air-
borne unit, working in conjunction with Air Traffic
Control Surveillance Radar Systems, will provide
instantancous identification of a specific aircraft.

Airborne electronic equipment packaging was
considerably advanced through Bendix efforts in
cooperation with the Air Transport Association.
Bendix made available a wide line of reusable con-
tainers which will greatly reduce maintenance cost
for airlines when trans-shipping equipment from
stations to overhaul shops for service. Reusable
containers designated as Category I can be used as
many as 100 times. Category II containers have a
service life of up to 25 trans-shipments.

Advanced programs at Bendix Radio Division
also included operation and test of a feasibility
model of a multi-purpose long-range radar, employ-
ing phased array techniques, which was developed
for the Air Force and the Advanced Research Pro-

jects Agency; development of an extended range
communications equipment for space applications;
participation in DYNASOAR; participation in
Project MERCURY tracking and air-ground com-
munications; and in the Air Force’s polar orbit
communications satellite, Task STEER.

In the components area, Bendix Radio began
limited production of the sub-miniature emergency
UHF communications unit, the AN/ARC-63(XA-1).
This unit, which automatically switches to battery
operation in event of failure of an aircraft’s primary
power source, was the first equipment completed
to meet the Air Force Uniform Design Criteria.
It was being used in the Convair B-58.

Also completed during the year was an experi-
mental model of a panel that integrates radio con-
trol functions of all mission and traffic control
equipments in high performance aircraft. It can
be used with any combinations of equipments,
reduces cockpit space requirements by half, and is
human-engineered for touch operation without vis-
ual reference by the pilot.

RESEARCH LABORATORIES DIVISION

During 1959, several notable development pro-
grams were completed by Research Laboratories
Division of Bendix Aviation Corporation in aero-
nautical and space technology fields.

First used to adjust the attitude of the Discoverer
II satellite as it made its polar orbit of the earth,
the Bendix Cold Gas Reaction Controller was de-
veloped by the Research Laboratories for Lockheed
Aircraft Corporation under an Air Force contract.
Weighing less than 18 ounces, this revolutionary
type of reaction control can keep a satellite oriented
in its desired orbit and prevent the tumbling end-
over-end motion of satellites previously launched
without such a control. Mounted on the periphery
of the satellite, a set of these steering jets discharges
compressed nitrogen in response to autopilot-con-
trolled electrical signals. Thrust is continuously
variable from 0 to 15 pounds and is proportional
to the deviation from the desired satellite attitude
relative to the earth or other reference point.

The Laboratories also developed small portable
mass spectrometers using the same focusing prin-
ciples as are used in the commercial models of the
Bendix Time-of-Flight Mass Spectrometer, which
were in production at the Cincinnati Division of
Bendix Aviation Corporation. These portable
spectrometers were designed for use in a varietv of
airborne applications and were intended for instal-
lation in almost every type of air vehicle including
aircraft, rockets, balloons, satellites, and space
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probes. Full use was made in the portable models
of the latest miniaturization and transistorization
techniques to produce a compact and rugged in-
strument weighing only 17 pounds. This device
can make over 10,000 chemical analyses per second
and by integration techniques can measure a num-
ber of gases simultaneously.

Other contributions of the Research Laboratories
to aeronautical sciences were the basic sensors de-
veloped for the AN/AMQ-15 Air Weather Recon-
naissance System, a weather-sensing system designed
to furnish new meteorological and geophysical data
on a global scale to the Air Force, commercial air-
lines, the Weather Bureau, and various research
organizations. Successfully flight tested at Seattle,
Washington, the Bendix sensors will measure dew-
point, albedo, ozone, and pressure. A low-cost,
expendable index of refraction sensor was also
completed.

SCINTILLA DIVISION

During 1959, Scintilla Division developed the
Temperature-Vibration Monitor to provide flight
engineers of turbine powered aircraft with constant
knowledge of temperature and vibration conditions
on the engines of the aircraft. This instrument
simultaneously displays on the aircraft flight deck,
in easily read bar graph form on a cathode ray
tube, the continuous findings of 40 temperature
and eight vibration sensors strategically located on
the four engines of the aircraft.

The Bendix Pygmy electrical connector made
many contributions to the ever increasing programs
of research into the ways and means of reducing
weight and conserving space in the installation of
electronic equipment and wiring on aircraft and
missiles,

Scintilla Division also developed a versatile tester
for both alternating and direct current operated
jet engine ignition units of the capacitor discharge
type. This equipment evaluates the ignition units
at an applied voltage by measurement of the input
current, spark rate and output voltage. This tester
is easily and quickly connected to an aircraft. It

speeds trouble shooting and eliminates the problem
of possible removal of serviceable units.

CHANDLER EVANS

The year 1959 was marked by a sizeable increase
in shipments of fuel pumps, main and alterburner
fuel controls and new unitized fuel controls for the
couniry’s leading jet powerplant manufacturers. It
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SYSTEMS DIVISION

Highlights of 1959 included a number of new
weapon systems and space systems contracts for the
Bendix Systems Divisions.

During the year, Bendix Systems received the
prime contract for a new Navy missile system con-
cept called Eagle. Exceptional accuracy and vastly
improved range will make Eaglc — new generation
air-to-air missile system. The speed and altitude
capabilities of Eagle will permit building the sys-
tem performance into the missile rather than into
the launching aircraft. Eagle will be employed for
Naval fleet defense and intercept missions. Major
subcontractors included Grumman Aircraft Engi-
neering Corporation, Sanders Associates, Litton
Industries, Aerojet-Generul Corporation and West-
inghouse Air Arm Division.

Bendix Systems Division also received the prime
contract for developing the Communications system
for the STEER Communcation Satellite, a polar
orbiting satellite to relay voice from ground station
to SAC bomber and return. STEER is part of the
NOTUS project conceived as a global communica-
tion system.

A program underway for more than. two years
provided Bendix Systems with a capszlllty.in de-
sign, development, and test of elec.tromc egmpment
for operation in a nuclear raciation environment.
A complete file of components and radiation effects
was established. Nuclear reactor tests were con-
ducted on components and subassemblies to estab-
lish radiation effects. At the same time design
studies were conducted toward the development of
radiation resistant subsysterns. .

The year saw a successful execution of the devel-
opment of a global weather reconnaissance system
for the Air Force. The objective of this program
was to provide new and timely m.eteorologi(.tal and
geophysical data on a global basis. The alr.borne
system includes rocketsondes, dropsondes, aircraft
probes, and sensors, cloud and storm .radars, com-
puters, recorders, and displays. Serving the Air
Force, commercial airlines, weather bureaus, and
research laboratories, the new system w.ill be in
multi-jet aircraft cruising at M. 95 at altitudes up
to 50,000 feet, and gather weather data up to
170,000 feet.

CORPORATION

was estimated that total shipments for 1959 would

exceed 1958 shipments by morc than 1_2 pcreent.
During the year, the company continued its pro-

gram to acquire the most advanced types of auto-












5.5-kva 1837-cycle mercury-vapor-cooled machine
was tested. A 60-kva 400-cycle, Class C continuous-
duty air-blast-cooled machine was under construc-
tion.

An off-shoot of the J&H wvscf development, a
new frequency changer “black box” is capable of
taking a 60-cycle input and converting it to fre-
quencies of several kilocycles. The unit was being
studied for application to naval sonar and commer-
cial equipment power needs.

A new, small, lightweight, two-pole, three-phase
a-c tachometer generator was developed for use on
jet aircraft. The unit weighs 0.8 pound compared
to 1.3 pounds for the previous standard, larger
unit. The tach is rated at 350° F. continuous
operation.

One of the smallest and lightest regulators in its
rating yet developed, the Jack & Heintz a-c transis-
torized regulator incorporates solid-state advances to
achieve the size and weight reductions. It uses the
gain and switching characteristics of the transistor
to eliminate bulky magnetic amplifiers. A zener
diode is used in place of a tube to provide a volt-

age reference level for comparison with the sensed
signal.

The regulator, entering into wide use aboard
helicopters such as the Kaman HU2KI1 and Vertol
YHC-1A, can incorporate a reactive load division
circuit for paralleling generator systems.

JRH increased the number f starter-generator
systems in the production sta,e. Systems by the
company include ratings to 750-amp d-c, with sys-
tems available for the entire spectrum of turbojet,
turboprop and turboshaft engines. The systems
were proving particularly adaptable to the new-
smaller jet engines rated to 14000-pound  thrust.
Most recent of the JRH starter-generator systems
applications was the Lockheed JetStar. This jet
transport, powered by four Pratt & Whitney JT-12
engines, will use a 400-amp system.

The missile ground support system developed by
J&H is clectromechanical, performing functions of
transporter-leveling, Iaunch-pad—l)ositioning, missile-
erecting and missile-rotating prior to launching.
The system is very compact and lightweight to per-
mit air transport.

KOEHLER AIRCRAFT PRODUCTS COMPANY

During 1959, Koehler Aircraft Products Company
increased production of its cryogenics control valves
for missile and ground support applications.

These valves included: a blade valve for cryo-
genic liquids control in the —320°F to —250°F
range; a ball valve capable of handling liquid
oxygen or gaseous oxygen to 450 psi; and a pneu-

matic valve which performs dually as a pressure
relief valve and as a check valve.

Koehler/Dayton units are used in the fuel system
of the Douglas DC-8.

During the year, Koehler had many other com-

ponents in pilot production or service testing.

LEAR, INCORPORATED

Lear, Incorporated, entered its thirtieth year in
avionics with a 1959 sales volume of approximately
590-million and a backlog of $85-million as of
November, 1959. This compared with a 1948 sales
volume of $63.6-million and a backlog of $71.9-
million at the end of that year.

The expansion and development programs of
1959 were highlighted by a series of major accom-
plishments including new product development,
new production facilities, intensified research in
new fields and re-alignment of operating divisions
to increase their production potential.

In September, 1959, Lear dedicated its new aero-
space manufacturing facility in Grand Rapids,
Michigan. This new facility of the I.ear, Incor-
porated Instrument Division is a 172,800 square
foot manufacturing plant built expressly for the
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production and assembly of precision components
and systems for manned and unmanned flight vehi-
cles. The positively pressurized plant Contai'ns a
complex of “white rooms” which have a higher
degree of clinical cleanliness than is to be found
in ultra modern hospital surgeries.

As it moved into its new ! cility, the Instrument
Division announced that Lear, in 1959, became the
first company to develop and build a complete
Geocentric Pendulum Control unit, the heart of
the company’s new Geocentric Vertical Reference
System undergoing flight tests at year-end. The
GVR system consists of the Model 7425A Geocen-
tric Pendulum Control tied into any Vertical gyro.
The Geocentric Pendulum Control unit of the
GVR system functionally replaces the conventional
vertical gyro gravity-sensing device, which is affected






ance of the Navy DASH program. For the Gyro-
dyne DASH vehicle, Astronics developed a “milli-
min” packaged complete drone control that
stabilizes the remotely controls the vehicle.

Astronics also moved into hot gas stability and
flight control systems by participating in team pro-
posals with the Kidde and Batelle organizations.

In electronics the Astronics Division was building
low cost receivers, Versa-tel data transmission equip-
ment and beacons. It also teamed up with other
companies in developing a missile nose cone re-
covery system.

Also based in Santa Monica was the LearCal
Division, which in 1959, produced over 2,500 flight
proven NAVCOM-100 systems for private and ex-
ecutive aircraft.

Slated for production in 1960 was the all-transis-
torized L-3 autopilot which represents a significant
advancement in light plane automatic flight con-
trol. Lear was also producing a new light weight
three-axis data generator (gyro reference) and the
NAFLI Jr., an atticude indicator featuring natural
flight reference for the easiest and quickest attitude
reference yet available. In 1960, Lear was to begin
production of the ADF-47, an all-transistorized
direction finder.

Integrated functionally with all Lear divisions
was the Transport Sales Organization activated
under the Astronics Division in 1959 to expand
Lear’s role in the commercial transport market.

Utilizing 30 years of experience gained in aircraft
navigation and communications marketing, Lear
designed an all new, sophisticated system for trans-
port aircraft known as the ADF-200 system. Using
subminiature tubes and transistors for optimum

performance, the ADF-200 is the most advanced
automatic direction finding system vet conceived.

Another system projected for the transport market
was the NAVCOM-200, an advanced version of the
flight-proven NAVCOM-100. NAVCOM-200 is a
crystal-controlled navigation and communication
system with optimum perforrance and reliability.

At Elyria, Ohio, on the o .skirts of Cleveland,
the Lear-Romec Division continued development
of its standard product lines, including centrifugal
fuel boost pumps, lub/scavenge pumps for jet en-
gines, pressurization and desiccator assemblies for
radar units, servo valves for missile hydraulic
guidance.

New contracts obtained during 1959 included
component orders for the Convair B-58, Lockheed
JetStar, McDonnell 119, Republic “Sywallow” drone,
“Eagle” and “Nike-Zeus” missiles, and many others.

A few of the new products developed in 1959
included the RG-18500 and RG-18530 camera
vacuum pump, the RG-18360 integrated hydraulic
power package, the P-1272, the P-1272A and the
P-1279 coolant units as well as the RR-12160 fuel
booster pump.

Lear established a Solid State Physics Laboratory
in Santa Monica in 1959. The SSP Laboratory
was conducting research in electroluminescence,
metallic oxide films, infrared detection, plasma tech-
nology, semi-conductors, ultrasonics, photo-conduc-
tors, thermoelectricity, and gyromagnetics.

Overseas, Lear, Incorpornted, continued its ex-
pansion, particularly through Lear Electronic
GmbH of Munich, Germany, a wholly owned sub-
sidiary, and the Lear sales offices in Geneva, Switzer-
land, and Wiesbaden, Germany.

MB ELECTRONICS DIVISION
TEXTRON ELECTRONICS, INCORPORATED

During 1959, MB FElectronics continued to sup-
ply completely integrated vibration test systems for
use by major contractors in the missile, aircraft,
electronics, and associated industries. These are
used for the vibration testing of components and
systems for missiles and high-performance aircraft.
Such testing must meet government or industry
specifications for generating, controlling, and meas-
uring vibration under precise conditions of tem-
perature, humidity, pressure, and/or other environ-
mental forces.

Three major contracts for vibration test systems
were awarded MB during 1959. Aberdeen Proving
Ground awarded MB a 5254,460 contract for a
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special vibration test system consisting of three ex-
citers in force ratings of from 1750 to 28,000 pounds
and two electronic amplifiers (17.5 and 100 KVA).
This equipment will be used for all types of vibra-
tion testing at Aberdeen. A new feature is that it
will be able to use tape—recorded vibration data
taken from the field, amplify this electronically,
and apply it to an electromagnetic shaker. Thus,
field conditions can be simulated accurately in the
laboratory.

The Air Force awarded MB a contract for ap-
proximately $230,000 for special vibration calibrat-
ing equipment.

On August 20, one of the largest single orders






and S2F-3 “Tracker” airplanes under necarly S4 mil-
lion in contracts from Grumman Aircraft Engineer-
ing Corp. Development and prototype production
work on the systems was conducted by Honeywell
for one and a half years at the company’s Aeronau-
tical Division in Minneapolis. Honeywell also an-
nounced receipt of a $5.4 million contract to
develop and produce inertial guidance systems for
Centaur, the first U. S. high-energy space vehicle.
From May through October Honeywell's Aero-
nautical Division flight tested a three-axis version of
its Adaptive Flight Control system in an F-101A
airplane. Dynamic performance was exactly as pre-
dicted over the flight envelope of the F-101.
Honeywell’s Aeronautical Division announced
that it had proven the feasibility of an electrically
suspended gyroscope with the potential of far
greater accuracy than present forms of gyroscopes.
The gyro contains a beryllium sphere rotor ma-
chined to tolerances more accurate than 15 mil-
lionths of an inch. The sphere is electrically sus-
pended in a vacuum and rotates at high speeds
unassisted for long periods of time. Honeywell had
been conducting research in electrically suspended
gyros under contract to the Navy Bureau of Ord-
nance since 1956 and in 1959 received a contract
from the Air Rescarch and Development Command
of the Air Force for a study of airborne feasibility.
In September, the National Aeronautics and
Space Administration successfully fired a Big Joe
Test Capsule which was controlled and stabilized in
space by a Honeywell system. The stabilization and
control system was programmed to take control of
the capsule at separation, stabilize its flight, then
turn the capsule completely around and at the
point of re-entry start the capsule revolving slowly.
The company was building a more complicated but
similar system for Project Mercury’s manned flight.
Receipt of a $2.6 million contract to produce
miniaturized inertial guidance systems for Army

THE NEW YORK AIR

WATERTOWN

The Watertown Division of The New York Air
Brake Company continued to expand the existing
product line of “STRATOPOWER” constant and
variable delivery, axial piston hydraulic pumps
and motors during 1959,

The “STRATOPOWER” Overcenter Hydraulic
Pump offered a brand new degree of versatility
and several advantages over previously available
pumps. ‘The most significant advantage to the over-
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surveillance drones being built by Republic Avia-
tion Corp. was announced in September. The 1in-
ertial guidance units, conjunction with an
airborne computer, will be able to guide the drone
over several target areas on cach flight without
radio or radar commands and return the drone to

n

safety.

The Honeywell-Atkins Ma
new airborne lighting system designed to reduce
sharply the possibility of mid-air collisions, was cer-
tified by the Federal Aviation Agency. Acting on
the FAA approval, Honevwell's Acronautical Divi-
sion announced that it was stepping up production
plans to make the flight safety device available for
all civilian and military aircraft.

Early in October the compuny’s Acronautical Di-
vision completed the nation’s first long-term two-
man space cabin simulator. The seven-ton device,
which was designed to explore man's reaction to
30 days of simulated space flight, was shipped to
the Air Force’s School of Aviation Medicine at
Brooks Air Force Base, San Antonio, Texas. To
approximate closely conditions imposed Dby space
travel, the space cabin was dcsigned to be virtually
self-sustaining. As a result of devclopments  at
Honeywell, the astronauts in the cabin will breathe
and re-breathe the same air and drink and re-drink
the same water for 30 days.

During 1959, Honeywell's Aeronautical Division
worked on the navigation and guidance system for
one version of Dyna-Soar, the Air Force manned
and pilot-controlled semi-orbital vehicle.

For the Army-Navy Instrumentation Program
the Research Department of Honeywell’s Aeronau-
tical Division conducted studies to determine
human ability to control everything from a single
push-button to a complete space ship. Both men
and aircraft were simulated on digital and analog
computers in a technique referred to as “robot

psychology.”

mum Safety Light,

BRAKE COMPANY
DIVISION

center type of design is the fact that once a pump
of any given size is developed, the companion motor
Is well on its way to being developed. The New
York Air Brake design shows only a subtle differ-
ence between a pump and motor.

The company had in production several of these
new hydraulic motor and pump sizes and other
sizes will continually be made available.

The sizes available at year-end as pumps or



motors with ratings in cubic inches displacement
per revolution included .05, (1, .2, .25, .6, .68, 1.6,
4.5, These were available in both fixed and variable

displacement versions. It is significant that these
hydraulic motors can utilize any of the presently
known fluids.

PACIFIC AIRMOTIVE CORPORATION

During 1959, Pacific Airmotive Corporation con-
tinued its work on overhaul of jet engines. Sched-
ules for deliveries of JT5 jet engines to Continental
Air Lines called for two overhauls a week. This
workload was supplemented by a support program
on the J'T+4 engine, with output averaging an engine
a week.

Commercial jet engine overhaul supplemented
the company’s volume in the overhaul and servicing
of military J57, J75 and T34 engines, with the over-
haul of Rolls Royce Dart engines scheduled to
begin in January 1960. PAC also continued to over-
haul piston engines and accessories ranging in size
from the smallest Lycoming and Continental en-
gines up to the largest Pratt & Whitney engines.

Pacific Airmotive was the only aircraft mainte-
nance facility in the United States currently cer-
tificated by the Federal Aviation Agency to overhaul
both JT3 and JT+4 jet engines.

Eleven Grumman Gulfstream turboprop busi-
ness transports were sold by PAC and its wholly
owned subsidiary, PacAero Engineering Corpora-
tion. Eight of the aircraft were delivered during
1959, with the balance scheduled for early 1960.
The company received orders to outfit 10 of these
Gulfstreams, which are delivered by the manufac-
turer in bare-hull condition.

Convair 340s and 440s were being modernized to
high perfromance propjet aircraft under a joint
program with the Allison Division of General
Motors. Conversion of the Convairs involved re-
moval of the original piston engines and installa-
tion of Allison 501-D13 propjet engines. Through
PacAero Engineering Corporation, PAC is respon-

sible for the engineering, tooling, manufacture and
installation of the conversions as well as flight test
and FAA certification. PacAero had orders for 10
conversions, with nine additional aircraft being

scheduled.

The distribution phase of the company’s opera-
tions was broadened with the addition of new fran-
chise lines for parts and equipment installed on
the turbine-powered airliners and business trans-
ports now going into service. Supplementing the
major engine and accessory manufacturers that
PAC has represented for many vears, the company
signed distributor agreements with the following
manufacturers during 1959:
tries, Minnesota Mining & Manufacturing, Mele-
tron, Marvel Schebler division of Borg Warner,
Airborne Accessories, Sonotone, and Holley Car-
buretor.

Cooperative Indus-

At Chino, California, the company was perform-
ing a small overhaul program on Venezuelan Air
Force C-47s and had an IRAN contract to overhaul
67 Navy R4D transports.

Flight Support, Inc., PAC’s subsidiary engaged
in the manufacture of aircraft test and ground sup-
port equipment, was responsible for the design and
production of accessory test units for American
Airlines’ new jet test facility at Tulsa.

Golden Gate Aviation, Inc., was incorporated as
a subsidiary of PAC in 1959. Headquartered at
Oakland International Airport, Golden Gate Avia-
tion is the authorized distributor for Beechcraft
private and executive airplanes in Northern Cali-
fornia and Northern Nevada.

PACKARD BELL ELECTRONICS
TECHNICAL PRODUCTS DIVISION

In a year of advances and developments, Packard
Bell Electronics’ Technical Products Division ex-
perienced four major events: the award of an
initial subcontract for Polaris Fleet ballistic missile
automatic checkout cquipment from the Lockheed
Aircraft Corporation, Missile and Space Division;
the acquisition of a majority interest in Technical
Industries Corporation of Pasadena; the listing for
trade of Packard Bell Electronics’ stock on the
New York and Pacific Coast stock exchanges; and

ground breaking ceremonies for an eventual 350,
000 squarc foot clectronic center in Newbury Park,
California.

The Division concentrated on research, design,
development and manufacture of electronic con-
trol and test equipment, avionic equipment and
components, electrical, electronic and clectro-
magnetic devices and systems.

With an experience based on engineering devel-
opment and production of electronic ground sup-
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port equipment for the Thor program, the Snark
missile, and the Falcon missile, the Division was
awarded in 1959 an initial subcontract totaling
approximately $1.5 million from Lockhced for the
development and manufacture of factory automatic
checkout and readiness equipment for the Navy
Polaris Fleet ballistic missile.

Another important contract received during 1959
was a $239,918 award from the Rome Air Material
Area, Grifiss Air Force Base, calling for UHF
radio scts for ground-to-air communications.

Packard Bell, leading supplier of IFF communi-
cations equipment, continued delivery of radar
identification sets AN/APX-6 and received a new
contract for radar recognition sets AN/APX-7.

Two major developments of the Computer Cor-
poration were the TRICE (transistorized real time
incremental computer expandable) and the Multi-
verter. The TRICE is a differential analyzer which
evaluates a missile’s performance as fast as the
missile operates. Several contracts were received
from the Army for this device. A later development,
DAFT (Digital/Analog Function Table), was an
outgrowth of TRICE techniques and provides ac-
curate and repeatable arbitrary function gencration
for analog computers.

A DAFT installation at Holloman Air Force
Base in 1959 was slated for flight simulation, sub-
stituting for expensive experimental flights.

The Multiverter is an analog-to-digital and

digital-to-analog converter. This mechanism  can
translate information to digital form, such as data
received {rom u missile in flight, at a speed equal
to the rate received. The company received con-
tracts for this device from the Naval Ordnauce
Test Station, the Air Force Missiles Development
Center at Holloman Air Force * ise in New Mexico,
and from the Army Ballistic Missile Agency at
Redstone Arsenal in Alabama as well as Cal Tech
and Stanford to translate Explorer radio signals to
digital form for evaluation. The Multiverter also
found commercial uses, notably in high speed data
processing  systems for petroleum, chemical and
petro-chemical plants.

Another development of the Tcechnical Products
Division was the Missile Impact Prediction System,
which was installed at Vandenberg Air Force Base
in California as part of the Pacific Missile Range.
The unit will “lock on’”’ and track the missile auto-
matically as it is being fired.

Other developments from the Division’s rescarch
and development group included the CNI test set
and the ATC Transponder test sct; an Airborne
Tape Recorder-Reproducer for ITT; 2111(1_?-1 “fog
sensor” for air pressurization and air conditioning
systems on commercial airliners.

Durock, a flexible ceramic insulation capable of
withstanding intense temperatures up to ?000 de-
grees Fahrenheit under continuous o.per;mon, was
also developed by Technical Industries.

REEVES INSTRUMENT CORPORATION

The year 1959, the thirteenth since the incorpora-
tion of Reeves Instrument Corporation, was marked
by intensive activity in the fields of missile guidance
and ground support equipment.

Reeves designed and produced an inertial refer-
ence package (IRP) for Lockheed Aircraft Corpora-
tion wused in the current Discoverer satellite
program. The package comprised three single axis
floated gyros, two floated accelerometers, and four-
teen individually encapsulated, fully transistorized
amplifier modules. The units are mounted to a mag-
nesium casting of twelve inch diameter, and the
entire assembly weighs less than forty pounds. The
IRP is used for guiding the missile during its ascent
l_)hase, and for maintaining proper attitude and tra-
jectory while in orbit.

For Philco Corporation, Reeves designed and pro-
duced a high precision three axis pedestal which is
used as a mount for the tracking radar for the Dis-
coverer program. Complete servo instrumentation
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is supplied with the pedestal, which stands eleven

feet high, and has a base diameter ol seven feet.

During 1959, Reeves delivered, under various
Navy contracts, a considerable number of Inducto-
syn repeater systems to the Sperry Gyroscope Com-
pany for the Polaris program. Eml’l‘?yed_ as an
integral part of the Ships’ Inertial Nawgatmn Sys-
tem (SINS), the system makes possible the trans-
mission of extremely low-level [nductosyn outputs
to remote stations of the navigation c.ompu.terS.

Reeves was also working on a multi-million d.ol—
lar contract for the production of depot test equip-
ment for the Rome Air Materiel Area, Gl'lfﬁ.SS Air
Force Base. The equipment will be used in the
depot test of systems and components employed in
the MSG-1 and 1A close support and guidance
radars which Reeves designed and manufactured for
the Air Force.

A continuing program of research and develop-
ment on improved design and production tech-



niques for single axis floated integrating gyros led
to further improvements in performance charac-
teristics.

A high precision gyro test table was developed
during 1959 to meet production test requirements.
‘The table, being marketed as a commercial item,
has a position accuracy of two seconds of arc. Avail-
able with all necessary servo electronics, the table
is driven by a direct drive torquer motor to elimi-
nate gearing errors. An improved version of the

standard gvro test set, consisting of a complete elec-

tronics console and table, was also placed into pro-
duction in 1959.

A complete line of fully transistorized miniature
computer amplifier modules were first placed on the
market in 1959. An outgrowth of a mid-course com-
puter system developed for the Regulus program,
the modules are completely encapsulated, and oc-
cupy a total volume of four cubic inches.

Reeves systems and components were used in a
number of current missile programs. including
Atlas, Titan, Polaris, Regulus, Matador, Discoverer,
Thor-Able, Bomarc, Terrier, and others.

REYNOLDS METALS COMPANY

During 1959 Reynolds Metals Company began
production of sections for the modified Redstone
boosters to be used in the Mercury project. The
firm continued its {abrication of ballistic shells and
fuel tanks for the Redstone and Jupiter-C rockets
and Jupiter-C spin launchers at its Missile Plant
at Shefheld, Alabama.

Also at its missile plant, Reynolds designed and
built a unique gantry welder which saves time and
provides flexibility in missile production. The
unit, virtually automatic, is used for metal inert-gas
girth welding by combining the stability of a fixed
unit with the flexibilty of a movable unit.

A new type aluminum welding back-up bar,
which reduces the costs of metal inert gas-arc weld-
ing, was developed by Reynolds and was expected

to find wide application in the precision welding
field. The bar, with a stainless steel insert, cuts in
half the average cost of repairing the all-stainless
back-up bars previously used.

In July, Reynolds unveiled what is believed to
be the country’s first all-aluminum airplane hangar
at Richmond, Virginia. Aluminum V-beam roofing,
which reduces the number of trusses and supporting
perlins, was combined with 140-foot clear span bow-
string aluminum trusses in an arch-type roof to pro-
vide lightweight, maintenance-free construction
unavailable untl now.

Reynolds Metals Company continued during the
year as the leading supplier of aluminum powders
to producers of solid fuels for wvarious rocket

programs.

ROHR AIRCRAFT CORPORATION

Rohr’s product mix during 1959 continued to
show increasing emphasis on commercial as well as
military business.

Within the year commercial contracts rose to
64 percent of net sales. These included jet power
pods, horizontal stabilizers and elevators, sound
suppressors and thrust reversers and a 43-foot sec-
tion of the fuselage for all versions of the Boeing
707. Similiarly jet pods were being manufactured
for the Convair 880 and propjet pods and other
major components for the Lockheed Electra. Rohr
also contracted to produce jet pods and thrust
reversers of its own design for the Lockheed JetStar.

In military categories, in addition to continuing
production of jet pods and metal bonded panels
for the B-H2G, and jet pods for the KC-135 tanker,
Rohr was planning for manufacture of power units
for the new B-52H. Propjet pods for the C-130B,

power packages for the P2V, and brazed steel honey-
comb structural panels for the Convair B-58 and
the McDonnell F4H continued in production. New
military orders included engine pod assemblies and
other components for the P3V Navy version of the
Electra and wing components for the North Ameri-
can B-70, Mach 3 bomber.

Additional emphasis was laid during the vear on
the company’s engineering and manufacturing de-
velopment services. During 1959 Rohr developed
and tested a prototype thrust reverser for the North
American F-100F. In the field of nuclear energy,
the company manufactured a series of reactor tubes
for one of the Atomic Energy Commission’s gener-
ating plants, and was also selected by the Army to
process and rehabilitate artillery gun barrels in an
experimental project successfully carried out for
Watervliet Arsenal.
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ture. The traveling furnace went into production
in October, 1959, brazing long wing components
for the B-70 bomber.

In June, Solar announced the development of a
new missile with a peaceful mission—the Firefly.
The Firefly is a guided missile fire fighter that is
launched like a rocket and hovers like a helicopter.
Installed near an area such as an airport, its rocket
motor can fire it to anvwhere within five miles in
10 seconds. It is fired and guided by push buttons
to an air crash or other site of potential fire. When
it reaches the scene, the unmanned craft turns into
a helicopter and hovers over the area. Then the
remote operator can flip a switch releasing more
than a ton of extinguishing liquid. The TFirefly’s
body, exclusive of rotors and dispensing nozzle, is
about 16 feet long and its wingspan is the same
distance. Tt weighs about 5,000 pounds, including
its pavioad of extinguishing fluid.

Probably the world’s smallest aircraft propulsion

engine, the Solar Titan gas turbine was installed in
a one-man helicopter and passed initial flight tests
in September, 1959. The tiny turbine, developed
by Solar, is 21 inches long, 1214 inches in diameter,
and weighs only 52 pounds. It is rated at 55 horse-
power at sea level, and is capable of developing up
to 80 horsepower. The versatile gas turbine engine
i1s also being developed as a generator drive for
missile support units and auxiliary power units for
aircraft.

During 1959 one of Solar’s larger gas turbines
helped start two of the nation’s newest commercial
jet aircraft on their maiden flights. Ground support
units powered by Solar Jupiter 500 horsepower
gas turbine engines, were used to support the
Douglas DC-8 and Convair 880 on their test flights.

In addition to missile and gas turbine operations
during 1959, the company began development of
ducting systems for the B-70 bomber, under contract
with North American Aviation, Inc.

SPERRY GYROSCOPE COMPANY

IL.ooking forward to its Golden Anniversary in
1960, Sperry highlighted its 49th consccutive year
in the vanguard of navigation technology with
major strides in aerospace system development and
production. Although many truly significant achieve-
ments, particularly those in the rescarch and devel-
opment stage, were classified, systems for the B-58,
X-15, B-70, and other inertial activity, plus the
Sergeant program were among those that moved
into greater prominence.

As carly as 1950, less than a year after “inertial
guidance” was accepted as feasible, Sperry under-
took the difficult technical challenge of developing
an extremely accurate, highly reliable, long-term
operating, airborne system. During 1958, the first
production model B-58 supersonic bomber was
turned over to the Air Force. Hustler now carries
the most studied, analyzed, tested, evaluated and
“understood” inertial guidance system in being.
More than 25 million man-hours were employed
to develop and produce the system culminating
in production of such systems for the B-58 and for
the X-15.

One of the nation’s most ambitious research
projects, the X-15 manned rocket program moved
closer to completion with delivery of Sperry’s iner-
tial system. The equipment will enable the X-15
pilot to control the craft as it rockets to the fringe
of space, re-enters the earth’s atmosphere and lands.
Flight instruments developed by Sperry for the

project include inertial altimeters, inertial velocity
and vertical rate indicators. The system also will
feed data to airborne and ground-based recorders
for permanent charting of each flight.

Bomb-nav systems and ground support equip-
ment for the first Strategic Air Command wing of
86 Hustler B-58 supersonic bombers were being
produced by Sperry. Weapon system manager
Convair reported that long-lead time items, includ-
ing bomb-nav systems, for the second wing also had
been authorized. Navigation accuracy in excess of
specification requirements were achieved on flights
of more than 1,000 miles.

During the vear, Sperry received a go-ahead to
design and manufacture a gyro platform for the
B-70. Under contract to North American Aviation,
Inc., Sperry was developing a lightweight Twin
Gyro platform, differing in major respects from
the conventional two and three-gyro platforms cur-
rently in use. Rugged new Sperry Rotorace M0
gyros, themselves a notable advance in gyro art,
will be employed in the system to achieve the
accuracy required for B-70 missions while main-
taining the bomber’s readiness for rapid alert.

The JUNO shoot, which placed the first U. S.
satellite in orbit around the sun, and the equally
impressive accomplishment of veturning monkevs
alive from space, pointed out the advanced devel-
opment of inertial guidance systems. These particu-
lar systems were produced jointly by Sperry Rand
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sister divisions, Sperry Gyroscope Company and
Ford Instrument Company.

In the more conventional areas of civil and mili-
tary aircraft navigation, Sperry had several innova-
tions during 1959. These included a “‘master navi-
gation system,” the AN/APN-118, designed to meet
the mission requirements of all types of Army air-
craft for at least the next 10 years. Developed in
conjunction with the Army Signal Research and
Development Laboratories, system key components
include an especially developed, lightweight, Dop-
pler radar, radar altimeter, the most accurate
Gryosyn® compass known, and an automatic navi-
gation computer which “remembers” entire flights
and solves complex navigational programs. Com-
ponents of the system can be assembled in different
combinations to mect varying mission requirements.

Also introduced was a unique “push-button”
automatic pilot for the nation’s upcoming fleet of
utility jets. Adopted initially for the Lockheed
JetStar, the system provides hands-off jet control at
a total weight about one-half that of conventional
automatic pilots. The SP-40 system provides exact-
ing control during cruise and couples the aircraft
to radio beams for automatic navigation and land-
ing approaches. Where ground radio facilities do
not exist, the system accepts Doppler radar signals
which enable it to follow automatically any track
across ground.

Aviation’s first universal flight control system
was developed by Sperry. The system will auto-
matically control any type of Army aircraft—heli-
copters, fixed-wing planes, or pilotless drones. Un-
like traditional flight control systems, which have
been custom-engineered, or modified, for each type
of installation, the Universal Automatic Pilot pro-
vides a set of electronic “building blocks” which
can be installed in varying combinations to achieve
any desired degree of flight automation. The sys-
tem, developed by Army and the Sperry Phoenix
Company, was to be flight-tested initially in H-21,
H-34 and H-37 helicopters, 1.-23, YAC-1 and
YAO-1 fixed-wing craft.

Sperry also introduced a low-cost light aircraft
automatic pilot for civil aviation. The system,
developed by Sperry Phoenix Company, weighs
27 pounds, including flight instruments. Designed
so that a complete flight control system can be
installed a step at a time, the Automatic Pilot lends
itself to any light plane—from small single-engine
aircraft to the larger twin-engine types widely used
in commerce and industry.

An automatic flight control system expressly
designed for jet airliners—the Sperry SP-30-made
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inaugural flights during 1959 as both United Air
Lines and Delta Air Lines began regular service
with the new Douglas DC-8. The system also has
been adopted by Convair for its 880 and 600 series
of jetliners. It provides hands-off control of jet-
liners at a relatively slow 100-miles per hour
through nearsonic speeds and in combination with
Sperry's Integrated Instrum: t System gives pilots
a pictorial display of navigat...n information as well
as “how to {ly” instruction of mancuvering and
landing. .

In the arcas of drone control and guidance,
Sperry’s SEE (Sperry Echo Enhancer) system was
adopted widely during 1959. Designed for use with
surveillance, air-intercept or tracking radars, the
system makes miniature target drones lf)ok like
giant intercontinental bombers during simulated
air attack tests. SEE also could be used by ground
controllers to locate and identify aircraft with
greater certainty at greater distances. .

Under a joint Lockheed/Sperry Phoen:x pro-
gram, B-47 jet bombers—designated QB-17s—have
been converted to pilotless drones..The Sperry
guidance and control system utilizes 111g}1.—frcque1.1cy
radio signals from a portable ground station (.lurmg
takecoffs and landings and from a DT%‘S dlreetor
aircraft during flight to command specialized flight
controls. ] o

Sperry also continued to deliver 51m1}ar drone
control and guidance systems for USAT’s fleet of
QF-80 pilotless jets and has designed and developefi
specialized equipment for remote control of Army’s
SD-2 surveillance drone. )

Production of APN-59 radar equipment, used
in USAF’s C-130B, C-183B and KC-185A, co.ntinued
at Sperry. The system, which was modified to
obtain the first radar pictures from the edge of
space during balloon tests, is used for search and
surveillance, storm detection
navigation procedures. .

Sperry’s production of electromagnetic counter-

measures for USAF’s B-52s was one of the com-
ing defense proj-

and other all-weather

pany’s most important and press
ects. Under an avionics system

signed by the Air TForce, Sperry mars.halled the
merican industry to

managership as-

forces of a large segment of A

create an ECM system that renders the B-52 inval-
enemy action. Designed

nerable to many forms of _
adars and to deceive

to jam and confuse encmy T ‘
1niésiles, the AN/ALQ-27 system 15 reported to be
the most comprehensive ever developed. ’

In the area of guided missiles, Sperry's I)I‘({(II.IC-
tion of radars for Navy’s Terrier and Talos missile
systems continued in high gear. During the year,






Gyrolube ™0 Flotation Fluid, which will permit
all-latitude, all-weather storage and operation of
floated gyroscopes, marked a technological break-
tvhrough disclosed during the year by USAF and
SPG{ry- The new gyro flotation material, which
ret‘ams fluidity to less than —65° F without arti-
ﬁ.Clal heat, is of importance to operation of iner-
tally guided bombers, missiles and submarines.

Several technical breakthroughs were disclosed
by Sperry’s Electronic Tube Division. These in-
ClL.Ided development of the most powerful trans-
mitter klystron ever built for high-frequency target
tracking radars in missile defense systems. Devel-
OPe(I for the Army Signal Corps, the new klystron
fv111 enable greater accuracy, speed, and certainty
intracking of small, fast-moving targets at much
longer ranges than heretofore achijeved.

Among other achievements in the division’s
laboratories was a new wide-band radar amplifier
tube which produces more than 20 kilowatts of

power at frequencies up to 40 billion cycles per
second.

At Sperry Microwave Electronics Company,
strides in applying new principles of “solid-state”
physics to microwave circuitry yielded devices for
morce  precise  control of extremely high radar
power. Recently developed ferromagnetic materials
have fostered a completely new approach to micro-
wave circuit elements and eliminated several
mechanical problems of co entional microwave
devices. The new line of devices include extremely
fast microwave switches without moving parts, low
noise amplifiers, modulators, attenuators, mixers,
and isolators which enable important improve-
ments in the technical capabilities of advanced
radar systems.

Introduced by Sperry’s Semiconductor Division
were three new series of super-quality diodes and
transistors designed to withstand rocket vibration,
severe shock, and high temperature. Sperry also
introduced the first series of silicon PNP military
type transistors for switching and servomechanism
circuits in missile and airborne equipment operat-
ing in extreme environments.

SUNDSTRAND CORPORATION

At the Annual Stockholders’ Meeting held on
April 28, Sundstrand’s corporate name was for-
mally changed from Sundstrand Machine Tool
Company to Sundstrand Corporation. While the
Machine Tool Division of the Company continued
to expand, the corporate name failed to reflect the
rapid growth of non-machine tool operations.

Sundstrand’s growth in the Aviation and Depart-
ment of Defense products area has been evidenced
in recent years by the development of Sundstrand-
Denver, and the acquisition of Sundstrand-Turbo,
Pacoima, California. Following the corporate name
change, sales efforts of these divisions were com-
bined with Sundstrand Aviation, Rockford to form
the Aviation and Defense Products Group. This
consolidation assured maximum utilization of com-
bined capabilities to better serve the aviation and
defense markets.

In line with the new sales and marketing ap-
proach, Sundstrand in August opened a district
office in Dayton, Ohio to serve AMD and WADD.

SUNDSTRAND AVIATION
Development of secondary power systems and
components at Sundstrand Aviation reached a new
peak during 1959 with the naming of the division
as Secondary Power Subsystems Manager for both
the B-70 and F-108,
Delivery of constant speed drive systems for com-
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mercial applications continued throughout the year
with increased production for both the Boeing 707
and Douglas DC-8.

In 1959, Sundstrand developed a combination
cartridge-pneumatic jet engine starter. The new
starter weighs less than 55 pounds and provides
safe, dependable, three-way starting: solid propel-
lant cartridge starts; cross bleed air starts; and low
pressure ground cart compressed air starts. Aero-
dynamic braking in all three starting modes pro-
vides inherent self-limiting to prevent overspeeding
without requiring valves, scrvos, or other mecha-
nisms. The unit is designed for use on either single
or multi-engine aircraft. A further design advan-
tage is a moveable breech, which allows the starter
to be easily adapted to most airplanes.

Continuing its extensive research in high tem-
perature accessory power systems and components,
Sundstrand - Aviation announced the successful
development of a secondary power system capable
of 600 F operation, A major portion of this pro-
gram involved comprehensive evaluation and com-
plete environmental testing of all mechanical,
hydraulic and electrical components.

During the year, Sundstrand also announced the
devclopment of SUNDYNE pumps—a new design
for fluid transfer. With initial application for
water injection on turbofan models of the Boeing



707 jetliners, Sundyne pumps offer numerous ad-
vantages. They have high reliability and long life
resulting from a negligible temperature rise during
dry operation. Sundyne pumps are rated up to
90 gpm and are built to operate for 1500 hours
bhetween overhaul.

A further growth of Sundstrand constant speed
drive activity was the design and development of
a 120 KVA drive. The new drive represents a sig-
nificant increase in secondary power capability for
the increasing demands of new aircraft.

The Investment Castings facility continued to
grow during the year with large scale expansion
of both plant and equipment.

SUNDSTRAND TURBO

Sundstrand Turbo activities at both Pacoima,
California and Denver, Colorado continued in
advanced rescarch for internal power on missiles
and space vehicles during 1959. Three major state
of the art projects in progress during the year were
chemical open and closed cycle turbine power sys-
tems, solar regencrative fuel cells and quick re-
sponsc flight altitude control system.

The solar regenerative fuel cell was being devel-
oped for a closed cycle fuel cell system capable of
being regencrated by solar energy. Operating life
of the cell will be one vear of continuous operation
under environmental conditions encountered by
space and orbital vehicles.

Another program started during the vear involved
the development of an orbital vehicle, high per-
formance, open cvcle, chemically powered turbine
APU. In this system, power is derived from hydra-
zine through a pressure-staged turbine. The duty
cycle of the unit will be 4.5 hours with a reliability
objective of 1500 hours mean time to failure.

A program for development of a new hot gas
reaction valve for application in flight attitude
control requirements was also begun during 1959.
Operating on hvdrazine, the system has a response
time from electrical signal to full thrust of 10 milli-
seconds. The system has three nozzles to control
vaw, pitch and roll. The combustion chamber can
be blocked for extensive periods of time without
flaming out. The valve can be pulsed from a rate
of one cvycle per hour to a maximum of 30 cvcles
per second.

THOMPSON RAMO WOOLDRIDGE INCORPORATED

During its first full year as a corporate entity
resulting {rom the merger of Thompson Products,
Incorporated, and Ramo-Wooldridge Corporation
in October, 1958, Thompson Ramo Wooldridge
Incorporated made significant progress in new air-
craft and missile projects as well as in the develop-
ment of clectronic systems for both military and
commercial applications.

To handle expanding programs in these newer
fields, the company added substantially to its facili-
ties during the year. The role of the company’s
Tapco Group, within which the long-established
aircraft product lines are operated, underwent a
major transition from components maker to pro-
ducer of highly engineered sub systems for advanced
aircraft, missile and space vehicle applications.

While continuing as a leading producer of turbo-
jet engine assemblies and aircraft fuel system com-
ponents for the greatly reduced but still substantial
aircraft market, Tapco moved forward with con-
tracts to develop accessory-drive, hydraulic and
liquid-cooling systems and high performance booster
pumps for the B-70. Among other important new
contracts was one to produce a Tapco designed
and (leveloped auxiliary power supply of advanced
configuration for an important defensive missile,

and another that calls for the development of a
miniaturized auxiliary power supply for an undis-
closed application.

A contract that presented an especially severe
engineering challenge was one to develop a high
pressure gear pump for an advanced turbojet en-
gine in which fuel and environmental temperatures
will be so high that conventional sealing materials
and light metals cannot be used. It must be essen-
tially an all-steel pump.

At the same time, Tapco made progress during
the year in microwave components and the develop-
ment and production of airborne telemetry equip-
ment on an extremely tight timetable.

Tapco continued its work in highly specialized
tubular structures for aircraft and missile applica-
tions, and to consolidate and prepare for expected
growth in this area, began construction of a two-
million-dollar plant in Anaheim, California, in
which operations in smaller plants in Bell and Long
Beach were to be combined. Additional facilities
for high temperature metallurgical research and
development were provided in Cleveland and a new
high speed, large capacity digital computer system
was added to the New Devices Computer Labora-
tory. Expected to greatly aid the Group’s work in
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missile fuels and fuel systems was the acquisition
during the year of Magna Products, Inc. of Santa
Fe Springs, California, which has study contracts on
solid propellants.

Activities of the Ramo-Wooldridge Division,
which occupied new $l4-million laboratories in
Canoga Park, California, in November, were organ-
ized into two areas of major concentration. Research
and development activities of the Systems Tech-
nology Division included communications systems,
counter-countermeasures systems, infrared systemns,
penetration systems, reconnaissance systems, antenna
research and design. Data processing and process
control programs were also a part of a new organi-
zation: Intellectronics Laboratories. Areas of in-
terest included electronic computers, data process-
Ing, automatic process control and other applica-
tions of electronics in the extending of human
intelligence.

In its Intellectronics Laboratories, R-W Division
assembled a combination of talents comprising
physical scientists, electronics engineers, systems

engineers, and social scientists and psychologists
who together will be able to break down major
intellectual tasks into properly compatible, separate
efforts appropriate to the human intellect and the
electronic machine.

Work underway in the Intellectronics Labora-
tories included novel approaches to automatic
translation of languages, th design of electronic
information processing svsteius to aid the military,
design and production of complete installations
for process control in industry, and ncw intellec-
tronics systems for air line navigation and traffic
control. R-W’s combined commercial and military
research and development business in Intellec-
tronics was running at a rate of approximately
$25 million annually.

Pacific Semiconductor, Inc., a subsidiary, con-
tinued to show a record rate of growth during the
year, and with further expansion of facilities to
meet customer requirements being completed and
scheduled for early construction, growth was ex-
pected to continue.

VICKERS INCORPORATED

In 1959 Vickers research and development work
covered a wide range of projects for various com-
mercial and military aircraft and space vehicles.
These projects included extensive studies of fluid
mediums such as hot gases and exotic fuels. High-
temperature and high-speed studies resulted in
several product improvements and new products
which are important contributions to the science
of space exploration. Auxiliary power systems were
designed and built to meet the space, weight and
performance characteristics of various missiles and
rockets.

Early in 1959 Vickers announced a new series
of miniaturized motorpump packages for missile
applications. The first models of the vane-pump
electric motor combination were used for low pres-
sure circulation of coolant-oil around the high out-
put tubes of missile electronic gear. Other applica-
tions for this motorpump include missile skin
Tooling, electronic chassis cooling, fuel and lubricat-
ng pumps, small radar and computer drives and
remote power supply,

A (_30 kva differential type constant speed drive
for aireraftc alternators was devcloped and manu-
f;u'lur(r(.]. This drive maintains close output speed
regulation while accepting input speeds varying
from 3800 to 7000 vpm. Tt maintains steady state
speed plus or minus 0.25 percent over 200° F tem-
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perature range, plus or minus 0.5 percent for 400° F
temperature range and 0.5 second maximum full
load transient recovery time.

Designed for both aircraft and missile applica-
tions the Vickers Servo Valve, handles 3.5 to 5 gpm
at 3000 psi. Tt weighs only 8.5 ounces.

Several self-contained auxiliary power units for
opcrational missiles were in production. These self-
contained packages have a wide variety of uses and
are tailored to meet one or more missile require-
ments such as guidance, communications, environ-
ment control, pumping fuel, controlling fuel rates,
etc.

Since missiles and space vehicles vary widely in
their application and in their auxiliary power
requirements, no single source is appliCable to all
of them.

Vickers auxiliary power units in production
included proven power s arces such as hot gas
systems, battery systems, turbine systems, etc., and
unusual power sources were being investigated.
These include sun power, nuclear encrgy and
ionic cnergy.

One of the newest additions to the Vickers line
of aircraft products was a new series of fixed dis-
placement vane-type fuel pumps for jet engines.
These new pumps provide significant weight sav-
ings up to 10 to 25 percent.



























While the Army made a creditable start in pro-
viding itsell with a missile atomic delivery capabil-
iy, it was not completely satisfied with its family of
three operational systems in troop use. These were
the Honest John, with a range of some 141 miles, the
Corporal with a 75 mile range, and the 200-mile
Redstone.

Ideally, because obsolescence occurs faster in
missiles than any other type ol weapon, a three
phase program is essential—a svstem in hands of
troops, one under development, and another in carly
planning stage. Thus, the heavy, short-range Honest
John was to be replaced with the Sergeant, a solid-
Tueled weapon easier to handle and maintain. The
Lacrosse was to provide pin-point accuracy neces-
sary for small-yield delivery close-in to friendly
troops. The new Pershing, in development, was
scheduled to replace the Redstone and provide the
Army field commander with a missile of significant
range capability and a relatively lightweight weapon
that can be casily supported logistically.

Stress was being placed on Short-Take-Off-and-
Landing (STOL) or Vertical-Take-Off-and-Landing
(VTOL) capabilities for fixed-wing aircraft. Several
types developed by commercial firms were in the
flicht test stage. Advantages of VTOL aircraft in-
clude ability to pick up and deliver men or cargo
without regard to landing strips, to hover, to take
advantage ol terrain cover.

The helicopter is a VTOL craft, but 1its speed and
weight limitations made research into VTOL fixed-
wing types mandatory. Some of the new aircraft
being developed for the Army included: “Iroquots,”
a turbine-powcred utility helicopter capable of
transporting small tactical weapons and equipment;
“Chinook,” a medium transport helicopter; “Mo-
hawk,” a fixed-wing aircraft that flies low and fast
carrying necessary surveillance cquipment for swift
ground obscrvation; “Caribou,” in test status at
year-end was the Army’s newest and largest trans-
port, capable ol carrying 32 passengers or 22
litters or three tons of cargo. It needs only 1020
feet of runway. Tts predecessors, the “Otter” and
“Beaver” have been used successfully and are being
flown in 58 countries.

Army Aviation was utilizing some fixed-wing air-
cralt, including the 1-19, to proved aerial recon-
naissance, target acquisition, fire adjustment capa-
bilities. The 1.-19 carries a pilot and obscrver at 85
knots with a four-and-a-hall hour fucl supply. There
were also in service the 1.-20 utility and UT-A Tight
cargo fixed wing aircraft utilized for personnel and
resupply missions, wire laying, and cvacuation of
casualties,

NAVY

The vear was characterized by refinements in the
organization of the operating forces and by adjust-
ments in administrative structure to meet the chang-
ing requirements resulting from technical and scien-
tific advances.

Offices and bureaus, particularly those concerned
with research and development, were under exten-
sive reorganization. Many of the changes were a
direct outgrowth of the recommendations of the
Committee on Reorganization (Franke Committee)
whose report was approved with minor modification
by the Secretary of the Navy on May 15.

Changes most directly affecting the aeronautical
organization included abolishment of the Office of
Assistant Secretary of the Navy for Air and establish-
ment of an Assistant for Research and Development,
merger of the Bureaus of Aeronautics and Ordnance
into a Bureau of Naval Weapons, and formation of
a new Office of Deputy Chief of Naval Operations
for Development.

Transfer of certain divisions from the Office of
DCNO (Air) followed the general pattern of consoli-
dating research and .development functions into
one central office and of returning the Office of
DCNO (Air) to its original responsibilities for
plans, programs, requirements and training. Re-
sponsibilities for planning and directing the Navv
space program were assigned to an Astronautics Di-
vision, established within this Office in July.

The possibilities for extending the effectiveness of
naval operations through utilization of specialized
cquipments stationed or orbiting in space were
under carveful study. Many exacting requirements
in such arcas as intelligence, surveillance, meteor-
ology, communications, and geodetic survey, ap-
peared capable of resolution through the develop-
ment of specialized space vehicles. Operational ve-
quirements [or some of these were formulated and
presented to the Advanced Research Projects Agency
(ARPA) for research and development. The navi-
gation satellite, Project Transit, was under develop-
ment and on September 17 its prototype  was
launched by a Thor-Able rocket from Cape Canav-
eral. Failure of the third stage to ignite, however,
foiled the attempted orbit. A sccond shot was
scheduled.

Clarification of the roles of the respective services
in Space by the Department of Defense in Septem-
ber assigned specific responsibilities to the Navy for
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to attack heavily defended targets from long range,
was first fired 1 oair by an AJD in July. Tartar,
with which missile destrovers will be equipped, com-
pleted several successful firings in which its ability
to home on aircraft at extremely low altitudes was
demonstrated. Developed of advanced versions of
the Terrier and Sidewinder, of the antisubmarine
missile Subroc and the air-to-air Eagle also con-
tinued.

Tests of the ballistic missile Polaris continued
throughout the year and were marked by steady
progress.  In August, a significant milestone was
passed when the missile was fired into the Atlantic
Missile Range from the USS Observation Island at

sea, seven miles oft Cape Canaveral. TIts satisfactory

cjection from equipment similar to that which will
be used aboard ballistic missile submarines, and
its performance on a limited flight of 700 miles,
were promising indications of its early availability
for operational use.

New operational aircraft included the F8U-2
Crusader with improved power plant and fire con-
trol over its predecessor, and the TZ2] Buckeye jet
trainer, delivered to the Basic Training Command
in July. Development of lighter-than-air craflt was
muarked by delivery of the first ZPG-3W at Lake-
hurst on June 19. These airships were specially de-
signed and heavily instrumented for early warning
patrol, and are the largest non-rigids ever built.
Carrier aircraft under development included the
F4H-1 Phantom II, which exceeded Mach 2.2 and
roomed to over 80,000 feet with its normal arma-
ment of four Sparrow III missiles; the high speed,
long range, bigh altitude A3] Vigilante attack plane,
the A2F low altitude attack specialist, and the
WE-2 and WZ2F carly warning planes. Both the
FAH and WF-2 were scheduled for fleet use in fiscal
1960.

There was continued emphasis on antisubmarine
warfare. The program begun last year with the
establishment of specialized task groups to develop
tactics, doctrine, and cquipments, and to train air,
surface and sub-surface units in coordinated attack,
was continued in full force. Almost constant anti-
submarine exercises, ranging {rom those staged by
single units to the full scale flcet problem, were held
in both oceans. This emphasis carried over into
antisubmarine units of the Selected Air Reserve. In
February, 55 air crews [rom Reserve units, with
theiv P2V and S2F aircraft, took part in a sub-
marine defense exercise with elements of the Pacific
Fleet and the Canadian Navy.

Six carriers, four of which were inactive and one
of which had been modernized in recent years, were

reclassified to assume tasks for which they were
better fitted, and two attack carriers of high capa-
bility were assigned in their place. All carriers as-
signed to antisubmarine warfare were of the angled
deck type. Improved models of the HSS helicopter
and the S2F twin engine aircraft used from these
carriers made first flights during the year. Both
embody significant advances in performance and
in the quality of their electronics gear. A land-
plane under development, the P35V version of the
cominercial transport Electra, made its first flight in
new configuration. The modernization of opera-
tional ASW patrol planes begun last year with
P2V, was extended into this year as contracts were
let to install more modern and efficient detection
and destruction systems in P5M seaplanes.

The amphibious assault ship (LPH) came into
being as a new class of ship. The carrier Boxer
was the first to be reclassified to this mission. Two
others, the CVS Princeton and CVHA Thetis Bay
were similarly reclassified, and the keel for an en-
tirely new ship of the class, to be named Iwo Jima.
was laid in April. The LPH resembles an aircraft
carrier in outward appearance, but there the similar-
ity ends. The flight deck provides a platform for
helicopter operations and below deck spaces house
vegularly assigned Marine assault troops and their
combat equipment. For this mission, ships like the
Boxer carry 10 helicopters and 1800 troops.

The first amphibious squadron built around these
ships came into being in November, 1958, when the
first Marine Aviation Detachment Afloat was organ-
ized aboard the Boxer. This squadron, which also
includes four Thomaston Class LSDs equipped with
helicopter platforms, operates under the Atlantic
Amphibious Force.
subscquently activated in the Pacific. These pro-
vide the fleet with highly mobile units, able to land
troops over shore defenses in helicopters, and send

Similar organizations were

in formidable over-the-beach support, including
tanks and artillery, without regard for beach gradi-
ents and terrain.

Not the least of the year’s accomplishment was
the continued reduction of the major accident rate
and its concomitant saving in lives and costly equip-
ment. For the year ending June 30, the major
accident rate of 2.57 per 10,000 flight hours was
achieved, the safest year in naval aviation history.
When the Annual Safety Awards were made in
September, the announcement carried the significant
report that in addition o the 85 units receiving the
Award, 377 air units of all types, including the
Naval Air Reserve, had posted accident-tree records
for the entire year.
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the development of the Mace surface-to-surface mis-
sile. Mace is a much improved version of the older
Matador and has a more accurate guidance system.
The Air Force also completed the test phase of the
Snark intercontinental missile and equipped an
operational unit at Presque Isle, Maine, with the
subsonic air-breathing missile.

In the general area of aircraft systems, develop-
ment of the Republic F-105 was completed in 1959
and the first units of the Tactical Air Command
were equipped with this Mach 2 airplane.

The test phase of the program to develop the
world’s first supersonic bomber, the Convair B-58,
continued during the year. The B-58 has a speed of
more than 1,350 miles per hour. Development and
testing of the bomber was very successful and opera-
tional use was anticipated in 1960.

Another active program was the development of
the North American Aviation B-70, an interconti-
nental, high altitude, supersonic heavy bomber.
This concept aimed at the biggest step forward in
the state-of-the-art of heavy intercontinental bomb-
ers. Late in the year the program was re-oriented
to the development of two prototypes.

Several programs were quite active in giving
more punch to the Strategic Air Command’s B-52
intercontinental bombers, The Air Force began the
flight test phase of the Hound Dog, an air-
launched supersonic missile with a range of several
hundred miles. The Hound Dog will enable the
B-52 bombers to launch missiles long before they
reach heavily defended target areas. As another
way of increasing the effect of the B-52, the Air Force
was developing the Quail, an air-launched decoy
missile designed to cause confusion in the enemy’s
defenses.

The Air Force awarded a contract to Douglas for
the design study of a new type weapon system
which will mark a major advance in offensive
striking power. A ballistic missile launched from
strategic bombers, this weapon was called the GAM
87-A or Sky Bolt.

For the Tactical Air Forces the Air Force began
adapting a guided air missile developed by the Navy
called the Bullpup. Investigations were initiated to
improve performance of the Bullpup so as to meet
the specific needs of TAC.

On the Air Defense side of the research and
development  activities various tests proved the
worth of SAGE, a Semi-Automatic Ground Environ-
ment System, During the year Sage centers con-
trolled the firing of Bomarc missiles hundreds. of
miles away. They controlled simultancous opera-
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tion of Bomarcs and manned interceptors and
the centers demonstrated their capability of inter-
cepting drones.

To increase the active phase of air defense the
Air Force introduced the F-106 supersonic manned
interceptor into operational units. The F-106 is an
almost automatic aircraft. has a speed of some
1,400 miles per hour.

A highly significant milestone was passed when
the Bomarc “A”
duced into the active air defensc inventory. Testing
of the advanced Bomarc called the Bomarc “B™ was
begun in 1959. Bomarc “B’ will have a range of
some 400 miles and will use solid propellants for

the boost phase.

surface-to-air missile was intro-

A major rescarch and development problem in
defense was 4 means to counter ballistic missiles.
The Air Force made definite progress in the de-
velopment of high ])m\'ercd radars with ranges in
excess of 3,000 miles. These radars were under con-
struction as part of the BMEWS, the Ballistic Mis-
sile Early Warning System. Construction of the
first two sites continued on schedule during 1959
with anticipation of an early operational capability.

The application of nuclear propulsion to various
types of weapon systems continued to be investi-
gated during 1959. Nuclear I)ropulsion for aircraft
followed the previous lines of development of a
reactor for a high-powered direct air cycle propul-
sion system with research on indirect cycle reactors
as a secondary effort. In March, the Air Force
announced that Convair was the winner of the
competition for the design of an experimental pro-
totype.

The use of nuclear power for space systems received
wide publicity when the SNAP was demonstrated to
the President. Significant advances were also made
in the development of the Project Pluto, a nuclear
powered ramjet. Project Rover, a nuclear powered
rocket, was transferred to the National Acronautics
and Space Administration in 1959

Research and development in su[)l?(’” of space
systems received major emphasis durmg ‘tbc year.
A major portion of 1959 Air Force activities were
in support of either the National Aeronautics and
Space Administration or the Advanced Research
Project Agency. However, on November 17, major
ARPA projects were transferred to the jurisdiction
of the Air Force. These included the Discoverer,
the Samos and the Midas. In addition the Air Force
was given the responsibility for the development,
integration, and launching of boosters for the mili-
tary satellite systems. This included support of the


















and scientific satellite, was launched August 7,
1959. It was called the “Paddlewheel Satellite,” be-
cause of its four paddle-shaped vanes, studded with
solar cells to charge its batteries. The 142-pound
sphere was equipped with a photocell to scan the
Earth; it contained some 15 scientific experiments.
Preliminary examination of data indicated that the
Great Radiation Belt surrounding the Earth con-
sists of many layers instead of the two bands dis-
covered by the simpler instrumentation of earlier
satellites and probes. An indistinct picture of the
Earth’s surface and cloud cover from a distance of
20,000 miles was transmitted by Explorer VI.

. . Vanguard III, scientific satellite (last of the
Vanguard series), was launched September 18. The
50-pound payload contained instruments to measure
the Earth’s magnetic field and X-ray emissions from
the Sun.

Explorer VII, a scientific Earth satellite
to measure the Earth's radiation balance, was
launched October 13, 1959. The 91.5-pound satel-
lite, went into predicted orbit, all equipment work-
ing as planned. Experiments included: radiation
balance; Lyman-Alpha X-ray; heavy primary cosmic
ray; micrometeorite density; cosmic ray; exposed
solar cell; temperature measurements.

- . . Pioneer 1, first scientific space probe, was
launched October 11, 1958. Although falling short
of its lunar objective, the probe travelled about
70,700 miles before returning to the Earth. Pioneer
I'scored a number of firsts, including first determin-
ation of the radial extent of the Great Radiation
Belt, first observation of the oscillations of the
Earth’s magnetic field and of the interplanetary
magnetic field, and first measurements of the density
of micrometeors in space.

. . . Pioneer III, scientific space probe, was
launched December 6, 1958. This probe, also aimed
at the Moon, failed in its primary objective but
travelled 63,580 miles from Earth and discovered
that the Great Radiation Belt was comprised of at
least two bands.

-« . Pioneer 1V, scientific space probe, was
launched March 3, 1959, achieved an Earth-Moon
trajectory. Passing within 37,000 miles of the
Moon, the probe went into permanent orbit around
the Sun. Pioneer 1V, which was tracked to a dis-
tance of 407,000 miles, provided NASA scientists
with an advanced tracking exercise and transmitted
excellent radiation data.

Supporting unmanned and manned space mis-
sions of the future, the National Space Vehicle
Program consists of a series of space-flight vehicles:
Scout, Centaur, Saturn, and Nova. Fach is capable
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of carrying a larger payload and of performing a
more complex mission than its predecessors. The
program was designed to get maximum capability
with minimum development work. Each vehicle
will be used in numerous tests to achieve high re-
liability, and will make use of l)rcvi()usly flight-
tested engines and vehicles.

The first of the series scout, is a fourstage,
solid-fuel booster that will cost $500,000—substanti-
ally less than other test vehicles of its size and
capability. Tt will be 75 feet long, weigh 35,000
pounds, and have sufhcient thrust to place a 150-
pound payload in a 300-mile Earth orbit or fire a
100-pound instrument pack to an altitude of 5,000
miles. Because of its simplicity in handling, Scout
can be launched from sites lacking expensive
launching facilities. Contracts for all four stages of
Scout have been let.

Centaur, to be available by 1962, will be capable
of placing 8,400 pounds into a 300-mile orbit, axlF{
provide sufficient payload—730 l)ounds—to perx.mt
the installation of adequate controls for landing
equipment on the surface of the Moon.

Saturn and Nova were in the development stage..
The Saturn project, which has been the'r.es.ponsx-
bility of the Devclopment Operations Dl\'ls'lon of
ABMA, was to be transferred to NASA, subject to
the same provisions as the overall transfer. Saturn
will consist of a cluster of eight Rocketdyne HI
engines, each with a thrust of 150,000 po.unds for a
total of 1.2 million pounds thrust. It will ha.ve. at
least three stages. Nova will consist of six 1.5-million
pound thrust Rocketdyne FI engines .fOr a totfﬂ
thrust of nine million pounds. Nova will have six
stages, both vehicles will employ liquid oxygen and
hydrocarbon as propellants.

A top priority project on the )
NASA was the X-15, a rocket-powered CXpCr.lantal
airplane designed to carry its pilot to an a!txtude of
more than 100 miles at speeds approaching 4,500
miles per hour. The X-15, a joint Air Force-N/.\SA-
Navy project, is an interesting example of air-to-
spacecraft evolution.

The rocket-plane, with North American Avia-
tion’s Scott Crossfield at the controls, complf.:ted its
first captive flight on March 10, 1959, and its first
glide flight on June 8. After attempts at power
runs on December 4 and 11 were called off when
fuel line troubles developed, the first successful
powered flight was completed on September 17.

At 8:08 a.m. Pacific Daylight Tune on that date,
the X-15 was released from beneath the wing of its
B-52 mother ship at an altitude of 37,600 feet.
Powered by a pair of interim XLR-11 engines burn-

aeronautics side of






DIRECTORATE OF DEFENSE
RESEARCH AND ENGINEERING

Early in the year, the Office of the Director of
Defense Research and Engineering was established,
and Dr. Herbert York was named head of that office.
The new position replaced that of the Assistant
Secretary of Defense (Research and Engineering),
and the office was charged with the responsibility for
supervising all research and engineering activities
in the Department of Defense.

Specifically, Dr. York and his personnel were di-
rected 1o advise and assist the Secretary of Defense
in: scientific and technical matters; basic and ap-
plied research; research, development, test and
evaluation of weapons, weapons systems and defense
materiel; and design and engineering for suitability,
producibility, reliability, maintainability, and ma-
terials conservation.

While the office did not have any projects of its
own, it worked directly with all those that were
especially critical, and was indirectly concerned with
all of them.

With the great majority of defense research work
being funded by the three services, a major part of
the job of DDRE was to insure that nothing was
overlooked and that the more important programs
would receive the emphasis they deserved.

To aid him in this job, and to provide him with
the specialized staffing he needed, the directorate re-

ADVANCED RESEARCH

In 1959, ARPA’s responsibilities continued in
three military research program areas: military
space technology, ballistic missile defense, and solid
propellant technology. In addition, a new program
for materials research was assigned.

In the field of military space technology, projects
costing $400 million were pursued during 1959.
The approximate breakdown of these projects was
as follows: Advanced surveillance and defense
alarm systems, 45 percent; Flight devc]opment of
critical space vehicle components, vehicle develop-
ment and ground support, 35 percent; Military sup-
port missions (Communications and Navigation),
15 percent; Feasibility studijes and exploratory re-
scarch, 5 percent,

Within this overall breakdown, there were several
space projects under advanced research status in
ARPA throughout 1959, The Discoverer Project
included over eight experimental launchings'for
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lied on three organizations: the Advanced Research
Projects Agency, the Weapons Systems Evaluation
Group, and the Institute of Defense Analyses. Al
though none of these thre groups was directly
under DDRE from an organizational standpoint, all
of them performed tasks which were essential to the
directorate’s job.

The activities of ARPA are discussed below.

WSEG is a group that checks out the weapons
systems, arcas of work and planning of the Joint
Chiefs of Staff and DDRE, to see how they will fit
into the future. About two-thirds of the studies
handled by WSEG are generated by the Joint Chiefs
of Staff, with the remainder coming from DDRE, or
in a few instances self-initiated within WSEG.

IDA is a group of scientists, under contract, who
provide vital technical support for both ARPA and
WSEG. IDA is a brain-trust for the Defense Depart-
ment in about the same way that Rand Corporation
is for the Air Force. )

Ranking immediately after the service secretaries,
Dr. York created six ()perzui(mul Systems Oﬂlfcis, to
be headed by Assistants to the Director. These
covered the following areas: (D Air Defense, (2)
Tactical Weapons, (3) Strategic \'\76211)0115r (4)
Communications, (5) Undersea Warflare, and (6)

Special Projects.

PROJECTS AGENCY

advanced space vehicle research. The launchings
provided information on attitude corm‘ol, capsule
cjection, recovery methods and techmques,_ ground
communications, bio-medical exPerimentﬁttlon, and
satellite  trajectory. The launch vehicle used
in this series was a Thor booster with an Agena
upper stage. The payload was a recoverable
capsule.

Project Transit, based «n the need [.of an all-
weather navigational system, involves 0rb1tm.g satey
lites equipped with radios to broadcast their posi-
tions. Moving receiving stations such as sub.marmes
and aircraft will use this satellite position informa-
tion to locate their own positions to within 4/10ths
of a mile. The first launching in this series did not
result in an orbit as the third stage of the Thor-Able
launch vehicle [ailed to ignite. Additional launch-
ings are pl;mned for 1960.

Notus, a project evolving from the need of the












While profit margins and rate of return were up,
as compared with the same period in 1958, the re-
turn rate was still about three percent below the
1.6 percent average, annual rate recommended by
Civil Aeronautics Board Examiner Ralph L. Wiser.
It was approximately one percent less than the
average industry return of 8.61 percent for the five-
vear period 1954-58,

Trunkline operating revenues for the period
totaled $1,017,766,000 as compared to $870,614,000
for the similar seven months in 1958. Net income
(before interest) was $53,900,000 in the 1959 period
and $21,612,000 in 1958. Revenue passenger miles
were 15.98 billion, compared to 14.30 billion for
the first seven months of 1958. In terms of service,
the airlines had available 25.86 billion seat miles,
compared to 24.28 in the same 1958 period.

In October of 1959, six major scheduled airlines
filed an amendment with the Civil Aeronautics
Board extending the mutual aid agreement, into
which they had entered a year earlier, for an addi-
tional year. The agreement provided for limited
financial assistance to any party to the agreement
shut down by a strike. The payments are based on
the additional revenues received by the carriers still
in operation. The purpose of the agreement was
to minimize labor conflict in the air transport in-
dustry. Tor example, during 1958 there were 15
strikes against the airlines, ranging in duration from
one-half to 108 days. Only one month of the year,
August, was free from a strike, and cven during that
month the carriers were subject to strike threats.
The unions involved were the Air Line Pilots As-
sociation, the International Association of Ma-
chinists, the Flight Engineers International As-
sociation, the Transport Workers Unjon, Air Line
Stewards "and Stewardesses Association, and the
Brotherhood of Railway Clerks. The strikes forced
cancellation or disruption of the travel plans of over
2,500,000 passengers, and cost the airlines involved
an estimated $75 million in lost revenue.

The year 1959 saw increased cooperation between
airline mail specialists and the Post Office Depart-
ment. This closer working relationship was sparked
by the Department’s recognition of the mail trans-
portation problem resulting from the rapidly chang-
ing pattern of the nation’s transportation system.
The Postmaster General pointed out that thousands
of mail-carrying passenger trains had been discon-
tinued and services (o an equal number of com-
munities completely eliminated. Thirty years ago
about 10,000 trains were used for the movement of
mail; in 1959, there were only 2,200, To help solve
the resulting publicservice problem, a new joint
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committee, composed of officials from the airlines
and [rom the Post Office Department, was set up
through the efforts of the Air Mail Committee of
the Air Transport Association. It was explained
that because of the airlines’ greater capacity,
coupled with the carnest desire of the CAB and the
Post Office Department to expedite the mail, the
users of the postal services she  'd enjoy an improve-
ment in the transportation or mail as significant
as the change that saw the steam engine replace the
pony express.

Considerable optimism was expressed by the air-
line industry during 1959 with regard to the long-
anticipated “breakthrough” in air-freight opera-
tions. In 1954, the airlines collectively hauled 214
million air-freight shipments, for a gross of ap-
proximately S1714 million. Based on the first six
months of 1959, it was estimated that at the year's
end the carriers would have carried 414 million
shipments, for an increase of more than 100 percent.
Dollarwise, this represented gain to about $97
million.

Through the cooperation of the Air Transport
Association and the National Motor Freight Traffic
Association efforts were made to better freight
services by establishing a uniformity that will make
shipping easier and more cfficient. This would in-
clude uniform rules tariff, a uniform bill of lading,
and a uniform system for traffic handling between
air and motor truck. The program foresaw a cutting
of transit time for goods shipped via air and truck
by as much as 24 hours. These joint efforts were
described as a “concerted attempt to bring to the
shipper the spced of air transport with the flexibil-
ity of intercity truck.”” Airlines serve about 600 cities
in the United States; the motor carricrs scrve 30,000,
The two industries were working on the assumption
that it is clearly to the advantage of the shipper to
take full benefit of the natural advantages of each
mode of transport when using a combined service.

The airlines and the Railway Express Agency
entered into an agreement rcprmenting a c.ompletely
new approach to the management of air express
service. The new parinership extended from a shar-
ing of revenues to the day-to-day details of schedul-
ing express shipments over the nation’s airlines. For
the first time, each of the two partics will have
equal voice in the actual carrying out of L}.le service.
It was pointed out that total gross aw express
revenuc forccast for the next five years runs to a
quarter of a billion dollars. For the first seven
months of 1959, shipments were up more than 16
percent and overall ton miles of express move-






In permitting these reduced fares to become effec-
tive, the Civil Aeronautics Board said “these fares
represent a worthwhile experiment in promotional
fares and a lower cost type of service.”

At the same time these low fares were put into
effect, Allegheny launched a campaign to rid air
travel of many of the irritating and time-consuming
steps required for a passenger to board a flight.
Ticketed passengers on the Pittsburgh-Philadelphia
flights were permitted to byv-pass congested ticket
counter areas and go directly to the departure
lounge where they are boarded as much as 25
minutes in advance of flight time. In addition to
conveniencing passengers who may wish to board
early, Alleghenv’s streamlined techniques permitted
it to accommodate last-minute passengers without
delaying the flight departure.

Passenger and cargo traffic topped all previous
records on Allegheny during 1959 as all time daily
and monthly marks were established. For the first
year since beginning passenger service in 1949,
Allegheny boarded over 14 million passengers.
Cargo traffic continued the spurt which began as the
1957-58 recession eased off. During the first nine
months of 1959, Allegheny’s flights carried more
cargo than during all of 1958.

Several Civil Acronautics Board decisions during
1959 suggested the transition of Allegheny from a
fledgling feederline to a major short-haul carrier.
In a press release decision of May 19, Allegheny was
extended into six populous cities in southern New
England and linked its entire system with this area.
The new cities at which service was expected to
begin early in the spring of 1960 are Boston, Provi-
dence, New Haven, New London, Hartford/Spring-
field, and Bridgeport. The Board in certifying
Allegheny for a major short-haul route between
Boston and Washington, also added Reading, Penn-
sylvania and Islip, Long Island to the airline’s sys-
tem.

The Examiner in the Great Lakes Local Service
Case recommended that Allegheny’s Ohio Valley
route be extended to Louisville, Kentucky.

Allegheny’s unblemished safety record continued
through 1959 as the carrier again qualified for the
National Safety Council’s “Award of Honor.” Alle-
gheny was one of four airlines to receive this top
award in both 1957 and 1958.

Airport development continued at a fast pace on
Allegheny’s system as greatly expanded and modern-
ized terminal buildings were dedicated at Wilkes-
Barre/Scranton and Harrishburg, Pennsylvania,
Several runway lengthening and tower construction
projects were also completed during 1959.

220

ALOHA AIR LINES

Highlight of the ycar in Island aviation was
Aloha Airlines” introduction of jetprop atrcraft in
inter-island service,

Following a series of Jet Age Davs on Hawail's
major islands, Aloha placed the Rolls-Rovee
powered Fairchild F-27s in scheduled service June
15, 1959.

The new aircraft, air-co litioned on the ground
as well as in the air with a high-wing configuration
permitting unobstructed acrial viewing of Hawaii's
scenic grandeur, proved an immediate success with
both tourists and local residents.

Beginning with the June introduction. each suc-
ceeding month saw all previous passenger volume
records in the airline’s history.

The airline registered a 56.5 percent increase in
passenger volume in June, 70.8 pereent m July,
67.9 percent in August and 75.1 percent in Septem-
ber.

At year-end, Aloha operated a fleet of three Fair-
child F-27s and seven Douglas DC-3s.

The airline had on order three additional jet-
prop F-27 aircraft for delivery in February, NMarch
and May 1960,

AMERICAN AIRLINES

Amerian Airlines in 1959 beame the first major
trunkline to introduce jet service across the country.

Traveling time hetween the cast and west coasts
was cut 40 percent on January 25 when American
inaugurated transcontinental jet service with daily
flights in cach direction between New York and Los
Angeles.

During 1959 American extended its jet service to
Washington, Baltimore, Chicago, Boston, Dallas
and San Francisco. Also during the year American
received authorization from the Civil Aeronautics
Board to provide nonstop service between New
York and San Francisco.

On January 28 American introduced 1its propjet
Electra Flagships in flights between New York and
Chicago. These new aircraft trimmed flying time
between Chicago and New York to around two
hours. American later during the year extended
its Llectra service (o Washington, Boston, Dallas,
Tulso, Buffalo, St. Louws and Detroit with plans
for additional service as more airplanes were
delivered.

American’s introduction of its jet service between
Los Angeles and New York with its Boeing 707
Flagships brought with it establishment of a new
official transcontinental speed record between Los
Angeles and New York of four hours and three
minutes on the initial flight.


















with DC-7 equipment was one of the company’s
service highlights of the year. Additional patronage
attracted by these flights made a significant contri-
bution to revenues and earnings for the year.

EASTERN AIR LINES

Eastern Air Lines started turbine service on Janu-
ary 12 when it began operating its new Lockheed
“Golden Falcon” Electras between New York and
Miami. By year-end it had 40 of these aircraft in
service over many major routes linking the principal
northern cities of the United States with the resort
areas of the South and Southwest, as well as with
San Juan, Puerto Rico, and Montreal, Canada.
During the first nine months of operation, over
three quarters of a million passengers had been
carried more than 600 million passenger miles
aboard these aircraft.

Expected to join Eastern's fleet of 228 aircraft of
all types in operation during the year were the
first of its fleet of Douglas DC-8 pure jets which the
company hoped to place in scheduled service early
in the winter. Sixteen of these planes were on
order. They will be equipped with the larger and
more powerful J75 Pratt & Whitney turbine engines
developing greater thrust than earlier types and
equipped with improved sound suppressors.

Other types of aircraft in use by Eastern during
the year included 29 DC-7B 68-passenger “Golden
Falcons”; 19 DC-7B 90-passenger “‘Falcon” Super
Coaches; 10 Super G Constellation 70-passenger
“Golden Falcons”; 16 88-passenger Super C Con-
stellations; 7 DC-6B 102-passenger aircoaches; 12
88—passenger Super Constellations; 18 60-passenger
Constellations; 56 Martin 404 40-passenger “Silver
Falcons™”; 20 Convair 440 44-passenger “Silver Fal-
cons”; and one Douglas C-54 Cargoliner.

The National Safety Council again awarded East-
ern Air Lines its “Award of Honor” in 1959 for
flying 552,496 aircraft hours during the previous
year without a passenger fatality or major accident.

During the summer, Fastern moved its Miami
passenger operations to the new central terminal at
that city’s International Airport, and in the fall
occupied its new $20-million passenger terminal at
the New York International Airport, Idlewild.
These terminals, together with new and enlarged
airport accommodations elsewhere on the system,
gave Eastern the latest in passenger and baggage
handling facilities and materially aided it in render-
ing better service to its customers.

During 1959 Eastern operated 18,731 undupli-

cated route miles linking 108 airports serving 126
cities.
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New records for the volume of travel handled over
the Eastern system were established during June and
August, exceeding In both instances the largest
previous volumes ever handled in a single month’s
time, including the normally heavy winter months
of the two previous years.

During the vear Eastern inaugurated flights into
the Broward County International Airport, Fort
Lauderdale, Florida, frc  Newark New ]Jersey, re-
sumed direct non-stop flights between New York
and St. Louis; and, with the lifting of certain re-
strictions previously in effect, began operating direct
daily flights between Chicago, Greensboro/High
Point and Raleigh/Durham. Service to Malone,
New York, was discontinued. With the introduction
of the Electras and the upgrading of flights else-
where as modern four-engine piston-powered equip-
ment became available, there was considerable
speeding up of service over many other important
route segments. Following Civil Aeronautics Board
authorization, Eastern was expecting at year-end to
commence services between various major points on
its system and Cincinnati, Milwaukee, and the twin
cities of Minneapolis/St. Paul.

Occupying much attention during the year were
the extensive hearings conducted by the CAB at
Houston, Los Angeles, Miami and Washington,
D.C., on the Southern Transcontinental Service
Case. Eastern presented strong arguments support-
ing the need for such a route to se€rve the nation’s
most rapidly growing areas and emphasized its own
qualifications to serve it, using new jet aircraft.

During the year Eastern linked its teletype lines
to those of United, Southern and Capital Airlines,
thus providing (with interconnections already pre-
viously effected with American, Delta and TWA) a
private communications network for the exchange
of reservations and other information amounting to
174,686 miles.

To bolster sales, Eastern introduced a variety of
travel promotional ideas during the year, notably an
expanded program of ‘“Happy Holidays” low-cost
package tours to Florida and other resort areas,
effective during the winter
Various cxperimental fares were estab-
lished to encourage night-coach and family travel.
A revived “Fly Now-Pay Later” plan was adopted
in cooperation with the Beneficial Finance Co.
Champagne service and additional stewardesses were
placed aboard many first-class “Golden Falcon”
flights, and complimentary meals were added to
some deluxe day-coach services. An effort was made
to develop more “Fly and Drive” business in coop-
eration with the auto rental agencies, and sales in-

including several
months.


















personnel to more than 2,400. The pilot list was up
in the 300s and the stewardess list went up to 180.

After months of preparation, Northeast was ready
to start its jet service between New York and Miami
at the end of the year. Northeast’s own crews were
flying the Boeing Intercontinental 707 jets through
a lease agreement with TWA, approved by the Civil
Aeronautics Board.

OZARK AIR LINES
For Ozark Air Lines, 1959 was marked by its
entry into the turbine aircraft field, the most exten-
sive expansion in its history and an improvement in
the airline’s earning record.

Acceptance of its initial order of three Fairchild
F-27 jetprops during the summer marked the air-
line’s entrance into the jet age. The aircraft were
placed in service later in the year. Delivery of the
planes climaxed an intensive six months’ training
program, begun in March, for all of the airline’s
personnel.

In order to finance this jet program, Ozark raised
approximately $2.7 million through a loan and the
sale of 152,944 shares of stock. The loan was granted
a federal guarantee by the Civil Aeronautics Board.

A rapid expansion program was accomplished by
Ozark when the CAB awarded it additional 1,716
un-duplicated route miles in the Seven States Area
case, bringing the airline’s system to 5,273 route
miles serving 54 cities in 10 states. Service over the
new routes was inaugurated March I and expanded
operations from 18,597 miles a day to 26,930 miles
per day; a 45 percent increase.

New cities added to the system by this award were
Madison, Wisconsin; Iowa City, Iowa; Omaha, Ne-
braska, and St. Joseph, Missouri. In addition to
these four new cities, the award included additional
or substantially changed service to 25 cities pre-
viously served by Ozark.

In 1959, Ozark flew over 7% million air miles and
well over one half million passengers.

Operations for the fiscal year resulted in a net
profit of 587,958 as compared to a net loss of
S128,706 for the previous year. Operating revenues
were up 19 percent but operating expenses also
rose 16 percent.

In October, Joseph H. Fitzgerald was elected presi-
dent of Ozark. Floyd W. Jones was elected chairman
of the board.

Also, as a mark of its corporate identity, Ozark
adopted a stylization of the “three swallows in
flight.” In addition to being a distinctive modern
insignia in itself, the emblem has further significance
due to its association with the ancient symbol of
safe travel and scheduled flights.
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In September, Ozark completed its ninth year of
operations with a rccord of 2,122,513 passengers
flown, exceeding the two million mark in May, and
a perfect record of safety.

During the ycar, Ozark maintained an average
load factor of over 51 percent and recorded approxi-
mately a 80 percent increase in passengers flown.
In September it established ' new record for pas-
sengers boarded in onc day v «h 2,191, upsetting the
old record which had been recorded in May.

Expanding its facilities, Ozark leased a hangar
and office space in Rockford, Illinois, and
also entered into commitments involving terminal,
hangar and fueling systems at O'Hare International
Airport, Chicago, Illinois, which were scheduled to
be completed in 1962.

At year-end, Ozark employed approximntcly 1075
persons, an increase in personncl of about 23 per-
cent over the previous year.

PACIFIC AIR LINES

The year 1959 saw Pacific Air Lines enter the jet
age, expand its service to major Pacific travel
points and extend its nonstop operations.

Most important to Pacific Air Lines was the
placing into service six F-27A propjet .44-passcnger
aircraft. The first three F-27As went into revenue
service on April 26, 1959 and the second three,
which were delivered in June, were placed in service
on July 1. The company’s flect now consists of six
F-27As, seven Martin 44-passenger aircraft and ten
DC-3s.

Another major development was the extension
of service to Portland, Oregon, now Pacific’s north-
ern terminal. This service was inaugurated on Sep-
tember 1, 1959 and provides Portland with no.nstoI)
F-27A service to Fureka-Arcata, one-stop service to
the San Francisco-Oakland Bay Area and one plane
service to San Jose, Monterey, Bakersfield and Las
Vegas. A Martinliner provides service from Port-
land and Crescent City down the California coast to
the Bay Area.

The vyear also saw Pacific inaugurate “Com-
mutair” service between San Francisco, San Jose,
Stockton and Sacramento and between Palmdale-
Lancaster and Burbank-Los Angeles.

New nonstop service was instituted between
Bakersficld and San Francisco; between Los Angeles
and Monterey, and between San Jose and Los
Angeles. Some schedules also provide nonstop
service between Monterey and San Francisco. To
meet the demand for connecting service with trans-
continental airlines and additional business day
commuter service Pacific also began nonstop flights






Dusseldorf, Amsterdam, Brussels, Hamburg and
Copenhagen.

Pan American also inaugurated American-flag
jet service to South America. The first flight de-
parted from New York on July 20 for Buenos Aires,
via Asuncion, Paraguay. The service began as a
once-weekly roundtrip and was later increased to two
roundtrips. Jets cut the travel time between New
York and Buenos Aires to 12 hours, half the time
required for piston-engined planes.

Jet Clippers made their debut at terminals on the
West Coast on August 26 when the first jet left on
a Polar track to Europe.

Travel times were slashed almost in half by the
inaugural flight, routed from San Francisco and Los
Angeles to London. Flights operated on a twice
weekly schedule, making the 5,525-mile trip in 11
hours, 20 minutes. On westbound flights the Jet
Clipper’s speed and the changes in time zones made
it possible for a passenger to eat breakfast in London
and be in San Francisco in time for a late lunch date.

A trans-Pacific service with Boeing 321 Inter-
continental jets, which opened on September 5,
offered flights from San Francisco or Los Angeles
through Honolulu to Tokyo. By the following
month the flight frequency was increased to four
a week. Service between the West Coast and Hono-
lulu was expanded to 16 roundtrips a week with
Portland and Seattle being added as Jet Clipper
terminals.

Pan Amecrican instituted its jet services with
Boeing 707 aircraft, but began integrating long-
range Boeing 321 Intercontinentals into the fleet
in September. By the end of the year all of the air-
line's transatlantic jet service was with the Inter-
continentals.

The Intercontinentals, with a range of 5,000
miles, fly nonstop across the Atlantic in both direc-
tions. They cut the New York to London flight to
six hours, 30 minutes, and reduce the westbound
crossing time to eight hours, 40 minutes.

Pan American dramatically introduced the Inter-
continental as a press plane accompanying Vice
President Richard Nixon to Russia. The Inter-
continental sped from New York to Moscow non-
stop in eight hours, 54 minutes.

Along with the upswing in passenger traffic, Pan
American also noted increases in cargo which indi-
cated a new high by the end of the year.

In preparation for an expanded cargo service, Pan
Amecrican evaluated several types of all-cargo tur-
bine—powered planes.

At the same time, the company took immediate
steps to equip itself for 4 greater cargo lift by con-
verting 10 DC-7C passenger planes to cargo aircraft.
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The S2.8-million conversion contract, awarded to
Lockheed Aircraft Service, contained an option for
conversion of an additional 10 DC-7Cs. The first
10 planes were expected to be completed in early
1960.

Pan American planned for the converted DC7C
to carry 16 tons on a trans- A" intic flight, or almost
five tons more than a DC-6. . the cargo plane cur-
rently serving the route. The DC-7C will cruise
at 300 miles an hour, 50 miles an hour faster than
a DC-6A.

The airline instituted an all-cargo scrvice across
the Pacific with DC-Is on April T on a once weekly
basis. Flights leave San Francisco and arce routed
via Honolulu and Guam to Manila. The DC-A
Cargo Clipper has a capacity load of 15,000 pounds.

PANAGRA

To mect the demand for tourist and first class
service to South America prior to intoducing jet
service on that continent early next year, Panagra
(Pan American-Grace Airways) in 1959 converted
its DC-6B and DC-7 fleets to dual configuration.

In so doing, the airline extended its first class
service to Cali, Quito and La Paz, increased this
service to Guayaquil, Talara, Lima, Antofagasta,
Santiago and Buenos Aires, and for the first time
provided daily tourist service to these last two
named South American capitals.

The airline also continued its excursion fares,
which it had introduced in 1956, to encourage and
stimulate group and individual travel to South
America and extended their time limit from 30 to
45 days to permit longer trips. These excursion
fares, which reduce by as much as $200 the price
of a trip around South America, have made it possi-
ble for travel agents in this country to offer more
escorted and independent all-inclusive tours of
South America.

In prepartion for the start of its DC-8 jet service to
South America early in 1060, Panagra began an
extensive training program for flight crews and
operations personnel, Special training courses for
pilots, mechanics and ground personnel were con-
ducted in the United States and South America.
Sales and traffic personnel also were readied for the
jet with additional instruction to cope with some
of the new problems which might arise in handling
increased loads of 100 or more PASSCIIZErs and tons
of baggage and cargo.

The year also saw a 15 percent rise in Panagra’s
cargo during the first half of 1959 as a result of
contunued expansion of industry and exploration of
oil and mineral deposits in South America.












of 1049H Constellations, on both U. S. and inter-
national routes. Four weekly round-trip interna-
tional all-cargo flights and three daily domestic
trips were scheduled, offering a combined domestic
and international all-cargo airlift potential of
6,157,000 available ton miles a month.

In June, ground was broken for the construction
of TWA’s new $12-million passenger terminal at
New York International Airport. The building was
designed by Eero Saarinen. A scale model of the
dramatic structure was on exhibit at the New York
Museum of Modern Art earlier in the year.

TWA President Thomas received two public
service honors. In January he received the Navy’s
Distinguished Public Service Award and in May
Secretary of the Air Force James H. Douglas pre-
sented him with the Exceptional Civilian Service
award for his substantial contributions to national
defense and his active role in strengthening the civil
reserve air fleet program.

Apart from scheduled operations, TWA made
news in far places during the year as a result of a
special Boeing 707 jet flight to bring back U. S.
newsmen covering Vice President Nixon's trip to
Russia and Poland.

TWA was the first U. S. flag commercial airline
to fly into Poland. At Moscow some 5,000 Russians,
including Soviet Premier Khrushchev, walked
through the TWA Boeing during the two days it was
on public display there. Mr. Nixon flew on the
TWA special flight on the segment between Warsaw
and Iceland and held a press conference in flight.

UNITED AIR LINES

Introduction of the DC-8 Jet Mainliner, climaxing
more than a decade of company research and plan-
ning for turbine-powered flight, overshadowed all
other events in the 1959 operations of United Air
Lines.

The first of 40 DC-8s which United had ordered
at an over-all cost of $225 million was delivered in
June at Long Beach, California. The aircraft em-
hodied great technological advances, in addition to
many innovations in passenger comfort. Cabins
and compartments, designed by Raymond Loewy
Associates, accommodated 52 first-class and 53 coach
passengers.

United inaugurated DC-8 Jet Mainliner flights
on U. S. Route No. 1, New York-San Francisco, on
September 18, The new jetliner subsequently was
placed in service between New York-Los Angeles,
Chicago-San Francisco, Chicago-Los Angeles, San
Francisco-Los Angeles and Chicago-Washington/
Baltimore.
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For most of the year, however, the company
operated an all-piston engine fleet against increas-
ing jet competition. Despite jet competition in the
months before the DC-8 was introduced, the com-
pany’s traffic continued to expand. By midyear, for
example, United had carried 3,689,000 passengers
as compared with 3,441,000 in the first six months
of 1958. Revenue passenger miles totaled 2,5735,-
000,000, an increasc of cen pereent over the
previous year. Freight ton miles amounted to
$8,097,000, up 33 percent; mail ton miles, 17,-197.000,
up 13 percent and express ton miles, 5,958,000, up
28 percent.

On June 11 a new company record was set in
single day passenger volume—26,139 as against the
previous high of 25,602 flown on August 29, 1958.
Similarly, June proved the husiest month in com-
pany history. Revenue passenger miles totaled
534,664,000, an increase of four percent over June
of 1958.

Piston-engine aircraft were all-important in daily
operations but jet planes were dominant in com-
pany rescarch and planning. In June United con-
tracted for seven more Boeing 720s, increasing its
total order for this type of intermediate jet to 18.
The first of the 18 came off the Boeing assembly line
in the fall. The 615 mile per hour aircraft is
designed to fly in and out of any airport that can
accommodate DC-7s.

A $10-million DC-8 Jet Mainliner training pro-
gram, involving 12,000 of United’s 21,000 em-
ployees, was fully underway by early summer. Train-
ing of jet flight crews had begun in September, 1958,
by means of the first DC-8 electronic flight simulator
to be acquired by an airline. An electronic DC-8
systems and crew trainer also was placed in use,
along with a simulator which duplicated the per-
formance of the J57 and J75 jet engines.

Delivery of the DC-8 Jet Mainliners was ac-
complished by the introduction of specialized
ground equipment, designed for utmost speed and
efficiency in servicing the new plancs. Approximately
70 types of machines and vehicles had been devel-
oped by United in preparation for jet operations.

Among the new items were motorized passenger
loading stands which moved to and from the jet-
liner under their own power, operated by passenger
agents. This eliminated the customary tugging and
pushing. On-and-off loading of baggage and cargo
was greatly accelerated by the use of tub-like con-
tainers, automatically lifted in and out of the plane.
Removal of DC-8 baggage for 105 passengers could
be accomplished in less than three minutes.

United also introduced passenger handling pro-



cedures greatly improved over former methods.
‘The high speed check-in system, for example, speed-
ed the flow of jet passengers through the terminal
and into “holding rooms” at the gate of outbound
flights. The new system was patterned after the
arrangement of a super market, with passengers
checking in at “islands” rather than at counters
which bar the direct onward movement of traffic.

Flight planning by electronic computer was an-
other significant innovation which United instituted
with DC-8 service. In contrast with manual calcula-
tions, which require at least an hour, the computer
analyzes hundreds of variables in the wind, tempera-
ture and weather conditions at different altitudes.
A highly accurate flight plan 1s produced in less
than three minutes,

United’s passenger terminal at New York’s Idle-
wild terminal was completed in late fall. Designed
to accommodate 2,000 travelers daily, it is equipped
with the high speed check-in system, automatic
baggage counter facilities, and other advances.
Passengers board and deplane by means of enclosed
“Jetways,” which extend from the scond floor of
the terminal to the door of the aircraft. )

Jet engine test cells were built at United’s main-
tenance base in San Francisco and the company
also completed a turbine engine overhaul plant.
The latter was named the William P. Hoare Tur-
bine Building, honoring United’s vice president-base
maintenance, upon his retirement in October after
32 years of company service.

A new flight kitchen which United opened at S‘?n
Francisco attracted wide attention becauseiof 1ts
closed-circuit  television system. The kitchen,
covering 25,000 square feet, was designed t.o pro-
duce up to 6,000 meals daily. Closed-circuit tele-
vision was installed so that information on meal
orders can be flashed simultaneously to various work
locations. )

To spotlight the DC-8 Jet Mainliner at major
cities, United staged Jetarama, the largest thll‘)lt
ever developed by an airline. Housed in three
circus tents, Jeterama visited San Fl‘:ll'lCISCO, Los
Angeles, Chicago, New York and Baltlmel‘e. Ap-
proximately 500,000 attended the unique jet sho?v,
which will tour other cities on United’s system in
1960.

WESTERN AIR LINES .
The year 1959 proved for Western Air Lines a
period of unparalleled progress, highllghted by tl_‘?
addition of the airline’s first turbine—powered al}-
craft, introduction of a comprehensive eleclromc
reservations system and important alterations of
the WAL route system.

Western became the first airline in the West to
introduce Lockheed Electra propjets when, on
August 1, the 410-mile per hour planes were placed
in service between Los Angeles, San Francisco,
Portland and Seattle. Additional flights were in-
augurated on October 10, providing flight time sav-
ings of more than one-third between Los Angeles
and Phoenix, Salt Lake City and Minneapolis-St.
Paul.

First Electra jet in the WAL fleet was delivered on
May 28 and the airline received four others during
the year. Four more were to be delivered in 1960,
completing Western’s original order for the Lock-
heed transports.

Earlier in the year, Western placed into operation
the most advanced reservations systerm in existence,
the Resetron, which linked 96 locations in 13
western states, Canada and Mexico for instantaneous
replies to requests for reservations information.

Built by the Teleregister Corp. of Stamford,
Connecticut, the Resetron proved highly effective
in storing information on as many as 60,000 flight
segments up to six months in advance.

Important addition to the WAL route system was
Calgary, key city of the province of Alberta, Canada.
Establishment of the first U. S. airline service to the
Canadian city on June 1 was made possible by joint
Canadian-U. §. approval, in March.

Bringing Western’s route-modernization program
nearer final completion was a Civil Aeronautics
Boa{‘(! action transferring to local service carriers
13 cities on the WAL system. Included in the group
were Rochester and Mankato, Minnesota; Spear-
fish, Brookings, Hot Springs, South Dakota; Chad-
ron, Alliance and Scottsbluff, Nebraska; Lewiston
and Cut Bank, Montana; Logan and Ogden, Utah;
and Jackson, Wyoming.

At year’s end, Western officials were seeking CAB
ﬂlllllOl.'ily to extend the airline’s route system to
Hawaii, in the Trans-Pacific Service Case; Dallas,
Fort Worth, San Antonio and Houston in the
Southern Transcontinental Service Case; between
penver and key cities in Texas and to other points
in the west,

All previous traffic records for WAL were wiped
out during August when the airline’s total operating
revenues reached $6,499,000 and net earnings
reached $769,000, highest one-month totals in the
airline’s 33-year history.

Western broke the credit barrier on air travel in
September when it became the first airline to
honor Diners’ Club and Hilton Carte Blanche credit

cards in payment for flights throughout the WAL
system.
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agriculture, mining, ranching and electrical power
industries.

The Helicopter Council survey also reported that
more than 100 companies and corporations operate
helicopters to transport top officials and high pri-
ority materials from plant-to-plant, plant-to-down
town and plant-to-airport. Considerable expansion
of this executive transportation market was anti-
cipated by the industry.

Government agencics in the United States and
Canada continued to use the helicopter for traffic
surveys, forest-fire patrol, rescue and as stand-bys
in the event of local disasters. At year-end there
were 27 governmental agencies in the United States
and Canada operating more than 65 helicopters.

American-built helicopters were being operated

all over the world. In South America alone, more -

than two hundred helicopters were in service.

The President during 1959 made greater use of
his “Chopper” for official trips from the White
House Lawn to Camp David, the airport and other
nearby points. A highlight of U.S.S.R. Premier
Khrushchev's visit in September was the unsched-
uled 40-minute helicopter sightseeing flight over
Washington with the President.

An official spokesman for the Helicopter Council
served during 1959 on the Federal Aviation Agency-
Industry Heliport Working Group in preparing the
official FAA Heliport Design Guide. The completed
Guide was scheduled for publication late in the
year.

The three scheduled helicopter airlines—Los
Angeles Airways, Inc., Chicago Helicopter Airways,
Inc. and New York Airways, Inc.—set new records
in the numbers of passengers carried. During the first
six months of 1959 they carried a combined total
of 297,000 passengers. In October alone, Chicago
Helicopter Airways carried 22,265 passengers, a
91.9 percent increase over October, 1958.

The first issue of the official magazine of the
helicopter operators was published in July. Another
noteworthy journalistic trend during 1959 was the
use by many non-aviation publications of a large
number of helicopter feature articles.

The role of the helicopter as a rescue vehicle has
long been recognized. This year that role was given
added recognition during the annual convention of
the American Medical Association at Atlantic City
New Jersey. “Project Medi-Copter,” commercially
sponsored, provided approximately 3,500 physicians
with helicopter flights “designed to familiarize
them with the advances now being made in medical
transportation.”

The Army Medical Service marked its 184th an-

niversary on July 27, 1959. At year-end, the Service
was operating 12 helicopter units, four in this
country, five in Europe and three in Korea. The
helicopters, known as the “Flying St Bernards”
have proved so successful in the work of rescue and
aid that the Army is now considering a major ex-
pansion of their use.

Another Army anniversary during 1959 was the
successful completion of 200,000 fatality-free heli-
copter flight training hours at the Army Helicopter
School at Camp Wolters, Texas. Approximately 100
helicopter pilots were graduated from this School
each month.

The Military Services—Army, Navy, Air Force,
Marine Corps and Coast Guard—continued as the
major users of helicopters for aerial reconnaissance,
fire-fighting in crash-rescue, anti-submarine warfare
and to transport ammunition, supplies and troops.

The deep interest of the military in helicopter
progress was demonstrated by the announcement of
Army and Marine Corps participation in the world’s
first helicopter all weather air traffic operational test
to be established late in the year. The two services,
with Helicopter Council members, joined with the
Federal Aviation Agency in this project. Daily
flights were made, regardless of weather conditions,
between Philadelphia and New York and between
Bridgeport, Connecticut and the FAA National
Aviation Facilities Experimental Center, Atlantic
City, New Jersey.

The American Legion, at its 1959 National

Convention, resolved to “reaffirm the principles and
objectives” adopted at their 1958 Convention to
“promote and encourage the development and use
of helicopters and the passage of necessary ordin-
ances and regulations as will permit their efficient
operation.”
) During 1959, turbine-powered helicopters were
it production for the military and commercial use.
Turbine power not only afforded reduced vibration
and noise, but also provided simplified maintenance
and better performance and reliability.

In the words of the Helicopter Council Chairman,
“American cities today are afflicted with a problem
known as suburbia—with the result, our nation is
headed for the most gigantic trafic jam in history.”
Helicopters have proved their ability to over-come
the age old barrier of terrain, opening up inaccess-
ible areas. With the improved performance and
increased payloads of the helicopter, given an
adequate system of city-center and suburban heli-
ports, the helicopter promised to greatly aid in
providing transportation above the everyday traftic
of metropolitan centers.

2417



GENERAL

General aviation, which is all civil flying except
the airlines, particularly the business use of private
aircraft, continued its rapid growth during 1959.

At year-end, the active general aviation fleet
numbered about 70,000 units as compared to about
1,900 airliners; and general aviation flying exceed-
ed 12 million hours a year, compared to about 3.6
million airline hours.

General aircraft production figures were also
evidence of the steady growth trend. Unofficial
figures for October indicated that the ten-month
total would be approximately 6,300 aircraft for a
retail value of about $145 million. This compared
with a year-total of 6,414 units in 1958, having an
estimated $13%5-million retail value. It was evident
from these comparisons that the total 1959 figures
would be substantially in excess of 1958, and that
a record in unit and dollar volume would be
established.

During the year, thousands of businessmen found
the small airplane to be an almost indispensable
part of their business activity, and a great majority

AVIATION

of the nation’s largest corporations operated fleets
of small planes.

The largest segment of general aviation flying was
for business purposes, which had more than doubled
in the past decade, and at year-end stood at an
annual rate of about six million hours.

The National Business Aircraft Association re-
ported that over the past five years, the rate ol an-
nual increase in business flying had been 13 percent.
This represented an annual rate of growth greater
than that experienced by all other general aviation
{lying combined.

Business aircraft accounted for 28,000 of the more
than 70,000 total active civil aircraft registered with
the Federal Aviation Agency. NBAA estimated the
following breakdown of aircraft by class: (1) Multi-
engine (9-place and over), 750; (2) Multi-engine
(under 9-place), 5,040; (3) Single Engine (3-place
and over), 18,500; (4) Single Engine (l-place and
2-place), 5,950; (5) Helicopters, 78.

Over 1,000 of the business aircraft delivered dur-
ing the year were multi-engine. Corporation owner-

THE CHANGING COMPOSITION OF CIVIL AIRCRAFT MOVEMENTS
REPORTED BY F.A.A.—OPERATED CONTROL TOWERS

Civil Aircraft Movements

Local Itinerant Air Carrier

Year El;nber i’e—rc-em Number Percent Number Percent Total
(1 (2 (3) 4 (5) (6) O] (8)
1946 7,076,585 67.0 1,121,811 10.7 2,357,826 22.3 10,556,022
1947 11,289,119 70.2 1,931,497 12.0 2,854,481 17.8 16,075,097
1948 10,376,900 64.4 2,499,919 15.5 3,241,941 20.1 16,118,760
1949 7,724,373 54.6 2,721,925 19.2 3,713,257 26.2 14,159,555
1950 6,556,042 48.1 3,048,838 22.4 4,001,947 29.5 13,586,827
1951 6,178,704 43.6 3,442,225 24.3 4,555,509 32.1 14,176,438
1952 4,565,689 35.6 3,398,600 26.5 4,866,358 37.9 12,830,647
1953 4,013,814 30.6 3,704,780 28.3 5,384,416 41.1 13,103,010
1954 3,946,162 29.1 4,068,638 30.1 5,520,599 40.8 18,535,399
1955 4,008,188 27.6 4,533,275 31.2 5,985,916 41.2 14,527,379
1956 4,654,656 28.1 5,866,175 32.4 6,553,366 39.5 16,574,197
1957 5,512,261 28.6 6,616,364 34.4 7,112,208 37.0 19,240,833
1958 6,009,391 29.0 7,937,747 37.7 6,977,671 35.3 21,034,809

Source: Federal Aviation Agency










ST R T e o

AND AVIATION

The first session of the 86th Congress was rela-
tively unproductive as far as aviation was con-
cerned. Although industry was subjected to a series
of investigations involving alleged waste, duplica-
tion and influence peddling, no new laws resulted
and few changes were recommended by year-end.

Despite a determined effort by industry to soften
the Renegotiation Act, a flat three-year extension,
to June 30, 1962, was granted with a promise that
a thorough review of the law would be made. Ap-
proved separately was a bill to enable contractors
who were forced to return excess profits, to file for
refunds or credit for income taxes paid on these
funds. Legislation would extend the filing period a
year after final renegotiation order was final.

An amendment was added to the $1.2-billion
construction authorization bill compelling Penta-
gon arm planners to justify all operational arms
through both Armed Services units.

The existing corporate tax of 52 percent was
extended for one year to June 30, 1960.

At the request of the Navy, lawmakers estab-
lished a Bureau of Naval Weapons to place the
Navy arms system under the direct control of a
single executive. This replaced the Bureau of Aero-
nautics and Bureau of Ordnance.

The prior year’s concern over funding of the na-
tion’s military weapon and civilian space programs
lessened considerably during the year, and although
a large ($39.2 billion) defense appropriations bill
was finally approved, it was $20 million short of the
President’s request. Congress also voted $1.3 billion
for military construction for the three services, and
a compromise $500 million for operation of the
National Aeronautics and Space Administration
(about $30 million short of that agency’s request).

Still pending at year-end were controversial bills
involving procurement (to put competitive negotia-

tion on a par with advertised bidding and to en-
courage wider use of the weapon system), risk in-
surance for defense contractors, incentive awards
to spur research, Pentagon reorganization, and a
new recommendation for a merger of the Army
and Air Force.

Another element of the industry, air transport,
also suffered from legislative inactivity.

Hopes for a $575-million four-year airport aid
program were crushed early by White House op-
position, and all that resulted from the ensuing
squabble was a stop-gap bill to extend aid for two
years at the present $63-million level.

Legislation to facilitate loans for turboprop and
jet aircraft won approval in a form that would
lift liability from firms leasing out engines and
propellers and extend it to the carrier using the
¢quipment.

A compromise provision, allowing half of the
10 percent passenger tax to expire June 30th,
1960 was approved; but by that date, the House
Ways and Means Committee, aiming to broaden
the tax base and kill many special exemptions,
planned an extensive review of the tax picture.

Final figures on appropriations granted were:
Cruil Aeronautics Board, salaries and expenses, 356,-
925,000, only $575,000 less than requested: subsidy
payment cash—$58.5 million. Federal Aviation
Agency, operations, $301,700,000, about $26 million
less than requested; establishment of air navigation
[acilities, $185,200,000: and research and develop-
ment, $48,725 000.

Postponed until the second session were the fol-
lowing: a proposal to sct up a government-guar-
anteed loan system tor development of an all-cargo
aireraft, a proposed bill to give the postmaster
limited power to contract for transport of mail
with airlines: a proposal to raise the aviation gaLs
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tericl Depot at the TAA's Aeronautical Center
in Oklahoma City.

The Bureaw of Ao Traffic Management. Largest
of the FAN Burcaus from the standpoint ol total
cmplovees, (nearly 15,000) it administers airspace
allocations, operated airport traffic control towers,
air trallic communications stations and air route
traflic conwtrol centers.

The Burcaw of National Capital Airports. This
is o transitional office to provide for integrated op-
cration ol the Washington National and Dulles
International Airports. On August 17, 1959, the
Administrator transmitted to the Congress legis-
lation to create a National Capital Atrports Corpo-
ration, which would replace the Bureau.

In the over-all dirvection and control of the
Ageney, the Administrator was assisted by a Deputy
Administrator and three Assistant Administrators.

The Deputy was appointed by the President and
confirmed by the Senate, and delegated the au-
thority to act on behalf of the Administrator on
all aspects of the Agency’s opemtions.

The Assistant Administrator for Management
Services is responsible for budgeting, accounting,
nanagement analysis, program evaluation, and pro-
curement and supply policies.

The Assistant Admninistrator for Personnel and
Training heads the Agency’s pcrsonnel program,
directs its training functions, and 1s responsible for
security matters.

The Assistant Administrator for Plans and Re-
quivements assists the Administrator in the de-
velopment of Agency l)olicies, goals and rcquire-
ments, and conducts economic and other analytical
studies in connection with long-range pl:mning.

As in the case in all large independent agencies,
the Administrator is also assisted by a number
ol important staff offices tailored to the Agency’s
specific needs. They are:

The Office of the General Gounsel, which pro-
vides legal counsel and advice to the Administra-
tor and directs and supervises the ramified legal
work of the Agency.

The Office of the Ciuil Air Surgeon, established
by the Administrator to give emphasis to civil avia-
tion medicine and aero-medical research. This
office recommends standards for mental and physi-
cal fitness of airmen and air traflic controllers, ove;-
secs the medical examination of airmen and others
whose health could affect safety in flight, and
dircets research in aviation medicine.

During the year a contract was negotiated with
the Eye Research Foundation, Bethesda, Mary-
land, for a study of the visual sensitivity of pilots

to assist in evaluating runwav lighting svstems.
The project will be carried out at the FAA’s Na-
tional Aviation Facilities Evaluation Center and
will cover the activity of 36 pilots in as many as
1,500 separate landings, using various types of run-
way lights under various weather conditions.

A research contract was also awarded to the
Johns Hopkins Hospital, Baltimore, Maryland, to
undertake studies which would lead to development
of an improved system for recording pathological
heart conditions. This would make possible es-
tablishment of more discriminating medical stand-
ards for airmen applying for their medical certif-
icates and eliminate blanket restrictions now re-
quired where insufficient definitive medical data
Nnow exists.

Plans for establishment of a Civil Aeromedical
Research Center, under the direction of the Civil
Air Surgeon, were announced. The research will
stress the development of the advance medical data
necessary to meet anticipated operational problems
as civil air operations move into higher altitudes
and greater speeds.

The Office of Congressional Liaison, a small unit
concerned chiefly with facilitating communication
with Members of Congress and their staffs on the
many matters in which Agency activities arc of a
direct interest to the Congress.

The Office of Public Affairs. charged with keep-
ing the public and the news media informed of
the Agency’s activities.

The Office of International Coordination. This
office handles the FAA’s technical assistance to
foreign countries—28 Technical Assistance Groups
were operating at year-end. Approximately $6 mil-
lion was made available for this purpose by the
International Cooperation Administration in the
fiscal year ending June 30, 1959. The funds were
used for such projects as airport construction and
establishment of radio aids overseas, and for train-
ing of foreign nations in the United States. The
OIC also serves as a clearing house for dealings
on technical matters with ICAO and other inter-
national bodies, and administers the exchange-of-
information program with foreign governments.

The Aeronautical Center at Oklahoma City,
Oklahoma. Headquarters for the extensive train-
ing programs conducted by the FAA. These pro-
grams include basic, advanced, and vefresher
courses for FAA personnel, and for such toreign
nationals as arc assigned to the Center under
the International Cooperation  Administration’s
Technical Assistance Program.

The Center is the location of the Facilities and
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the lowest level of air activity. Phase Two covered
the annual peak of activity during July and August.
The composite picture obtained presented the facts
on 52 percent of general aviation flying, and 100
percent of military and airline operations taking
place during the specified time periods. The data,
when consolidated, will provide a total of approxi-
mately 200,000 flight scgments (a single flight
landing at two cities makes up two segments) and
from this sampling, using methods perfected by the
Bureau of the Census, the air traffic patterns for the
entire country may be scientifically predicted.

One of the largest high-speed electronic compu-
ters yet built was used to digest and analyze the
great mass of data gathered for the study, processing
the maze of statistics into a set of 150 equations
from which valid traffic forecasts up to 1980 can be
made. This computer can recreate a cross-country
flight in all its essential details in less than one-tenth
of a second. It can also, using the equations, de-
velop an accurate estimate of situations likely to
occur at any place, at any time, in the next 20 years,
such as: the peak number of landings and take-offs
by light twin aircraft at a given airport during a
certain activity during a certain activity period in
1964, 196G, or 1980:; the peak number of single-
engine Air Force jets that might be expected in the
airspace over any onc or all of the 920 blocks of air-
space covered by the study, during any specified
period; the peak number of large multiengine air-
craft flowing between Washington and New York—
in pertinent detail—-now and in 1980; The expected
activity at Idlewild airport between 5:00 and 6:00
p-m. on a Sunday in July of 1964 in perfect weather
and under conditions of restricted visibility.

To further the interests of general aviation,
there vWas established within the Bureau of Flight
Standards, two new branches, the General Opera-
tions Branch and the Business Operations Branch,
to work exclusively in these areas. Twelve General
Safety Inspectors, all business flying specialists, were
assigned to key district offices around the country for
the convenience of general aviation aircraft owners
and the FAA plans to increase this number as time
goes on.

Recognizing the need for greater knowledge of
how rotary winged aircraft perform under instru-
ment conditions and when operating in high density
traffic arcas, the world’s first air traffic control service
for helicopters was established by the FAA at New
York City. Daily flights, regardless of weather con-
ditions, were scheduled from Philadelphia to New
York, and from Bridgeport, Connecticut to the FAA
National Aviation Facilities Experimental Center at
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Atlantic City, New Jersey.

An extension of the Airport Aid Bill was signed
into law by President Eisenhower on June 30, 1958.
The bill extended for two years the program of
Federal grants to the States for airport construction,
providing $126 million for the two year period.
FAA programs for these two yc will stress pro-
jects required for increased safety, although the bill
gave the Administrator broad discretionary author-
ity to use Federal money for other cssential con-
struction.

A joint weather research program was organized
with the Department of Defense and the United
States Weather Bureau. FAA’s contribution was to
be a two-year study and analysis of the type and
amount of weather information needed to cope with
the increasing volume of air traffic anticipated in the
next 15 years. The long range research will }?e .Lhc
most comprehensive  investigation of (Tu'umon
weather needs yet undertaken. First take will be to
collect weather data used in the air traffic control
system, the air navigation system, and by th'e users
of the nation’s airspace. Data collected will include
weather information relating to advance flight
planning, preflight planning, ground op.emtions,
takeoff, en route flight, approach, landing, and
flight safety.

In this connection, a contract was awarded by
the Department of Defense to United AirFraft Cor-
poration for the development of a .new Iugh. speed
automatic aviation weather system for the joint use
of military and civil aviation. If_successful 'the
prototype system may form the basis of a revised
national and even global weather rcport.mg_system.

A special feature of the FAA’s or_gamzatlon was
the joint civil-military character of_ I.tS. stafhng. Al-
though most of the employees are c1v111‘;m, there are
132 officers of the Army, Navy, and Air Ff)rce serv-
ing in the Agency. Among the key positions held

by military personnel are those of Assistant Ad-

ministrator for Plans and Requirements, Dcp.uty
Chief of the Office of International Coordination,
Deputy Director of the Burecau of Air Traffic Man-
agement, and Deputy Directoi of the Bureau of

Research and Development.

CIVIL. AERONAUTICS BOARD

Major alterations in the domestic trunkline route
systems were made during 1959 as a result of formal
decisions of the Civil Acronautics Board. In the
Great Lakes Southeast Service case and the St
Louis-Southeast Service case, Northwest Airlines
was extended to Miami from Chicago; Capital Alr-
lines was put into the Buffalo-Miami market; Delta






craft upon reasonable terms, and only if the aircraft
purchased will improve service and efficiency. This
Board authority will expire in 1962. Equipment
purchased under guaranteed loans included five
Vertol helicopters, 25 Fairchild F-27s and five Con-
vairs.

An important aspect of the Board’s work was the
decision in the Six Carrier Mutual Aid Pact case,
where the Board approved, with certain conditions,
a six-carrier agreement providing that, under speci-
fied circumstances, the signatory airlines will come
to the financial assistance of a signatory carrier
which is being struck.

The Board, in the Large Irregular Air Carrier
Investigation, issued its opinion providing for cer-
tificates of public convenience and necessity to 23
supplemental air carriers for domestic service.
Twelve certificates were for five years and eleven
for two years. The services authorized are sub-
stantially the same as those previously permitted
under exemption—unlimited domestic charter ser-
vice, and up to ten round trips per month between
any pair of U. S. points in individually-ticketed
passenger and/or individually/waybilled cargo
service. Two additional carriers were subsequently
given temporary certificates, after further considera-
tion. Certain other carriers were found not quali-
fied for certificates. The supplemental class is left
open for limited entry pending a general re-examin-
ation of the need for and scope of supplemental
service when the five-year certificates come up for
renewal. Foreign and overseas supplemental air
service will be the subject of a future decision.

During the year the Board converted its Trans-
atlantic Charter Policy into an economic regulation.
The regulation carries out the main lines of the
earlier policy, but in a more permanent form and
with further clarification and improvement of de-
tails and language. The number of trans-Atlantic
charter flights of the type where cost is prorated
among the passengers continued to increase. These
flights gave bona fide groups an opportunity to se-
cure trans-Atlantic transportation at a cost well
below individually-ticketed air service.

In the field of aviation safety, under the Civil
Aeronautics Act of 1938, the Board was responsible
for the investigation of civil aircraft accidents, for
the adjudication of enforcement proceedings in-
volving air safety certificates, and for the develop-
ment and promulgation of Civil Air Regulations,
the safety code. However, with the enactment of
the Federal Aviation Act of 1958, Congress created
the independent Federal Aviation Agency, and on
January 1, 1959, the effective date of the new legisla-
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tion, the Board transferred its rule-making func-
tions to the FAA to form a nucleus for that agency’s
safety regulation operations.

AGRICULTURAL RESEARCH SERVICE
DEPARTMENT OF AGRIC .TURE

The Department of Agriculture continued to
make extensive use of commercially-owned aircraft
for insect control purposes throughout many areas
of the U. S. in 1959. From January until late sum-
mer, supervisory pilots of USDA’s Agricultural Re-
search Service flew 220,000 miles or a total of nearly
1,470 air-hours in 26 States while assisting with the
direction of insect control or eradication programs,
making experimental applications of insecticides,
and conducting aerial surveys.

More than 70 aircraft were used in pink bollworm
eradication work in Arizona where eight applica-
tions of insecticide were made at six-day intervals
during the growing season on approximately 75,000
acres. All the acreage was treated with DDT in-
secticide formulations in both dust and spray form.

In cooperative ARS-Staterancher grasshopper-
control programs, approximately 765,000 acres were
treated by commercial aircraft in seven States. T'wo-
thirds of the total was in New Mexico and
Wyoming. Several thousand acres treated for grass-
hopper control in Idaho also included an infesta-
tion of Mormon crickets.

Contracted aircraft applied insecticide to approxi-
mately 75,000 acres of woodland in New York as
part of the long range ARS effort to eradicate the
gypsy moth, serious pest of trees. A similar pro-
gram covering some 20,000 acres was also carried
on in Michigan. Experimental aerial applications
of about 50 promising chemicals and microbial in-
secticides potentially useful as a substitute for
DDT against the gypsy moth in sensitive areas such
as dairy pastures, were conducted by ARS pilots on
37 test plots comprising 3,000 acres.

Commercial aircraft, contracted by ARS and the
states, applied granulated insecticide on approxi-
mately 500,000 acres during the year in Alabama,
Arkansas, Florida, Georgia, Louisiana and Texas in
the cooperative Federal-State imported fire ant
eradication program begun in 1957. Part of the
acreage treated also included areas infested by the
white-fringed beetle.

In a cooperative USDA-State program to eradicate
isolated Japanese beetle infestations in Illinois and
Michigan, contracted aircraft applied more than
460,000 pounds of granulated insecticides to prevent
the spread of the beetle. The total area treated was
approximately 23,000 acres.






tion, statistical, legal and administrative fields.

The special COM/OPS/RAC (Communications,
Operations, Rules of the Air and Air Traffic Con-
trol) meeting held at ICAO hcadquarters in Mon-
treal early in the year was perhaps one of the most
important (to U. S. aviation) International Tech-
nical Conferences of all time. This mecting was
called to reach conclusions on worldwide standards
for short distance air navigation aids. The meceting
was to consider the U. S. VORTAC vs. the British
DECCA systems. Since the U. S. Rho-Theta con-
cept was being seriously challenged by the British
hyperbolic system, the Committee found it necessary
to make thoroughly comprehensive preparations for
the meeting. As a result, the U. S. VOR-TACAN-
DME system was adopted in spite of strong British
efforts in support of the DECCA system.

The Committee also prepared positions and
recommended U. S. Delegations for eleven other
International Technical Conferences which were
held in various parts of the world under ICAO
auspices. Of considerable significance domestically,
the Comnmitte coordinated comprehensive plans for
the Weather Bureau and the Air Force for expand-
ing and modernizing our aviation weather forecast-
ing services to meet jet age requirements.

The Airport Use Panel continued to have the
responsibility for formulating and coordinating
policies and actions necessary with regard to the
planning, construction, modification and mainte-
nance of civil and military airports throughout the
nation. The Panel completed action on a total of
eighty-seven airport cascs involving problems of
joint civil/military use and problems in connection
with the establishment of new facilities. To insure
inter-agency planning and to minimize any conflict
between the defense agencies and other interested
segments of aviation, the Panel reviewed and co-
ordinated the Fiscal Year 1960 construction pro-
grams of the three military services. To keep in
touch with the national airport situation during
this period, Panel members attended various con-
ferences of airport executives and associations held
throughout the country.

In the cconomic area during the year 1959, a
United States policy was formulated on prol)lems
arising from the disposal abroad of piston transport
alrcraft being replaced by turbojet and turboprop
eq}lipmem. While the report pointed out that
private enterprise should take the initiative with
!."CSI)(T(‘,[, to the disposal and leasing of used aircraft,
it K'Vas ugrccd that the Export-Import Bank would
assist private enterprise in financing the sale of used
aircraft on much the same terms as new aircraft.
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The Department of Commerce undertook the
establishment ol awrrangements for liaison between
Government agencies and  private enterprise in
order that the information needs of cach in con-
nection with aircraft disposal and financing prob-
lems may be satisfied so far as po: »Hle through a
single focal point. The defense establishment
agreed in principle that surplus military transports
similar to civil transport aircralt would be with-
held from the commercial market, subject to cer-
tain exceptions, in order that their possible dis-
posal would not unduly prejudice the sale of civil
transport planes or materially depress their prices.
Finally, the report recommended that a {urther de-
tailed study should be made by an appropriate
Governmental agency or organization of the entire
surplus aircraflt problem. It outlined special study
areas that might be conducive to the solution of the
problem.

The Committee continued to advise the Export-
Import Bank with respect to proposals for financing
the sale abroad of United States manufactured air-
craft and related equipment. It also continued its
activity in TCAO with regard to defliciencies in air
navigation services and facilities neccessary to sale,
regular, efficient and economical operation of in-
ternational air transport throughout the world, as
well as active participation in joint financing
arrangements covering such air navigation facil-
ities and services on international routes.

The Subcommittee on Facilitation of Interna-
tional Civil Aviation (FAL) developed the United
States position with respect to Facilitation Matters
for the Twelfth Session of the ICAO Assembly held
in San Diego in June 1959. In addition, the Sub-
committee prepared specific guidance on facilitation,
matters for the United States delegation to the
Third Session of the European Civil Aviation Con-
ference (ECAC), held in Strasbourg, France, on
March 9, 1959. The member agencies of the Sub-
commiittee, in support of the United States policy to
simplify the movement of border-crossing traffic, re-
vised their regulations, administrative practices and
procedures, as follows:

New regulations of the Department of State, de-
signed to speed the issuance of visas for people who
want to visit the United States, were issued to be-
come effective January 1, 1960.

The use of port receptionists by the Immigration
and Naturalization Service was extended 1o the pre-
inspection operation at Montreal and would later
be extended to additional ports of entry. Also, pre-
inspection was established for flights originating in
Vancouver, Canada. On August 1, 1959, Customs-



Immigration-Agriculture preclearance was estab-
lished at Nassau in the Bahama Islands for crew
and passengers traveling by aircraft destined for the
United States. With the admission of Hawall to
statchood, the Tmmigraton and Naturalization
Service's inspection of flights leaving Hawaii for
the mainland was discontinued.

Customs clearance at the Honolulu Airport was
specded up as a result of new baggage examination
facilities which include “supermarket” examina-
tion counters and an enlargement of the Customs
office space.

The Subcommittee approved a Standing Working
Group as a means to provide coordination among
the inspection agencies, other Government depart-
ments concerned, and industry, to review plans for
new or altered facilities for Customs, Immigration,
Public Health, and Agriculture, at domestic air-
ports handling international traffic in order to in-
sure the adequacy of such plans to speed up border-
crossing formalities.

The Federal inspection agencies at New York
International Airport, in order to relieve conges-
tion, arranged to enter and clear commercial air-
craft carrying only cargo in the cargo arca of the
airport. Private aircraft bound for Canada, under
certain conditions, may clear United States Customs
by telephone. Customs has provided that discharged
non-resident crew members returning home are
allowed to retain their personal effects duty free
up to 5200 in value.

In 1959, under the Committee’s policy for equal-
ity of treatment in the production of civil transport
aircraft with that of similar military aircraft, four
quarterly programs prepared by the Aircraft Claim-
ant Subcommittee were approved by the Committee.
These programs covered the construction and de-
livery of 798 multi-engined civil aircraft as follows:

1950 ..o 287
1960 ... . 327
1961 oo 156
1962 (First Quarter) ............ 28

798

Of this total, 443 aircraft were ordered by domestic
airlines, 184 by foreign airlines, and 171 were on
manufacturers’ production orders.

During the year 1959, in the legal area, coordina-
tion on the various pending draft conventions was
effected amongst the interested Government agencies
and with non-Governmental groups. The draft
Convention on the Legal Status of the Aireraft,
which was formulated by the Subcommittee on the
Legal Status of the Air(:r-al't in Montreal in Septem-
ber 1958, was the major business on the agenda of

a meeting of the ICAO Legal Committee at Munich,
Federal Republic of Germany, in August 1959. The
United States took a position that the scope of the
Convention should be limited to those offenses
which would involve or mav Iead to acts of violence
endangering the safety of the aircraft, or its passen-
gers, crew or cargo.

The draft Convention on Hire, Charter and Inter-
change, which was prepared in Tokvo, Japan, 1057,
was also an active subject of the Committee’s work
in 1959. The Committee recommended that the
draft be referred back to an ICAO Legal Subcom-
mittee because of certain ambiguities. The Com-
mittee also reaffirmed the United States policy taken
earlier in ICAO that discussion by the ICAO Legal
Committee of problems relating to sovereignty and
associated legal privileges and rights in the upper
levels of the atmosphere and outer space would be
premature at this time.

Finally, the Committee reviewed the draft Con-
vention on Aerial Collisions. The United States
now favors the adoption of a draft Convention on
this subject because of the unfortunate increase of
mid-air collisions. However, the United States still
opposes the principle of a single forum jurisdiction
which is contained in the present draft. Since the
draft Convention was adopted by an ICAO Legal
Committee back in 1954, the limits of liability con-
tained thercin are based on piston-type aircraft.
The United States, while it does not oppose the
concept of limited liability, believes that the pres-
ently suggested limit is unrealistic in the turbojet
age and should be scaled upward.

ATOMIC ENERGY COMMISSION

During 1959, the Atomic Energy Commission
continued research and development on the use of
nuclear energy for rocket and ramjet propulsion,
for manned aircraft, and for auxiliary power for
space missiles systems.

Project Rover is the study of nuclear rocket
propulsion which is being conducted by the Los
Alamos Scientific Laboratory, operated for the Com-
mission by the University of California. The initial
experimental reactor, named KIWI-A after the
flightless New Zealand bird, was given power tests
during July at the Jackass Flat area of the Nevada
Test Site. KIWI-A was a heat-exchanger device
operating on an open cycle, in which the propellant,
heated in the reactor cove, is expended to the atmos-
phere through a nouwle. Following the tests the
experimental reactor was disassembled and the
components are being studied by LASL scientists.
The studies are expected to help develop more ad-
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The first Test Exercise of CRAF was conducted
in August. This was called Exercise Snowflake and
the entire CRAF organization was put to a test
which was both realistic and extensive. One of the
most important and basic principles of CRAF plan-
ning was the rapid mobilization of a fully equipped
fleet ready to go as soon as possible but not later
than 48 hours following D- day. Exercise Snowflake
was a decided success and resulted in recommenda-
tions for further detailed refinements which would
assure the fullest utilization of the CRAF potential.

DATA responsibilities included planning for the
War Air Service Pattern (WASP) which is that part
of the total airlift of the civil air carriers which
would be required for a war economy. An Air
Priorities System with policies jointly determined by
the Departments of Commerce and Defense would
assure that essential air traffic would move on routes
designated by the CAB. An analysis of deficit and
surplus routes and equipment was undertaken
jointly by DATA, CAB and the airline industry,
and a standby order was issued covering specific
services to be performed by the airlines in the event
of an emergency.

In addition to plans for the use of scheduled and
non-scheduled airline aircraft for the CRAF and
WASP, DATA continued the development of the
NEDA (National Emergency Defense Airlift) plan
for the use of business and privately owned multi-
engine aircraft over the weight of 12,500 pounds in
support of civil defensc and other vital missions
under emergency conditions. This planning was
coordinated with OCDM with the cooperation of
aircraft owners and the appropriate State and local
officials.

Under Title XIII of the Federal Aviation Act of
1958 the Secretary of Commerce was given the power
to provide Aviation War Risk Insurance. This
power was delegated to the Defense Air Transporta-
tion Administrator. To implement this program,
DATA issued a general order and initiated an in-
terim binder program giving air carriers protection
in the event of war. During the last months of fiscal
year 1959 the general order was under revision so
that no premium insurance could be provided for
CRAF aircraft. An indemnity agreement was €n-
tered into between the Secretary or Defense and the
Secretary of Commerce providing that Defense
would repay to Commerce any amounts paid under
the no-premium CRAF insurance. At year’s end
this agreement was waiting expected favorable ac-
tion by the President.

The Administrator of DATA served as the Chair-
man of the United States delegation to the Civil

Aviation Planning Committee of NATO to carry
out the Department’s responsibilities for mobiliza-
tion of international civil aviation. A DATA staff
member was also the representative on The Plan-
ning and Logistics Working Group of the CAPC.
Two meetings of the Committees were held in
Paris, France during 1959.

FEDERAL COMMUNICATIONS COMMISSION

During 1959, FCC continued to regulate which
portions of the radio spectrum could be made avail-
able for radio communication and navigation facil-
ities to aircraft operators, aeronautical enterprises
and organizations which required radio transmit-
ting facilities for safety or other necessary purposes.

Stations aboard aircraft are utilized for communi-
cation and navigation. Included are special uses
such as flight testing. Ground stations include
aeronautical enroute, aeronautical fixed, operation-
al fixed, aeronautical advisory, aeronautical utility
mobile, airdrome control, flight test, flving school,
radio navigation, aeronautical public service air-
craft, aeronautical metropolitan station, aeronau-
tical search and rescue mobile stations, and Civil
Air Patrol. There were more than 77,000 licenses
and over 123,000 transmitters authorized in the
aviation services at the close of the year as con-
trasted with less than 700 licenses in 1935.

The Commission participated in the work of
various coordinating and policy-making groups in
the administration of the non-government aviation
services. 'The most critical area in this respect was
the continuing demand for additional radio usage
which must be accommodated within the available
radio frequency spectrum. Administrative steps to
assure maximum utilization of available facilities
were taken during the year through contact with
the providers and users of radio in the aviation
services.

Coordination was maintained through such
groups as the Radio Technical Commission for
Acronautics (RTCA), the Air Coordinating Com-
mittee  (ACC), and internationally through the
International Civil Aviation Organization (1CAO).

In October, FCC took steps to waive the citizen-
ship requirement and license certain aliens to oper-
ate radio on aircraft. More than 400 applications
had been received by year-end for aircraft radio
operation by aliens.

FISH AND WILDLIFE SERVICE
DEPARTMENT OF THE INTERIOR
During fiscal year 1959, the Fish and Wildlife

Service operated a fleet of 51 aircraft composed of

28 Pipers (Supercubs, Pacers, and J3Cs), 11 Grum-
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The Angeles National Forest in California also
maintained a trained helicopter team for primary
use in inaccessible fire areas. To support this and
other fire attack programs, helicopters were used to
lay fire hose, cascade small quantities of fire retard-
ants, drop helijumpcrs—speciully trained helicopter-
jumping fire fighters—and take part in scouting, and
equipment and personnel shuttling operations.

More fixed-wing aircraft were also used by the
Forest Service in fire control than ever before.
Acrial techniques were greatly improved largely as
a result of previous experience. Particular emphasis
was placed on safety through better organization
and equipment, improved pilot requirements, and
radio communication.

Air tankers, in support of ground fire fighters,
provided direct attack against fires by cascading
chemical fire retardants on critical spots. This
method has now been expanded from Western
regions to all other Forest Service regions.

As with other methods of aerial attack against
forest fires, smokejumpers participated in more
forest fire suppression work than in any other year.
A combined air attack program against forest fires
using smokejumpers, helicopters, and air-dropped
retardants has now become the most effective means
of controlling forest fires in remote mountain areas.

In forest pest control, aircraft was most effective in
combating various foliage destroying insects includ-
ing the spruce budworm, Douglas-fir tussock moth,
Saratoga spittlebug, and several other species. Dur-
ing 1959, aerial application of insecticides by the
Forest Service, state, and private owners was limited
to 175,000 acres. This is in sharp contrast to pro-
jects totaling over one million acres each during the
past several years. This reduction resulted partly
from successful pest control projects of past years,
and partly from concentration on controlling bark
beetles, which respond only to ground level attack
methods.

Research continued to improve the effectiveness
and reduce costs of aerial spraying. Special emphasis
during the year was plnced on spray atomization
from large aircraft such as the TBM and B-18.
These and similar airplanes were used extensively
in forest spraying throughout the country.

Aircraft, as in recent years, were valuable aids in
inspecting forests for early signs of insect outbreaks.
Normally, fixed-wing aircraft were adequate for
aerial insect detection surveys, but helicopters
proved to be extremely useful in special situations.

During fiscal year 1959, airplancs played a prom-
inent part in range management. Approximately
50,000 acres of national forest western rangeland

were sprayed with herbicides to eliminate unde-
sirable plants.

In the Intermountain Region, about 30,000 acres
were sprayed by fixed-wing aircraft, mostly to con-
trol sagebrush. The Region accomplished much of
this work through the use of a converted Navy
torpedo bomber. This plane minimized the loading
and ferrying time, and permitted the Region to take
advantage of all favorable weather conditions.
Costs for the operation averaged from $2.25 to S3.50
per acre.

The Northern Region used a helicopter during
the summer to control approximately 11,000 acres
of sagebrush and wyethia on the Beaverhead Na-
tional Forest in Montana. This was the first time a
helicopter had been used to control undesirable
plants on national forest ranges in this Region. Re-
ports indicated good results were obtained.

An interesting development in Forest Service
aviation concerns the world’s largest carnivore—the
Alaska Brown Bear. Aerial and foot surveys have
been conducted, in cooperation with the Alaska
Department of Fish and Game and the Bureau of
Sport Fisheries and Wildlife, to compare bear popu-
lation records with those of past years.

Helicopters have converted this arduous, time
consuming survey to a quick and enjoyable task.
Now a two-man helicopter team is flown upstream
above the salmon runs, which are easily seen from
the air. The men proceed downstream by foot,
measuring and counting bear tracks, until they meet
the helicopter at tidewater. Having collected per-
tinent data, they determine the number and size of
the bears, then fly to the next survey area.

NATIONAL AIR MUSEUM
SMITHSONIAN INSTITUTION

In a further attempt to fulfill its responsibility to
the Nation, the National Air Museum was in pro-
cess of planning all-new exhibits for the Aircraft
Building, which was being completely remodeled.
It was planned that the building would be opened
to the public on April 1, 1960. Latest exhibition
techniques were being applied in the design so that
the story of aviation will be displayed in the most
authentic detail.

This new exhibit was planned only as an interim
project, looking forward to the erection of the new
Air Museum building on the Mall. The Museum
staff was involved in planning with the architects
for this building, which was anticipated to be the
finest aviation museum in the world. Even though
not all of the aircraft and other specimens in the
National Aeronautical Collection can be accomo-
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whereby FAWS centers issue special advisories
concerning potentially hazardous weather develop-
ments, which are distributed to Air Traffic Com-
munications Stations of the Federal Aviation
Agency (FAA) for broadcast direct to aircraft in
flight.

In February a new High Altitude Forecast Service
was started as a routine function for turbine-
powered aircraft operations. Forecasts were issued
four times daily by seven Centers located at Idle-
wild, Washington, Miami, San Francisco, Anchor-
age, Honolulu, and San Juan. Forecast centers
located in the contiguous (continental) states ex-
change and distribute forecasts from a new landline
facsimile circuit which is connected to 14 other jet
airports throughout the country,

Specially designed, semi-automatic, closed-circuit
television briefing systems were procured for instal-
lation at five of the principal international flight
departure centers. Installations were made at New
York and Miami late in 1959, and additional instal-
lations were planned for operation at San Juan,
Chicago, and San Francisco. These closed circuit
TV brieling systems will program a series of charts
for areas covering long-range and high-altitude
flight operations before the TV viewer, together
with an oral discussion of the significant features
of the charts and their bearing on flight operations.

Eight new continuous transcribed aviation
weather broadcasts on FAA L/MF radio facilitics
were started during the year, bringing the total
to ten. Ultimate plans call for a national network
of 87 broadcasts operated in cooperation with the
FAA. These broadcasts provide pre-flight weather
information to pilots, especially to those at outlying
areas where no weather facilities are available, and
simultaneously provide pilots in flight with an
aerial description of weather developments, to-
gether with actual reports from at least eight air-
ports within a radius of about 250 miles.

In cooperation with the FAA, the Weather
Bureau participated in a number of studies de-
signed to determine the extent to which weather
factors affect air traffic management at congested
terminal arcas. Also, the Weather Bureau was co-
operating in FAA studies designed to bring out
the details of Aviation Weather Service require-
ments attendant to the principal phases of instru-
ment and visual flight operations on a nationwide
basis.

Significant progress was made in providing the
pilot with information specifically describing condi-
tions in the critical final approach zone. Additional
installations of sensitive equipment designed to

measure cloud height and visibility automatically
at the approach end of instrument runways were
completed at many vital terminals across the
country. Runway visual range, a unique applica-
tion of the visibility instrumentation which gives
horizontal visual guidance to the landing pilot in
terms of visibility of high intensity runway lights,
was operational at a few major air terminals with
many more installations planned.

A field study and evaluation of the approach visi-
bility parameter was concluded at Newark Airport,
New Jersey, by a Weather Bureau research group
in cooperation with the Air Force and the FAA.
The design of an operationally valuable system for
determining the slant visual range of the pilot on
final approach was completed using the end-of-
runway equipment mentioned above as basic com-
ponerts.

Automatic weather stations were in an advanced
stage of development. One of the most comprehen-
sive of such stations was activated at Galveston,
Texas, on July 19, 1959. Design work was being
conducted which should provide the capability for
automatically observing such additional elements as
sea-level pressure, cloud cover, cloud height, and
the occurance of the various forms of precipitation.

Forty-two improved radiotheodolites were pro-
cured for winds aloft observations. These are auto-
matic tracking, wind direction-finding sets operat-
ing on 1680 mc. By the end of calendar year 1959,
28 sets were expected to be in operation.

The Weather Bureau used a C-45H twin-motored
Beech aircraft to conduct forecaster familiarization
flights, to monitor the effectiveness of aviation
weather observations and forecasts, and to survey
storm damage and floods. Two DC-6As were leased
and one B-57 was obtained from the Air Force
for hurricane research.

Under agrecement with, and with financial sup-
port from, the National Aeronautics and Space
Administration the Weather Bureau organized a
Meteorological Satellite Section which is housed
in quarters near the National Metecorological
Center. The responsibilities of this group included
the design of meteorological experiments for satel-
lite research and the devising of techniques for
making meteorological measurements, taken by
earth satellites, available for current weather fOl‘E;-
casting operating by the National Meteorological
Center.

As of October 1, 1959, the Weather Bureau was
operating meteorological radar equipmem at R0
locations throughout the United States, with 16
more locations planned during the next year.
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IN PRODUCTION

AEROJET-GENERAL CORPORATION

AZUSA, CALIFORNIA

e MODEL: 15KS-1000 AIRCRAFT ROCKET ENGINE

Data
Type: Solid-propellant rocket.

Specs
Diameter: 10.30 in. Length: 3345 in. Empty Weight:
72 1b. Loaded Weight: 144 1b.

Performance
Rating: 1000 lb. thrust, or 400 horsepower, for 15 secs.

Equipment
The engine consists of a steel cylinder closed on the
fore end. The igniter is on the fore end, and the
exhaust nozzle and pressure release diaphragm are on
the aft end. Thrust is transmitted to the aircraft at-
tachment fittings through two mounting lugs welded
on the cylinder.

Remarks
The 15KS-1000 aircraft rocket engine was orviginally
developed as a smokeless JATO (jet-assisted takeoft
unit) for the Navy, Bureau of Aeronautics. It is one
of the two rocket engines certificated by the FAA.

e MODEL: 5KS-4500 AIRCRAFT ROCKET ENGINE

Data
Type: Solid-propellant rocket.

Specs
Diameter: 9.38 in. Length: 54.57 in. Empty Weight:
123 1b. Loaded Weight: 236 1b.

Performance
Rating: 4500 1b. thrust for 5 seccs.

Equipment
‘The engine consists of a steel cylinder closed on the
fore end. The igniter is on the forc end, and the

canted exhaust nozzle and the pressure release dia-
phragm are on the aft end. Thrust is transmitted to
the aircraft attachment iittings by two mounting lugs
welded on the cylinder.
Remarks

5KS-4500 units are used for the assisted takeoff of car-
rier-based aircraft, or whenever high thrust is required
for short duration. These engines are also employed
to propel high-velocity deceleration sleds.

MODEL: AJ10-24 BOOSTER ROCKET ENGINE

Data
Type: Liquid bi-propellant rocket, gas or chemically
pressurized.

Specs
Diameter: 15 in. Length: 130 in.

Equipment
Assembly consists of a cylindrical section which con-
tains the oxidizer, fuel and pressurizing tanks. The
pressure regulator and rocket motor are attached to
the tank section.

Remarks
This powerplant is used to propel the Aerobee high-
altitude sounding rocket in investigations of the upper
atmosphere.

MODEL: 15NS-250 AIRCRAFT ROCKET ENGINE
Data
Type: Solid-propellant rocket.
Specs
Diameter: 6 in. Length: 26.6 in. overall. Empty
Weight: 21 Ib. TLoaded Weight: 42 1b.
Performance
Rating: 250 Ib. thrust for duration of 15 secs. Nomi-
nal at 60°T.
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Equipment
The engine consists of a steel cylinder closed on the
forward end. The igniter is on the fore end, while the
exhaust nozzle and two pressure rclease diaphragms
are on the aft end. Thrust is transmitted to the at-
tachment fittings by two mounting Iugs welded on the
cylinder.

Remarks
The 15NS-250 “Junior JATO” aircraft rocket engine
was developed specifically for use as standby rocket
power on light aircraft. This engine received TFAA
Engine Type Certificate 250 on April 25, 1958. It is one
of the only two rocket engines to be so certificated by
the FAA.

MODEL: 2.2KS-11,000 ROCKET ENGINE
Data
Type: Solid-propellant rocket.
Specs
Diameter: 11.38 in. Length: 52.0 in. overall. Empty
Weight: 113 1b. Loaded Weight: 256 Ib.
Performance
Rating: 11,000 Ib. thrust for a duration of 2.2 secs.
Equipment
The engine consists of a steel cylinder closed on the
fore end. The igniter and the pressure release dia-
phragm are on the fore end, while the exhaust nozle
is on the aft end. Thrust is transmitted to the at-
tachment fittings by two mounting bands installed
around the cylinder.

Remarks ) )
2.2KS-11,000 units are employed to propel high-velocity
test sleds and may be employed as zero launch missile

boosters.

MODEL: 2.2KS-33,000 ROCKET ENGINE

Data
Type: Solid-propellant rocket.

Spees
Diameter: 1342 in. Length: 10950 in. overall
Empty Weight: 426 1b. Loaded Weight: 838 lb.

Performance
Rating: 33,000 1b. thrust for a duration of 2.2 secs.

Equipment
The engine consists of a steel cylinder closed on the
fore end. The igniter and the pressure release dia-
phragm are on the fore end and the adjustable nozzle
is on the aft end. The nozzle may be canted 1° above
the chamber center line to 22° below and 4° to either
side of the principal plane of adjustment. Thrust is
transmitted to the attachment fittings by two mount-
ing bands installed around the cylinder.

Remarks
2.2KS-33,000 units may be employed as zero launch
missile boosters or to propel high-velocity test sleds.

e MODEL: 40NS-4500 ROCKET ENGINE

Data
Type: Solid-propellant rocket.
Specs
Diameter: 16.03 in. Length: 1525 in. overall. Empty
Weight: 1382 1b. Loaded Weight: 2380 Ib.
Performance
Rating: 4300 lb. thrust for a duration of 40 secs.
Equipment
The engine consists of a steel cylinder closed on the
fore end. The igniter and the pressure releasc dia-
phragm are on the fore end while the exhaust nozle
is on the aft end. Thrust is transmitted to the air-
craft attachment fittings by mounting bands installed
around the cylinder.
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Remarks
40NS-4500 units may be employed for assist takeoff of
large aircraft.

e MODEL: AJ10-33 BOOSTER ROCKET ENGINE
Remarks

This triple thrust chamber, liquid-propellant, rocket
sled powerplant is the most powerful such unit ever
developed. Tt was designed and built for use at the
Hurricane Supersonic Research Site at Hurricane
Mesa, Utah, to test airplane cockpit ejection systems
for supersonic aircraft. This engine develops the
cquivalent of onc-half million horsepower during the
run, driving the sled at a maximum vclocity of 1600
ft. sec. with an acceleration of 8-10 g's. The use of
multiple thrust chambers makes possible the high
velocities noted above as well as hetter control of the
thrust level and consequent wide applications in the
rocket-sled field.

e MODEL: AJ10-37 BOOSTER ROCKET ENGINE

Remarks

The engine is used as the powerplant for the second
stage of the Vanguard, satellite-launching vehicle.
Performance data are classificd on this bi-propellant
liquid rocket engine. The sccond stage engine drives
the satellite and its third stage from the 40-mile first
stage burnout altitude to the second stage burnout alti-
tude of 130 miles. The vehicle then coasts to its orbital
altitude where a small amount of residual propellant
is burned to tip the vehicle over to a horizontal
position. The third stage engine then fires to complete
the satellite launching mission.

AIRCOOLED MOTORS, INC.

SYRACUSE, NEW YORK

¢ MODEL: FRANKLIN 6A4-165-B3

Data
Type: 6 cylinder, air-cooled, horizontally opposed.
FAA Type Certificate: 238.

Specs
Length: 27134, in. Fuel Grade: 80 octane. Bore: 4.5
in. Stroke: 3.5 in. Displacement: 335 cu. in. Com-
pression Ratio: 7:1. Dry Weight: 324 1b. with hub
and accessories. Weight per hp: 1.97 Ib.

Performance
Takeoff Power: 165 hp at 2800 rpm. Cruise: 124 hp
at 2200 rpm. Fuel Consumption: .5 lb. per hp hr.
Oil Consumption: .002 1b. per hp hr.

Equipment
Carburetor: Marvel-Schebler MA4-5 or Bendix PS5-C.
Tgnition: Dual Scintilla S6N21. Starter: Delco-Remy.
Generator: Delco-Remy. Fuel Pump: AC.

¢ MODEL: FRANKLIN 6V4-200-C32, C33

Data
Type: 6 cylinder, air-cooled, horizontally opposed.
FAA Type Certificate: 244.

Specs
Length: 2914, in. Fuel Grade: 91 octane. Bore: 4.5
in. Stroke: 35 in. Displacement: 335 cu. in. Com-
pression Ratio: 8.5:1. Dry Weight: 333 Ib. with ac-
cessories. Weight per hp: 1.66 Ih.

Performance

Takeoff Power: 200 hp. Fuel Consumption: 52 Ib.

per hp hr. Oil Consumption: .002 lb. per hp hr.










e MODEL: T61

Data
Tvpe: Propjet.

Specs
lL.ength: 142 in. Width: 33 in. Height: 45 in. Dry
Weight 2240 1h. Compressor Stages: 9-stage high pres-
sure, 6-stage low pressure. Turbine Stages: 2-stage high
pressure, 3-stage low pressure.

Equipment
Starter:  Govt. furn. equip.

Remarks
ESHP 6500 at 10,400 rpm at sea level conditions.

CONTINENTAL AVIATION & ENGINEERING

CORPORATION

DETROIT, MICHIGAN

e MODEL: 352-5A (J69-T-25)

Data
Type: Turbojet.

Specs
Diameter: 22.3 in. Length: 50 in. Fuel Grade: JP-4.
Dry Weight: 364 1b. Compressor Stages: 1. Turbine
Stages: 1.

Performance
Maximum Thrust: 1025. Normal Rated Thrust: 880.
Fuel Consumption: 1.12 (S.F.C)). Oil Consumption:
0.5 Ib./hr.

Equipment
Starter: Electric.

Remarks
Current production installation: Cessna T-37B USAF
Jet Trainer.

MODEL: 356-7A (J69-T-29)

Data
Type: Turbojet.

Specs o _
Diameter: 22.3 in. Length: 46 in. Dry Weight: 335 Ib.
Compressor Stages: 2. Turbine Stages: 1.

Performance .
Maximum Thrust: 1700. Normal Rated Thrust: 1375,
Fuel Consumption: 1.085 (S.F.C.). Oil Consumption:
1.0 1b./hr.

Equipment
Starter: Electric.

Remarks
. . . el T
Current production installation: Ryan )-2C “'Fircbee.

MODEL: 141

Data
Type: Gas Turbine Air Compressor.

Specs .
Length: 44.6 in. Width: 15.94 in. Total Weight: 197
Ib. Compressor Stages: 1. Turbine Stages: 2.

Performance . .
Rated Air hp: St'd day 191, 130°F 182. Air Delivery:
St'd day 22 lb.ssec. Delivery Pressure: St'd day,
PSIA 52.5. RPM: 35,000.

Equipment
Starter: Electric.

Remarks L,
Current production installation: Uscd.m 'I‘C—IOG
(USAF typc MA-1A) trailer mounted turbine air com-
pressor. Also suitable as powerplant for pressure-jet
helicopters.

CONTINENTAL MOTORS CORPORATION

MUSKEGON, MICHIGAN

MODEL: 0-470-J

Data
Type: 6 cvlinder, air-cooled, horizontally opposed,
FAA Type Certificate: 273.

Speecs
Length: 36.03 in. Width: 33.58 in. Displacement:
471 in. Bore: 5.00 in. Stroke: 4.00 in. Compression
Ratio: 7.0:1. Fuel Grade: 80/87 octane. Dry Weight:
415 1b., complete with accessories.

Performance
Rating: 225 hp at 2550 rpm at sea level.

Equipment
Carburetor: Marvel. Magneto: Scintilla. Starter:
Delco-Remy. Generator: Delco-Remy, 12 volt, 35 amp.

MODEL: 0-470-M

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Tvype Certificate: 273.

Specs
Length: 43.31 in. Width: 33.58 in. Displacement: 471
in. Bore: 5.00 in. Stroke: 4.00 in. Compression Ratio:
8.0:1. Fuel Grade: 91/96. Dry Weight: 450 Ib., com-
plete with accessories.

Performance
Rating: 240 hp at 2600 rpm at sea level.

Equipment
Carburetor: Bendix. Magneto: Scintilla. Starter:
Delco-Remy. Generator: Delco-Remy, 24 volt, 15 amp.

MODEL: 0-300-A & B

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 253.

Specs
Length: 36.38 in. Width: 3150 in. Displacement:
301.37 in. Bore: 4.0625 in. Stroke: $%.875 in. Compres-
sion Ratio: 7.0:1. Fuel Grade: 80/87. Dry Weight:
310.88 1b., complete with accessories.

Performance
Rating: 145 hp at 2700 rpm at sea level.

Equipment
Carburetor:  Marvel. Magneto: Scintilla. Starter:
DeICO»Remy. Generator: Delco-Remy, 12 volt, 20 amp.

MODEL: 0-470-K & L

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 273.

Specs
Length: 36.03 in. Width: 33.58 in. Displacement: 471
in. Bore: 5.00 in. Stroke: 4.00 in. Compression Ratio:
7.0:1. Fuel Grade: 80/87. Dry Weight: 438 lb., com-
plete with accessories.

Performance
Rating: 230 hp at 2600 rpm at sea level.
Equipment

Carburetor:  Marvel. Magneto:  Scintilla.  Starter:
Delco-Remy. Generator: Delco-Remy, 12 volt, 35 amp.

MODEL: A65-8F

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 205.
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Specs
Length: 30.41 in. Fuel Grade: 80/87 octane. Bore:

3.875 in. Stroke: 3.625 in. Displacement: 171 cu. in.
Compression Ratio: 6.3:1. Dry Weight: 176 1b.
Performance
Rating: 65 hp at 2300 rpm at sca level.
Equipment
Carburetor: Marvel. Ignition: Scintilla.

e MODEL: (85-12F
Data

Type: 4 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 233,

Specs
Length: 32 in. Fucl Grade: 80/87 octane. Bore: 4.062
in. Stroke: 3.625 in. Displacement: 188 cu. in. Com-
pression Ratio: 6.3:1. Dry Weight: 186 1h., complete
with accessories.

Performance
Rating: 85 hp at 2575 rpm at sea level.

Equipment
Carburetor: Stromberg. Ignition: Scintilla. Starter:
Delco-Remy. Generator: Delco-Remy, 12 volt, 20 amp.

e MODEL: C90-12F

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 252.

Specs
Length: 31.25 in. Fuel Grade: 80/87 octane. Bore:
4.062 in. Stroke: 3.875 in. Displacement: 20091 cu.
in. Compression Ratio: 7:1. Dry Weight: 186 1b.,
complete with accessories.

Performance
Rating: 90 hp at 2475 rpm at sea level.

Equipment
Carburetor:  Marvel. Ignition:  Scintilla.  Starter:
Delco-Remy. Generator: Delco-Remy, 12 volt, 20 amp.

e MODEL: E-185-9

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate: 246.

Specs
Length: 46.66 in. Fuel Grade: 80/87 octane. Bore: 5
in. Stroke: 4 in. Displacement: 471 cu. in. Compres-
sion Ratio: 7:1. Dry Weight: 350 1b,, complete with

accessories.
Performance
Rating: 205 hp at 2600 rpm at sea level.
Equipment
Carburetor:  Bendix. Ignition: Scintilla. Starter:

Provisions for direct cranking starter. Generator:
Delco-Remy, 12 volt, 35 amp. This engine also avail-
able with full AN accessory section.

e MODEL: E-225-4

Data
Type: 6 cylinder, air-cooled, horizontally opposed,

FAA Type Certificate: 267,

Specs
Length: 484 in. Fuel Grade: 80/87 octane. Bore: 5 in.
Stroke: 4 in. Displacement: 471 cu. in, Compression
Ratio: 7:1. Dry Weight: 393 1b,, complete  with
accessories.

Performance
Rating: 225 hp at 2650 rpm at sea level.

Equipment
Carburetor: Bendix.  Ignition:  Scintilla.  Starter:
Eclipse.  Gencerator:  Deleo-Remy, 12 volt, 35 amp.
This engine also available with full AN accessory
section.
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¢ MODEL: 0-470-2
Data

Type: 6 cvlinder, air-cooled, horizontally opposed,
FAA Type Certificate: 281,

Specs ) )

Length:  37.73 in. Width: 33.62 in. Displacement:

Bore: 5.00 in. Stroke: -L.00 in. Compression

471 in.
Ratio: 7.0:1. TIucl Grade: 100/130. Dry Weight: 474
Ib.
Performance ‘
Rating: 265 bhp at 2600 rpm at sca I L
Equipment o
Carburetor:  Bendix. Magneto:  Scintilla.  Starter:

Eclipse. Generator: Eclipse, 30 volt, 50 amp.

e MODEL: 0-470-15
Data
Type:

6 cylinder, air-cooled, horizontallv opposed,
FAA Type Certificate: 269.

Specs . .
p].cngth: 45.90 in. Width: 3341 in. Displacement:

Bore 5.00 in. Stroke: 4.00 in. Compression

471 in. .
Ratio: 7.0:1. Fuel Grade: 80/87. Dry Weight: 105 1b.
Performance
Rating: 213 bhp at 2600 rpm at sca level.
. t .
Bavipmen Magneto: Scintilla. Starter:

Carburetor: Stromberg. :
Bendix. Generator: Bendix, 24 volt, 50 amp.

e MODEL: GO-526

Data ) .
Type: 6 cylinder, alr-coole.d, horizontally opposed,
F./l\A Type Certificate:  Pending.

Spess 34.68 in. Displacement: 526

Length: 49.12 in. Width: : :
in. Bore: 5.125 in. Stroke: .25 in. Compression

Ratio: 7.0:1. Tuel Grade: 80/87. Dry Weight: 408
1h., complete with accessories.

Performance Y

Rating: 290 bhp at 3200 rpm at sea level.
Equipment o

1 CIa)rburctor: Bendix. Magneto: Scintilla.

e MODEL: 10-470-C

Datf}ype' 6 cylinder, air-cooled, horizontally opposed,
FAA Type Certificate:  273.
Specs . U Disol: .
rthe 56 in. Width: 33.58 in. isplacement:
L Stroke: 4.00 in. Compression

470 in. Bore: 5.00 in.
Ratio: 8.0:1. Fuel Gradc:_
1h., complete with accessories.

91,96. Dry Weight: 432

Performance

Rating: 250 bhp at 2600 rpm at sca level.
: i t . . .
Lqu(li!)gzleun‘etor' CMC Injector. Magneto: Scintilla.
; ' " Generator:  Delco-Remy, 12

Starter: Delco-Remy.
volt, 50 amp.

¢ MODEL: 10-470-D
Dmfll‘\'p(:' 6 cylinder, air-cooled horizontally opposed,
FAA Type Certificate: 3F2.
Sp(’lc??n'th' 4353 in. Width: 33.58 in. Displacement:
Nim Bo Stroke: 4.00 in. Compression

471 in. Bore: 5.00 in. ; .
Ratio: 8.6:1. TFuel Grade: 100/130. Dry Weight:

496.0 1. Total Weight: 466.5 1h.

Performance
Rating: 260 bhp at 2625 at sca level.

Equipment

Fuel Injector: Continental Motors. Magneto: Scintil-



la. Starter: Deleo-Remy. Generator:  Delco-Remy,

25 amp. 24 volt.

MODEL: 10-170-J
Data
Typer 6 evlinder, air-cooled. horizontally  opposed,
FAN Thpe Certificate 3151
Spees
Length: 8793 in. Width: 83358 in. Displacement:
470 in. Bore: 5.00 in. Stroke: -LO0 in. Compression
Ratio: 7.0:1. Fuel Grade: S0/870 Dryv Weight: 402 1b.
Performance
Rating: 225 bhp at 2600 rpm at sea level,
Equipment
IFuel Injector: Continental Motors. Magneto: Scintil-
la. Starter: Delco-Remy. Generator: Deleo-Remy. 55

amp. 12 volt.

MODEL: FS0-526-A
Data
Type: 65 cvlinder, fan-cooled, horizontally  opposed,
FAN Type Certificate: 202,
Specs
Length:  47.69 in. Width:  3$3.64 in. Displacement:
596 in. Bore: 5.195 in. Stroke: 425 in. Compression
Ratio: 7.0:1. Fuel Grade 91796, Drv Weight: 5638 Ib.
Performance
Rating: 270 bhp at 8200 rpm at sca level.
Equipment
Carburctor: Bendix. Magneto: Scintilla,
Remarks ]
This is a supercharged helicopter engine.

MODEL: GSO-526-A
Data
Type: 6 cyvlinder, air-cooled, horizontally opposed,
FAA Type Certificate: 303,
Specs
Length: 5228 in, Width: 34.68 in. Displacement:
596 in. Bore: 5.125 in. Stroke: 4.25 in. Compression
Ratio: 6.0:1. Fuel Grade: 100/130. Dry Weight: 549,
complete with accessories.

Performance
Rating: 340 hp at 3100 rpm at sea level.
Equipment o
Carburetor: Bendix. Magneto: Scintilla.  Starter:

Delco-Remy. Generator: Delco-Remy, 24 volt, 50 amp.

MODEIL: GO0-300-A

Data
Type: 6 cylinder, air-cooled, horizontally opposed,
FAA Tvpe Certificate: 298.

Specs
Length: 39.12 in. Width: 31.50 in. Displ:iccme‘m:
301 in. Bore: 4.0625 in. Stroke: 4.25 in. Compression
Ratio: 7.3:1. Fuel Grade: 80/87. Dry Weight: 312

Ib., complete with accessories.
Performance

Rating: 175 bhp at 3200 rpm at sca level.
Equipment

Carburetor: Marvel. Magneto: Scintilla.  Starter:
Delco-Remy. Generator: Delco-Remy, 12 volt, 25 amp.

MODEL: 0-470-H
Daita
Type: 6 cylinder, air-cooled, horizontally opposed, wet
sump, FAA Type Certificate: 973,
Spees
Length: 67.65 in. Width: 33.58 in. Displacement:
471 in. Bore: 5.00 in. Stroke: 4.00 in. Compression
Ratio: 8.0:1. Fuel Grade: 91/96. Dry Weight: 471.75
Ih. Total Weight: 510.00 1b.

Performance
Rating: 240 bhp at 2600 rpm at sea level.
Equipment
Carburetor: Bendix. Magneto: Scintilla. Starter:

Delco-Remy. Generator: Delco-Remy, 12 volt, 25 amp.
Remarks

Engine has a direct drive spline tvpe extended pro-

peller shaft. This is a pusher tvpe engine.

e MODEL: 0-200-A

Data
Type: 4 cvlinder, air-cooled, horizontally opposed,
wet sump, FAA Type Certificater 252,

Specs
Length: 2853 in. Width: 38156 in. Displacement:
201 in. Bore: 4.062 in. Stroke: 3.875 in. Compression
Ratio: 7.0:1. Yuel Grade: 80/87. Drv Weight: 189.69
Ib. Total Weight: 220.00 1b., with accessories.

Performance
Rating: 100 bhp at 2750 rpm at sea level.

Equipment
Carburetor:  Marvel. Magneto: Scintilla.  Starter:

Delco-Remy. Generator: Delco-Remy, 12 volt, 20 amp.

GENERAL ELECTRIC COMPANY

AIRCRAFT GAS TURBINE DIVISION
CINCINNATI, OHIO

e MODEL: CJ-805-3,-3B

Data
Type: Commercial turbojet engine, single rotor, vari-
able stator.

Specs
Length: 109.56 in. (188.94 in. with reverser/suppressor).
IFrame Size: 32 in. Compression Ratio: 13:1. Total
Weight: 2800 1b. Compressor Stages: 17 (6 variable).
Turbine Stages: 3.

Performance
Maximum Thrust: 11,200 1b. at 086 sfc. Normal Rated
Thrust: 9500 1h. at .738 sfc. Maximum Cruise Thrust:
8850 1h. at .728 sfc.

Remarks
Current production installation: Convair 880.

e MODEL: CJ-805-23

Data
Type:  Commercial turbofan engine. Single rotor.,
variable stator, aft fan.

Specs
Length: 144 in. Width: Basic Fngine, 32 in., Aft
fan, 53 in. Compression Ratio: Basic Engine, 18:1, Aft
fan, 1.6:1. Total Weight: 3825 Ib. Compressor Stages:
17. Turbine Stages: 3.

Performance
Maximum Thrust: 16,100 1b. at .541 sfe. Normal Rated
Thrust: 13700 1b. at 505 sfc. Maximum Cruise
Thrust: 18.8300 1b. at 504 sfc.

Remarks
Cwrrent production installation:  Convair 600 luxury
jetliner, ’

e MODEL: J79-GE-2, -3A, -5\, -7
Data

Type: Military turbojet.
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Performunce
Maximum Reheat Thrust, SIS, Standard Dav: 3850 1b.

Military Thrust. SLS, Standard Day: 2500 1b. Power to
Weight Ratio: 7-3:1. Specific Weight:  .136.
Equipment
Afterburner. Starter: Air Impingement.
Remarks
Scheduled production installation:  Northrop N-1561:
Northrop T-38; Radiopline Q+4-B. J85-5 has success-
fullv run its official 50 hr. PFRT.

MODEL: J85-7

Data
Type: Turbojet—missile configuration.

Specs
Diameter: 17.7 in. Length: 42 in. TFuel Grade: JP-1.
Total Weight: 325 Ih. Conmpressor Stages: 8. Turbine
Stages: 2.

Performance
Military Thrust: 2450 Ib., SIS, Standard Dav. Power to
Weight Ratior 7.5:10 Specific Weight: 182,
Equipment
Starter: Air Impingement.
Remarks

Scheduled production installation: McDonnell GAM-72.
J85-7 has successfully run its official QT.

LYCOMING DIVISION

AVCO CORPORATION
STRATFORD, CONNECTICUT

MODEL: T53-L-1A (LTC1B-2)

Data
Type: Shaft turbine engine.

Specs
Diameter: 23.0 in. Length: 47.6 in. Width: 23.0 in.
Pressure Ratio: 6:1. Fuel Grade: Mil-F-5624 Grade
JP-4. Dry Weight: 484 Ib. Compressor Stages: 50
axial plus I cent. Turbine Stages: 1 compressor, 1
free power.

Performance
Maximum SHP: 860 military. Normal Rated SHP:

770. Fuel Consumption: 0.735 ESFC at military power.

Remarks

Development was sponsored by Army and Air Force on
this single stage free-type power turbine, combination
axial-centrifugal compressor driven by a single stage
turbine, and external annular vaporizing combustor
engine. Current  production  installation: Bell
H40/HUi-1; Kaman H43B. Also installed in prototype
vehicles: Ryan Model 92; Doak Model 16; Vertol Model
76; Bu Ships “Halobates” Boat, Army “Flying Duck.”
Vertol Model 105; Vertol Model 107.

¢ MODEL: T53-L-3 (LTCIF-1)

Data
Type: Turboprop.

Specs
Diameter: 23.0 in. Length: 584 in. Width: 23.0 in.
Pressure Ratio: 6:1. Fuel Grade: JP-4. Dry Weight:
530 Ib. Compressor Stages: b axial plus 1 cent. Tur-
bine Stages: 1 compressor plus 1 frce power.

Peri?i?:f::fn? SHP: 960. Normal Rated SHP: 825. I-T:x?
Consumption: .635 ESFC at takeoff. Oil Consumption:
.1+ gal. per hr.
Remarks .
Developed under sponsorship of Army and_:\lr Fc_)ir.lcﬁ
on this single stage free-type power turbine. 11\ ‘]6
centrifugal compressor driven by single stagc rur :%Im'
and external annular vaporizing combustor an;l(;_l-
Scheduled for production for use in Grumman \ -
Mohawk high-performance observation plane for AT

MODEL: T53-L-5 (LTC1K-1)
Data
Type: Shaft turbine engine.
Specs i
P Diameter: 23.0 in. Length: 47.6 in. Width: 2(;0 m:
Pressure Ratio: 6:1. Fuel Grade: JP+. D1y \\.81."%1?{'
185 1b. Compressor Stages: 5 axial plus 1 centrifugal.
Turbine Stages: 1 compressor plus 1 free power.
Performance
Maximum SHP: 060 takcoff. Normal Rated SHP'-
825. Fuel Consumption: 0.664 ESFC at takeoft.
Remarks .
Development funded by Army. This engine is a Sh'ﬂft
turbine version of the T53-1.-3 turboprop embod_f"mg
Lycoming’s “Universal Engine” concept. Only differ-
ence between these two engines is in reduction gear ‘zmd
fuel control. For use in growth versions of vehicles
presently using T53-L-1. Scheduled for Bell HU-1B.

MODEL: T55-L-3 (LTC4B-2)

Data
Type: Shaft turbine engine.

Specs
Diameter: 24.25 in. Length: 44.04 in. Width: 24.25
in. Pressure Ratio: 6:1. Fuel Grade JP-+. Dry
Weight: 600 1b. Compressor Stages: 7 axial plus 1
cent. Turbine Stages: 1 compressor plus 2 free power.

Performance
Maximum SHP: 1900 military. Normal Rated SHP:
1700 Fuel Consumption: .641 ESFC at military power.
Oil Consumption: .25 gal. per hr.

Remarks
Engine has two stage free-type power turbine combina-
tion axial-centrifugal compressor driven by a single
stage turbine, and external vaporizing annular com-
bustor.

MODEL: T55-L-1 (LTC4A-1)

Data
Type: Turboprop.

Specs
Diameter: 2425 in. Length: 5885 in. Width: 24.25
in. Pressure Ratio: 6:1. Fuel Grade: JP-4. Drv
Weight: 695 1b. Compressor Stages: 7 axial plus 1
cent. Turbine Stages: 1 compressor plus 2 free power.

Performance
Maximum SHP: 1600. Normal Rated SHP: 1325.
Fuel Consumption: .648 ESFC at takeoft. Oil Con-
sumption: .25 gal. per hr.

Remarks
Engine has 2-stage frec-type power turbine combina-
tion axial-centrifupal compressor driven by a single
stage turbine, and external vaporizing annular com-
bustor.

MODEL: T55-L-5 (LTCAB-7)
Data

Type: Shaft turbine engine.
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Specs

Diameter: 24.25 in. Length: 44.0 in. Width: 2425 in.
Pressure Ratio: 6:1. Fuel Grade: JP4. Dry Weight:
560 Ib. Compressor Stages: 7 axial plus 1 centrifugal.

Turbine Stages: 1 compressor plus 2 free power.
Performance
Maximum SHP: 1940 military. Normal Rated SHP:

1740. Tuel Consumption: 0.629 ESFC at military power.

Oil Consumption: 25 gal. per hr.

Remarks
High speed version of T535-1.-3. Output shaft speed
equal to power turbine speed. Scheduled for produc-
tion for use in Vertol YHC-1B “Chinook™ cargo heli-
copter for Army. FEmbodies Lycoming’s “Universal
Fngine” concept.

LYCOMING DIVISION
AVCO CORPORATION
WILLIAMSPORT, PENNSYLVANIA

e MODEL: 0-235-C1

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
115 hp. FAA Type Certificate: 223,

Specs
Length: 29.56 in. Fucl Grade: 80 octane. Bore: 4.375
in. Stroke: 3.875 in. Displacement: 233.3 cu. in.
Compression Ratio: 6.75:1. Dry Weight: 236 1b. with
hub and accessories. Weight per hp: 2.05 1h.

Performance
Takeoff Power: 115 hp 2800 rpm. Cruise: 86 hp at
2350 rpm. JFuel Consumption: .52 Ib. per hp hr. Oil
Consumption: .012 1b. per hp hr.

Equipment
Carburetor: Marvel-Schebler MA-3A. Ignition: Dual
Scintilla S4L.X-21.  Starter:  Delco-Remy. Generator:
Delco-Remy.

e MODEL: 0-290-D2B

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
direct drive, 140 hp. FAA Type Certificate: 229,

Specs
Length: 29.56. Width: 32.24. Height: 22.81. Bore:
4.875. Stroke: 3.875. Compression Ratio: 7.0:1. Dis-
placement: 289.0 cu. in. Weight: 264 Ib. Fuel Grade:
80/87.

Performance
‘Takeoff Power: 140 hp at 2800. Rated Power: 135 hp
at 2600 rpm. Fuel Consumption: 6.5 gal. per hr. at
2250 rpm, economy cruise.

Equipment
Carburetor:  Marvel-Schebler MA-3IFPA.  Magnetos:
Scintilla S41.N-20 and S4I1.N-21. Generator: Delco-
Remy, 12 volt. Starter: Delco-Remy.

e MODEL: 0-320-A2B

Data
Type: 4 cylinder, air-cooled, horizontally opposed,
direct drive, 150 hp. FAA Type Certificate: 274.

Specs
Length: 29.56. Height: 23.12. Width: 32.24. Bore:
5.125. Stroke: 3875, Displacement: 319 cu. in. Com-
pression Ratio: 7.00:1. Weight: 272 Ib. Fuel Grade:
80/87.

Performance
Takeoff aud Rated Power: 150 hp at 2700 rpm. Fuel
Consumption: 8.2 gal. per hr. at 2350 rpm, economy
cruise.
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Equipment
Carburctor:  Marvel-Schebler  MA-4SPA. Magnetos:
Scintilla 8§41.N-20 and S41.N-21.  Generator:  Delco-
Remy, 12 and 21 volt. Starter: Delco-Remy.

e MODEL: 0-320-B2B

Data
Type: 4 cvlinder, air-cooled, horizontally opposed,
direct drive, 160 hp. TFAA Type Certificate: 274

Specs )
Length: 29.56. Width: 32.24. Heiv"t: 23.12. Bore:
5.125. Stroke: 3.875. Displacement: J cu. in. Com-

pression Ratio: 8.5:1. Fuel Grade: 91/96.

Performance _ ]
Takecoff and Rated Power: 160 hp at 2700 rpm. TFuel
Consumption: 8.2 gal. per hr. at 2350 rpm, cconomy
cruise.

Equipment
IC?’t)rhurcmr: Aarvel-Schebler  MA-4SPAL Magnetos:

Scintilla S4I.N-20 and S4LN-21. Generator:  Delco-
Remy, 12 or 24 volt. Starter: Delco-Remy, 12 or 24

volt.

e MODEL: 0-340-A1A
Data

Type:

rect drive, 170 hp.

4 cvlinder, air-cooled, horizontally opposed, di-
’ FAA Type Certificate: 277,

Specs . Q0 = folit: 9455 o
Length: 29.56. Width: 32.55. _nghl: _»l..)iv. Bm.c.
5.125. Stroke: 4.125. Compression Rzlt_lo: 8.5:1. Dis-
3404 cu. in. Weight: (with starter and

lacement:
b Fuel Grade: 91/96.

generator) 278 1b.

Perfl?arl»:::l(z)lflf"ﬁ)d Rated Power: 170 hp at 2700 rpm. Fuecl

Consumption: 8.5 gal. per hr. at 2350 rpm and 65 per-

cent rated power.

Lquipment . .
EunlZI':xl‘burcmr: Marvel-Schebler MA4-5. Magnetos:  Scin-

tilla S4LN-20 and §41.N-21. Generator: Delco-Remy,
12 volt. Starter: Delco-Remy.

e MODEL: 0-360-A1A

Data fnd
Type: 4 cylinder,
hg? FFAA Type Certificate:  286.

air-cooled, horizontally opposed, 180

Specs
Length: 29.56 in. ;
Displacement: 361 cu. In.
4.375. Compression Ratio:
Dry Weight: 285 1b.
qulég;gﬁlr]cttor: Marvel-Schebler MA4-5. Magnetos: Scin-
tilla S4I.N-20, S4L.N-21. Starter: Declco-Remy. Gener-

ator: Delco-Remy.

Wwidth: 33.37 in. Hecight: 2159 in.
Bore: 5.125 in. Stroke:
8.50:1. Fuel Grade: 91/96.

e MODEL: 0-360-B1A

Dm?l’ypc: 4 cylinder, air-cooled, horizontally opposed, 180
hp. FAA Type Certificate: 286.

Specs ) ] )
Length: 2956 in. Width: 38.37 in. Height: 2459 in.
Displacement: 361 cu. in. Bore: 5.125 in. Stroke:
4.375. Compression Ratjo: 790:1. Fucl Grade: 80/87.

Performance
Takeoff and Rated Power: 168 hp at 2700 rpm.

Equipment )
Carburetor: Marvel-Schebler MA4-5. Magnctos:  Scin-
tilla S41.N-20, S41.N-2]. Starter: Delco-Remy. Gener-
ator: Delco-Remy.






Equipment
Carburetor: ~ Marvel-Schebler MA-6AA.  Magnceto:
Scintilla SGRN-200, S6LN-204.

e MODEL: GO-435-C2B2-6

Data
Type: 6 cylinder, horizontally opposed, geared, air-
cooled, 240 hp. FAA Type Certificate: 228,

Specs
Height: 28.02. Length: 38.64. Width: 33.12 in.
Displacement: 430.0 in. Bore: 4.875 in. Stroke: 3.875.
Compression Ratio: 7.3:1. Fuel Grade: 80/87. Dry
Weight: 430 1b.

Equipment
Carburetor: Marvel-Schebler MA4-5. Magnetos: Scin-
tilla S6LLN-20, and S6LN-21.

e MODEL: GO-480-B1A6, -B1D

Data
Type: 6 cylinder, horizontally opposed, air-cooled, gear
drive, 270 hp. FAA Type Certificate: 275.

Specs
Length: 38.6%¢ in. Width: 33.12 in. Height: 28.02 in.
Bore: 5.125 in. Stroke: 3.875 in. Displacement: 479.7.
Compression Ratio: 7.3:1. Weight: 432 1b. TFuel
Grade: 80/87.

Performance
Takeoff Power: 270 hp at 3400 rpm (2180 prop rpm).
Rated Power: 260 at 3000 rpm. Fuel Consumption:
14.1 gal. per hr. at 2600 rpm, economy cruise.

Equipment
Carburetor:  Bendix-Stromberg PS-5BD. Magnetos:
Scintilla S6LLN-20, S61.N-21.

e MODEL: GO-480-G1A6

Data
Type: 6 cylinder, horizontally opposed, geared, air-
cooled, 295 hp. FAA Type Certificate: 275.

Specs
Height: 28.02 in. Length: 38.64 in. Width: 33.12 in.
Displacement: 480 cu. in. Bore: 5.125 in. Stroke:
3.875 in. Compression Ratio: 8.70:1. Fuel Grade:
100/130. Dry Weight: 439 1h.

Performance
Takeoff Power: 295 hp at 3400 rpm. Rated Power:
280 hp at 3000 rpm.

¢ MODEL: GO-480-G1B6

Data
Type: 6 cylinder, reduction gear drive, horizontally
opposed, air cooled, 295 hp. FAA Type Certificate: 275.

Specs
Length: 40.04. Width: 33.12. Height: 27.46 in. Bore:
5.125 in. Stroke: 3.875 in. Compression Ratio: 8.70:1.
Displacement: 479.7 cu. in. Weight: 464 1h. Fuel
Grade: 100/130.

Performance
Takeoff Power: 295 hp at 3400 rpm. Rated Power: 280
hp at 3000 rpm. Fuel Consumption: 13.0 gal. per hr.
at rated speed and 60 percent rated power.

Egquipment
Carburetor: Bendix Stromberg PS-5BD. Magnetos:
Scintilla S6LLN-20 and S6RN-21.

¢ MODFEL: GO0-480-G2D6
Data
Type: 6 cylinder, gear drive, horizontally opposed, air-
cooled, 295 hp. FAA Type Certificate: 275.
Specs
Height: 28.02. Tength: 4059, Width: 33.12. Bore:
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51925 in. Stroke: 3.875 in. Compression Ratio: 8.70:1.
Displacement: 479.7 cu. in. Weight: 442 1h. Fuel Grade:
100/130.
Performance
Takeoff Power: 295 hp at 3400 rpm. Rated Power: 285
hp at 3100 rpm. Fuel Consumption: 13.5 gal. per hr.
at rated speed and 60 percent rated power.
Equipment
Carburetor: Bendix-Stromberg  PS-5BD.  Magnetos:
Scintilla S61.N-20, S6L.N-21.

MODEL: GS0O-480-B1A6

Data
Type: 6 cylinder, horizontally opposed, geared, super-
chAarng, 340 hp. FAA Type Certificate: 284,

Specs )

P Length: 49.86. Hceight: 58.08. Width: 33.12. Bore:
5.195. Stroke: 3.875. Displacement: 479.7. Compression
Ratio: 7.3:1. Weight: 498 1h. Fuel Grade: 100/130.

Performance
Takeoff Power: 340 hp at 3400 rpm (2180 prop. rpm).
Rated Power: 320 hp at 3200 rpm. Fuel Consumption:
16.0 gal. per hr. at 60 percent rated power at 2600 rpm.

ipment o ‘ ]
Equégll‘;)uretor: Bendix PS-7BD. Magnetos: Scintilla S61.N-

20 and S6RN-21.

MODEL: GS0-480-B1B6 (0-480-1)
DmaTypc: 6 cylinder, horizontally opposed, geared, super-

charged, 340 hp. FAA Type Certificater 284

Spelcf:ngth: 46.92. Height: 33.26. Width: 33.12. Bore:
";12"). Stroke 3.875. Displacement: 479.7 cu. in. Com-

pression Ratio: 738:1. Weight: 500 ib. Fuel Grade:

100/130.

ance
Perfl?;l?el;ﬁ Power: 340 hp at 3400 rpm ~(2180 prop. rl?n])_
Rated Power: 320 hp at 3200 rpm. TFuel Consumption:

16.0 gal. per hr. at 60 pereent rated hp and 2600 rpm.

Equipment
Carburetor:
S6L.N-20, S6RN-21.

Bendix PSH-7BD. Magnetos: Scintilla

MODEL: GS0-480-B1C6
Dalf} e: 6 cylinder, horizontally OPPOSCd, geared, super-
clfa};g'cd. 340 hp. FAA Type Certificate 284.

Specs
Height: :
Displacement: 480 11-1.
in. Compression Ratio:
Dry Weight: 497 1b.

Perf\;};gf::}t:g}f Thrust: Takeoff 340 at 3400 rpm. Normal

Rated Power 320 at 3200 rpm. Fuel Consumption: 16
gal. per hr. 609% rated power 2600 rpm. Takeoff and
rated power to 8000 ft. altitude.

Equipment )
Carburetor: Bendix
S6LIN-20, S6RN-21.

Remarks
Current production
Super Gull.

929 56 in. Length: 52.18 in. Width: 33%.12 in.
: Bore: 5.125 in. Stroke: 3.875%
7.%:1. Fuel Grade: 100/130.

PSH-7BD. Magneto: Scintilla

installation:  Trecker P136-L-2

MODEL: GS0-480-B2D6

Data )
Type: 6 cylinder, horizontally opposcd, gcared, super-
charged, 340 hp. FAA Type Certificate 284.



Spees

Height: 2256 in. Length: 47.06 in. Width: 33.12 in.

Displacement: 80 in. (3) . Bore: 5.125 in. Stroke:

3875 in.  Compression Ratio:  7.3:1.  Fuel Grade:
100/130. Dry Weight: 403,
Performance

Takeoff 340 at 3400 rpm 60, rated power. Normal
Rated Power: 320 at 3200 rpm. Iuel Consumption:
16 gal. per hr. 2600 rpm.

Equipment
Carburetor:  Bendix PSD-7BD. Magneto:  Scintilla
SGILN-20, SGRN-21.

Remuarks
Current  production installation:  McKinnon Enter-
prises +-engine model G-21A Goose Conversion.

MODEL: O-540-A1B5,-A1C5

Data
Type: 6 cvlinder, air-cooled, horizontally opposed,
direct drive, 265 hp. FAA Type Certificate: 295.

Specs
Length: 37.22. Height: 25.81. Width: 33.37. Bore:
5.125. Stroke: 4.375. Displacement: 541.5 cu. in. Com-
pression Ratio:  85:1.  Weight: 397, TFuel Grade:
91/96.

Performance
Takeofl Power: 265 hp at 2800 rpm. Rated Power: 260
hp at 2700 rpm. Fuel Consumption: 12 gal. per hr. at
cconomy cruise.

Equipment
Carburetor: Marvel-Schebler MA4-5. Magnetos: Two
Sciutilla, S6L.N-21. Generator: Delco-Remy 12 or 24
volt. Starter: Delco-Remy.

MODEL: S0-580-A1B (0-580-3)

Data
Type: 8 cylinder, air-cooled, opposed, supercharged,
for horizontal or vertical helicopter installation, 400
hp. FAA Type Certificate: 285.

Specs

Length: 46.67. Width: 33.12. Height: 2458. Bore:
4.875. Stroke: 3.875. Compression Ratio: 7.3:1. Dis-
placement: 578 cu. in. Weight: 578 1b. Fuel Grade:
100/130.

Performance
Takeoff Power: 400 hp at 3300 rpm. Rated Power:
350 hp at 3000 rpm. Fuel Consumption: 165 gal. per
hr. at rated speced and 80 percent rated power.

Equipment
Carburetor: Bendix PS-9BDE. Magncetos: Scintilla (2)
S4LLN-20 and (2) S4RN-21.

MODEL: IGS0-480-A1A6

Data
Type: 6 cylinder, horizontally opposed, geared and
supercharged, fuel injection, air-cooled, 340 hp. FAA
Type Certificate: 284,

Specs

Height: 23.29 in. Length: 47.56 in. Width: 33.12 in.
Displacement: 480 cu. in. Bore: 5.125 in. Stroke:
3.875 in. Compression Ratio: 7.30:1. Fuel Grade:
100/130. Dry Weight: 496 1b.

Performance
Takeoff Power: 340 hp at 3400 rpm. Rated Power: 320
hp at 3200 rpm. Iucl Consumption: 15.8 gal. per hr. at
60 percent rated power.

Equipment
Fuel Injector: Simmonds Type 570. Magneto: Scintilla
S6L.N-20, -21, -64, -61.

Remarks
Current production installations: Beechcraft Twin-

Bonanza, Beechcraft Queen Air, Aero Design Altdi-
Cruiser.

e MODEL: IMO-360-A1A

Data
Type: 4 cvlinder, horizontally opposed, air-cooled,

fuel injection, drone, 180 hp.

Specs
Height: 1747 in. Length: 34.36 in. Width: 33.37 in.

Displacement: 360 cu. in. Bore: 5.125 in. Stroke:
4.375 in. Compression Ratio: 8.50:1. TFuel Grade:
91/96. Drv Weight: 251 1b.
Performance
Takeofl and Rated Power: 180 hp at 2700 rpm. Fuel
Consumption: 10.5 gal. per hr. at 75 percent rated
power.
Equipment
Fuel Injector: Simmonds. Magneto: Scintilla S4L.N-21.
Remarks
Current production installation: Aerojet-General AN/
USD-2 Surveillance Drone for Army.

e MODEL: IMO-360-B1B
Data
Type: 4 covlinder, horizontally opposed, air-cooled,
fuel injection, drone, 230 hp. at 3400 rpm.
Specs
Height: 17.49 in. Length: 32.68 in. Width: 34.25 in.
Displacement: 360 in. (3). Bore: 5.125 in. Stroke:
4.8375 in. Compression Ratio: 8.7:1. Fuel Grade: 100/
130. Dryv Weight: 274 1h.
Performance
Takeoff and Rated Power: 230 hp. at 3400 rpm. Tull
throttle fuel consumption: 22 gal. per hr.
Equipment
Fuel Injector: Simmonds Type 580. Magnetos: Scin-
tilla S4I.N-21.
Remarks
Current production installation: Aerojet-General Sur-
veillance Drone.

PRATT & WHITNEY AIRCRAFT DIVISION

UNITED AIRCRAFT CORPORATION
EAST HARTFORD, CONNECTICUT

® MODEL: TWIN WASP D SERIES (R-2000)

Data
Type: !4 cylinder, air-cooled, radial. FAA Type Cer-
tificate: 230.

Specs
Diameter: 49.1 in. Length: 59.66 in. Fuel Grade: 100/
130. Bore: 5.75 in. Stroke: 5.5 in. Displacement: 2004

1
5:1. Dry Weight: Single

cu. in. Compression Ratio: 6.5:1.
speed, 1585 1b.; two speed, 1605 1b.
Performance
Takeoff: 1450 at 2700 rpm and 1000 ft. Normal Rated
Power: 1200 hp at 2550 rpm and 5000 ft.
Fquipment
Carburctor: Stromberg PD-12F13. Ignition: two Scin-
tilla SFI4LN-8.
Remarks
Powers Douglas C-54 military transport and the com-
mercial version, the DC-4.
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Performance
Maximum Thrust: 24,500 (afterburning). Normal
Rated Thrust: 14,300. Military Rated Thrust: 16,100.

Remarks
Current production installation: Convair F-106, mili-
tary.

e MODEL: JT4A-29 (J75-P-19W)
Data
Type: Axial-flow turbojet.
Specs
Diameter: 43.0 in. Fuel Grade: JP4. Dry Weight:
5960 Ib. Compressor Stages: 15. Turbine Stages: 3.

Performance
Maximum Thrust: 26,500 (afterburning plus water)
24,500 (afterburning). Normal Rated Thrust: 14,300.

Military Rated Thrust: 16,100.

Remarks
Current production installation:  Republic F-105,

military.

e MODEL: JTI12A-5 (J60-P-3)
Data
Type: Axial-flow turbojet.
Specs
Diameter: 219 in. Fuel Grade: JP4, JP5. Dry
Weight: 436 1b. Compressor Stages: 9. Turbine
Stages: 2.

Performance
Maximum Thrust: 3000. Normal Rated Thrust:
2400. Military Rated Thrust: 3000.

Remarks
Current production installation: military.

e MODEL: JT12A-6
Data
Type: Axial-flow turbojet.
Specs
Diameter: 21.9 in. Fuel Grade: JP4, JP5. Dry Weight:
436 1b. Compressor Stages: 9. Turbine Stages: 2.

Performance
Maximum Thrust: 3000. Normal Rated Thrust: 2300.

Maximum Continuous Thrust: 2400. Maximum Cruise
Thrust: 2140.

Remarks
Current production installation: commercial, Lockheed

JetStar.

e MODEL: JT12A-7 (J60-P-)
Data
Type: Axial-flow turbojet.
Specs
Diameter: 21.9 in. Fuel Grade: JP4, JP5. Dry Weight:
(steel) 465 lb., (titanium) 440 1b. Compressor Stages:
9. Turbine Stages: 2.

Performance
Maximum Thrust: 3300. Normal Rated Thrust:

2650. Military Rated Thrust: 3000,

Remarks
Current production installation: military.

e MODEL: JT12A-8
Data
Type: Axial-flow turbojet.
Specs
Diameter: 21.9 in. Fuel Grade: JP4, JP5. Dry Weight:
465 1b. Compressor Stages: 9. Turbine Stages: 2.

Performance
Maximum Thrust: $300. Normal Rated Thrust: 2650.

Maximum Continuous Thrust: 2650. Maximum
Cruise Thrust: 2300.
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Remarks
Current production installation: commercial.

MODEL: JT12A-21 (J60-P-)
Data
Tvpe: Axial-flow turbojet.
Specs
Diameter: 21.9 in. Tuel Grade: JP4, JP5. Dry Weight:
645 Ih. Compressor Stages: 9. Turbine Stages: 2.
Performance
Maximum Thrust: 1025 (afterburning). Normal
Rated Thrust: 2350. Military Rated Thrust: 2920.
Remarks
Current production installation: milita

ROCKETDYNE DIVISION

NORTH AMERICAN AVIATION, INC.
CANOGA PARK, CALIFORNIA

MODEL: MA-3 ATLAS

Data
Type: Liquid propellant rocket engine utilizing 1.OX
and RP-1 fuel.

Performance
Rating: 360,000 1b. thrust at sca level.

Equipment
The Atlas MA-3 rocket engine consists of a regenera-
tively cooled twin-chamber booster engine, a single-
chamber sustainer engine, turbopump, gas generator,
and control system.

Remarks
The MA-3 engine is used as the power plant for the

Atlas ICBM. It furnishes the first-stage propulsion for
the Atlas/Able research vehicle.

MODEL: MB:3 THOR

Data
Type: Liquid propellant rocket engine utilizing LOX
and RP-1 fuel.

Performance
Rating: 150,000 Ib. thrust.

Equipment
The Thor MB-3 rocket engine consists of a regenera-
tively cooled single-thrust chamber, turbopump, gas
generator, and control system.

Remarks
The MB-3 engine is used as the power plant for the
Thor IRBM. It furnishes the booster propulsion for
the Discoverer satellites and the Air Force space probes.

MODEL: S-3D JUPITER

Data
Type: Liquid propellant rocket engine utilizing L.OX
and RP-1 fuel.

Performance
Rating: 150,000 1b. thrust.

Equipment
The S-3D engine has a regeneratively cooled single-
thrust chamber, turbopump, gas generator, and control
systen.

Remarks
The $-3D engine is used as the power plant for the
Jupiter IRBM and as first-stage propulsion for the

Juno space probes.

MODEL: A-7 REDSTONE

Data
Type: Liquid propellant rocket engine utilizing LOX
and alcohol fuel.

Performance
Rating: 75,000 1b. thrust.



FEquipment
The A-7 engine consists of a double-wall single-thrust
chamber. turbopump, and control system.

Remarks
The A-7 is used as the power plant for the U. S. Army
Redstone intermediate range ballistic missile. Tt fur-
nishes  the  first-stage propulsion for the Explorer
satellites.

e MODEL: 10-NS-100,000 BOOSTER ROCKET

Data
Tvype: Solid propellant rocket.

Performance
Rating: 100,000 1b. thrust for 10 seconds.

Equipment
The c¢ngine consists of a steel cvlinder closed on the
forward end. The igniter is located in the forward end
and a fixed straight nozzle is on the aft end. Thrust is
transmitted to the test vehicle by a forward head
closure ring. The unit is held to the test vehicle by
clamp rings around the cvlinder.

Remarks
The 10-NS-100,000 unit is emploved to propel high
velocity test sleds. A number of variations of this rocket
engine with a wide range of thrust-time programs are
available for track missions.

e MODEL: 16-NS-1000 ATRCRAFT ROCKET

Data

Type: Solid propellant rocket.
Performance

Rating: 1000 1b. thrust for 16 seconds.
Equipment

The engine consists of a steel cylinder closéd on the
forward end. The igniter is located on the forward
end, and the exhaust nozzle and pressure release dia-
phragm on the aft end. Thrust is transmitted to the
aircraft attachment fittings through three mounting
lugs welded on the cylinder.
Remarks

The 16-NS-1000 rocket engine was developed as a
smokeless JATO (jet assisted takeoff unit) for the Air
Force. Tt has application for various types of aircraft.

WESTINGHOUSE ELECTRIC CORPORATION

AVIATION GAS TURBINE DIVISION
KANSAS CITY, MISSOURI

e MODEL: J34-WE-48

Data
Type: Axial-flow turbojet.

Specs
Diameter: 27 in. Length: 111.t in. Height: 345 in.
Weight: 1210 Ib. Compression Ratio: 4.10.

Performance
Takeoff Thrust: 3400 lb. at 12,500 rpm. Operating
Altitude: 45,000 ft.

Remarks
Powers the North American Aviation T2J Navy basic

trainer. An earlier version, the J34-WE-36, is used in
pods as auxiliary power for Lockheed P2V-7 Neptune.

e MODEL: YJ81-WE-3
Data
Type: Axial-flow turbojet.
Specs
Length: 58.9 in. Diameter: 15.8 in.

Performance
Thrust: 1740 1b. (S.L.S)). SFC: 1.26. Annular Com-

bustion Chamber-Burning JP-4.

Remarks
Engine initially designed for use in missiles and drones.

WRIGHT AERONAUTICAL DIVISION

CURTISS WRIGHT CORPORATION
WOOD-RIDGE, NEW JERSEY

e MODEL: R1300-2A & 2B

Data
Type: 7 cylinder, air-cooled, radial.

Specs
Length: 48.10 in. Width: 50.70 in. Weight: 1067 Ib.
Displacement: 1300 cu. in. Bore: 6.125 in. Stroke:
6.312 in. Compression Ratio: 6.2:1. TFuel Grade:
91/96.

Performance
Takeoft hp: 800 at 2600 rpm Normal S.L. Normal

Rated hp: 700 at 2400 rpm up to 5000 ft. Military
Rating: 800 at 2600 rpm at 3500 ft. Fuel Consumption:
72 1b. per bhp per hr. Oil Consumption: .025 1b. per
bhp per hr. at normal rated power.

Equipment
Carburctor: Stromberg PD9F1. Magneto: Bosch SF-
7LU-3.

Remarks
This engine designed for blimp and helicopter instal-
lations: also the R1300-3.

e MODEL: RI1300-3

Data
Type: 7 cylinder, air-cooled, radial.

Specs
Length: 49.68 in. Width: 50.45 in. Weight: 1080 Ib.
Displaccment: 1300 cu. in. Bore: 6.125 in. Stroke:
6.312 in. Compression Ratio: 6.2:1. Fuel Grade: 91/96.

Performance
Takeoff hp: 800 at 2600 rpm Normal S.I. Normal
Rated hp: 700 at 2400 rpm. Military Rating: 800 at
2600 rpm at 3500 ft. Fuel Consumption: .700 1b. per
bhp per hr., at normal rated power. Oil Consumption:
020 Ib. per bhp per hr. at normal rated power.

Equipment
Carburetor: Bendix PDIGI. Magneto: Amer. Bosch
S7LU-3.

Remarks
Current production installation is Sikorsky H-19 heli-
copter. Designed for operation at 39° angle nose-up.
Direct drive. Commercial version 990C7BA1 installed
in Sikorsky S-55.

e MODEL: R1300-4

Data
Type: 7 cylinder, air-cooled, radial.

Specs
Length: 48.10 in. Width: 50.70 in. Displacement: 1300
cu. in. Bore: 6125 in. Stroke: 6.312. Compression
Ratio: 6.20:1. Fuel Grade: 91/96. Total Weight: 1092
1b.

Performance
Takeoff hp: 800 at 2600 rpm Normal S.I.. Military
Rating: 800 at 2600 rpm at 3300 ft. Normal Rntinglz
700 at 2400 rpm up to 5000 ft. Specific Fuel Consump-
tion: .720 1b. per bhp per hr. at normal rated power.
Oil Consumption: .025 Ib. per bhp per hr. at normal
rated power.

Equipment
Carburetor: Bendix PDIFL. Magnetos: Bosch S7LU-3.
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Remarks
Installation: Vertol Helicopter H-21. Commercial ver-
sion 977COHDI installed in Vertol Helicopter V-44.

MODEL: R3350-26WB

Data
Tvpe: 18 cvlinder, air-cooled, radial.

Spees
Length: 80.81 in. Width: 55.62 in. Weight: 2953 1b.
Displacement: 3350 cu. in. Bore: 6.125 in. Stroke:
6.312 in. Compression Ratio: 6.7:1. Tuel Grade: 115/
145.

Performance
Takeoff hp: 2700 at 2000 rpm Normal S.L. Military
Rating: 2700 at 2900 rpm at 3700 fi. Normal Rated
hp: 2300 at 2600 rpm up to 6200 ft. TFuel Consump-
tion: 720 lb. per bhp per hr. Oil Consumption: .050
Ib. per bhp per hr. at normal rated power.

Equipment
Carburetor:  PR58Ul.  Magneto:  Bendix-Scintilla
DIN-9.

Remarks
Installation: Douglas AD7.

MODEL: R3350-32W (TURBO COMPOUND)

Data
Type: 18 cyvlinder, air-cooled, radial.

Specs
Length: 91.80 in. Width: 56.59 in. Displacement:
3350 cu. in. Bore: 6.125 in. Stroke: 6.312. Compres-
sion Ratio: 6.70:1. Fuel Grade: 115/145. Total
Weight: 3521 1b.

Performance
Takeofl hp: $700 at 2900 rpm. Normal S. L. Military
Rating: 3420 at 2900 rpm at 2400 ft. Normal Rating:
2850 at 2600 rpm up to 4100 {t. Specific Fuel Consump-
tion: .660 Ib. per bhp per hr. at normal rated power.
Oil Consumption: .022 Ib. per bhp per hr. at normal
rated power.

Equipment )
Carburetor: CECO 58CPBIl1. Magnetos: Bendix Scin-
tilla DILN-9.

Remarks -
Installation: Lockheed P2V-5-7, Martin P5M-2. Mili-
tary version of the earlier models Turbo Compound
are installed in R7V-1, C119, C and RC-121, wvi, 2
and 3.

MODEL: 931TC18EAl (TURBO COMPOUND)

Data
Type: 18 cylinder, air-cooled, radial.

Specs
Length: 89.53 in. Width: 5659 in. Displacement:
3350 cu. in. Bore: 6.125 in. Stroke: 6.312. Compres-
sion Ratio: 6.70:1. Fuel Grade: 115/145. Total
Weight: 3651 Ib.

Performance
Takeoff hp: 3700 at 2900 rpm. DMax. Cont. (L(_)w
Blow). Normal Rated hp: 2850 at 2600 rpm. Cruise
Rated hp: 1910 at 2500 rpm 13,500 ft. Fuel (;0nsmup-
tion: .645 1b. per bhp per hr. Oil Consumption: 022
1b. per bhp per hr.

Equipment ) ]
Carburetor: Bendix PR5882. Magnetos: Bendix-Scin-
tilla DLLN-9.

Remarks .
Installation CP-107 Bristol Britannia for RCAT.

MODEL: 983TC18EA1-2 and 3 (TURBO COM-
POUND)

Data
Type: 18 cylinder, air-cooled, radial.

Specs
Length: 89.33 in. Width: 56.59 in. Weight: 3645 Ib.
(EAT and 3); 3745 1b. (EA2). Displacement: 3350 cu.
in. Bore: 6.125 in. Stroke: 6.312 in. Compression
Ratio: 6.7:1. Tuel Grade: 113/145.

Performance
Takeoff hp: 3400 at 2900 rpm, maximum continuous
(Low Blo). Normal Rated hp: 28350 at 2600 rpm.
Cruise Rated hp: 1910 at 2400 rpm (Low Blo). Fuel
Consumption: .645 Ib. per bhp per hr. at 2800 rpm.
Oil Consumption: .022 Ib. per bhp per hr.

Equipment
Carburetor: Bendix PR5882. Magnetos: Bendix-Scin-
tilla DLN-9.

Remarks
Reduction gear ratio of EA-1 and 3 is 0.4375:1; EA-2
reduction gear ratio is 0.355:1. Installation: EA-1
in Douglas DC-7C, EA-2 Lockheed 1649, EA-3 Lock-
heed 1049 G and H.

MODEL: J65-W-16

Data
Type: Axial-flow turbojet.

Specs
Length: 1219 in. Width: 375 in. Total Weight:
2742 max. 1b. Compressor Stages: 13 of 29.875. Tur-
bine Stages: 2 of 30.5 in.

Performance
Maximum Thrust: 7700 at 8300 rpm. Normal Rated
Thrust: 6780 at 8070 rpm. At Normal Rated: .895 1b.
per hr. per lb. thrust. 75 percent Normal Thrust:
5080 at 7510 rpm.

Remarks
North American FJ-3 and 4; Douglas A4D.

MODEL: J65-wW-18

Data
Type: Axial-flow turbojet.

Specs
Diameter: 37.5 in. Length: 181.4 in. Total Weight:
3425 1h. Compressor Stages: 13 of 29.375 dia. Turbine
Stages: 2 of 30.5 in dia.

Performance
Maximum Thrust: 10,500 at 8300 rpm. Normal Rated
Thrust: 6370 at 8030 rpm. At Normal Rated: .920
1b. per hr. per 1lb. thrust. 75 percent Normal Thrust:
4850 at 7475 rpm.

Remarks
Current production installation: Grumman F11F-1.
This engine is equipped with afterburner.

MODEL: 988TC18EA4, 5 & 6 (TURBO COM-

POUND)
Data

Type: 18 cylinder, air-cooled, radial.
Specs

Length: 8953 in. Width: 5659 in. Displacement:
3350 cu. in. Bore: 6.125 in. Stroke: 6.312. Compres-
sion Ratio: 6.7:1. Fuel Grade: 115/145. Total
Weight: 3775 1b. (EA-5); 3675 lb. (EA-4, -6) .
Performance
Takeoff hp: 3400 at 2900 rpm. maximum continuous
(Low Blo) .645 lb. per bhp. Normal Rated hp: 2920
at 2650 rpm, S. L. .022 1b. per bhp per hr. Maximum
Cruise hp: 1975 at 2500 rpm, 14,100 ft. (Low Blo).
Equipment
Carburetor: Bendix PRS58S2. Magnetos: Bendix-Scin-
tilla DLN-9.
Remarks
Reduction gear ratio of EA-5 is 0.355:1: EA-4 and 6
reduction gear ratio is 0.4375:1. TInstallation: FA-4 in
Douglas DC-7C, LA-6 in Lockheed 1049G and H.

389

































































































































1916, April 5—The Governors Island Training Corps
organized by Philip A. Caroll.

1916, April 14—A power-driven turret is proposed with-
out result by Col. F. P. Cobham.

1916, June 3—National Defense Act increases strength
of Aviation S. C. from 60 to 148 officers over 5-year
period. President may fix increase of enlisted men
from old figure of 260.

1916, June 18—U. S. aviator H. Clyde Balsley shot
down. (Member of Lafayette Escadrille, flying for
France.)

1916, August 29—First U. S. Coast Guard Aviation Di-
vision organized.

1916, October 2—Allocation airship development to
Army or Navy raised by Chief Signal Officer. Rigids
later assigned Navy.

1916, November 2—Chicago-New York commercial air-
mail line asked by Glenn Muffly. Sponsored by
New York Times, Victor Carlstrom flies mail dem-
onstration, November 2-3.

1916, November 14—DMore than 60 civilians are sent to
Curtiss contract school at Newport News, Va., begin-
ning this date and before Apr. 6, 1917. Others are
sent to Curtiss school at Miami. Gen. Mitchell
learns to fly here at this period.

1916, November 18-20—Group National Guard cross-
county flight under Capt. R. C. Bolling from New
York to Princeton, N. J. and return. On December
30, another is made to Philadelphia.

1916, November 19-20—Ruth Law flies her 1914 Curtiss
pusher Chicago-New York, with 2 stops en route,
for new cross-country record.

1916, December 17—To this date the Aero Club of
America has certified 636 airplane pilots. In addi-
tion are many other pilots who have never flown
for the Aero Club certificate. On Dec. 31, the Army
has graduated 122 pilots since 1909.

1916, December 18—Non-exclusive licenses are offered
by Wright-Martin Aircraft Corp. on royalty basis.
Terms are considered prohibitory and in 1917 Con-
gress appropriates $1,000,000 to acquire basic pat-
ents. Solution is the cross-license agreement of the
Aircraft Manufacturers Association.

1517, February 13-—Capt. Francis T. Evans, U.S.M.C.
loops and spins a seaplane at Pensacola.

y

1917, February 15—Aircraft Manufacturers Association
completes organization.

1917, March 14—Navy places orders for 16 non-rigid
B-type airships, the first Navy dirigibles.
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1917, April 6—U. S. declares war on Germany.

1917, April 6—Ofhcial strength of the Aviation Section,
5. C., is 131, including regular and reserve. Of
these, 112 arc airplane pilots or student pilots. En-
listed strength is given variously from 1087-1800.
At armistice the figures are: total officers, 20,708
(pilots and student pilots, 12,449); enlisted, 17-1,315.
Airplance strength, “less than 300." Produced in
U. S, Apr. 6, 1917—Nov. 1, "919: 13,8%4; received
from Allies, 5,229; total: 19,. .

1917, May 10—Arrangements made for eight ground
schools for theoretical training Reserve officer can-
didates.

1917, May 16—Aircraft Production Board created. Su-
perseded by the Aircraft Board Oct. 1. Dissolved
May 19, 1919.

1917, May 23— French Premicr Ribot asks U.S. to
furnish 5,000 pilots, 50,000 mechanics, 4,500 planes
for active service by spring 1918.

1917, May 29—Liberty engine project inaugurated. An
8-cylinder Liberty is flown in an L.W.F,, July 25.
The 12-cylinder production Liberty follows in De-
cember.

1917, June 1—Barlow robot bomber urged. Armistice
ends project.

1917, July 13—Tiske torpedo plane tested with dummy
missile. Experiments continue.

1917, July 24—First great U. S. air appropriation, $640,-
000,000. Act also provides for increase in organiza-
tion of Aviation Section, S. C.

1917, July 27— Secrectary of Navy- authorizes a Naval
Aircraft Factory at Philadelphia.

1917, July 27— Tirst British DH-4 arrives to be the first
American service planc put into production, with
Liberty engine. First Americm} DH-4 completed is
flown Oct. 29 by civilian test pilot H. M. Rinehart.

1917, August 5— Original First Aero Squadron leaves
Columbus, N.M. for overseas under Maj. Ralph
Royece.

1917, August 13—First AEF squadron program calls for
89 wings and 508 squadrons. One wing equals six
squadrons (5 airplanes, 2 balloons). A brigade com-
prises two or more wings.

1917, September 5-—Bristol fighter project started. Con-
demned July 20, 1918, after 27 planes are built.

1917, September 22—Montgomery heirs sue Wright-
Martin Aircraft Corp. for infringement. Suit with-
drawn June 6, 1921. Suit of same date against U. S.

is dismissed May 28, 1928.


















1926, July 2—Army Air Service renameced Army Air
Corps.

1926, July 2—First reforesting by airplanc, Hawail.

1926, July I4—Armstrong scadrome model  demon-
strated at Wilmington, Del. to Air Scervice.

1926, August 18—Nctal-clad airship contract let at not
over $300,000.

1926, August 25—]N training planc dropped by para-
chute, San Diego Naval Air Station.

1926, September 15—DPuacific Air Transport begins op-
eration of contract air mail service with Ryan M-I
monoplanes between Los Angeles and Scattle.

1926, December 7—Airway beacon crccted by Acro-
nautics Branch, Department of Commerce, on
Chicago-Dallas route.

1927, March 9-—American balloon altitude record of
28,508 ft. made by Capt. H. C. Gray.

1927, April 12—New American duration record of Clar-

ence D. Chamberlin and B. B. Acosta (Bellanca-15
Wright 200) 51 hr. 11 min. 25 scc.

1927, May 4—Record balloon altitude attempt by Capt.
H. C. Gray, 42,170 ft.

1927, May 15-19—Greatest concentration since World

War I (109 planes) in maneuvers under Brig. Gen,
J. E. Fechet.

1927, May 20-21-—Non-stop trans-Atlantic solo flight
by Charles A. Lindbergh, New York-Paris, 3,610
miles, 33 hr. 30 min. (13th aircraft to make com-
pleted crossing.)

1927, May 25 —Qutside loop demonstrated by Lt. James
H. Doolittle.

1927, June 4—First nonstop flight to Germany, Clar-
ence D. Chamberlin and passenger (Bellanca-15
Wright 200), 3,911 miles, 43 hr. 49 min. 33 secc.

5 i . altitude record by Lt
1927, July 25--World airplane altitud
‘C. léy Champion, U. S. N. (WrightP & W 425
supercharged) 98,484 ft.

1927, August 16-17—A. C. Gocebel a{nd Lt'.W'DZieDg;i:
U. S. N. (Travelair-15 Wright 200) Wit 20 % "
land-Honolulu race. One team finishes.
lost.

: un b
1927, September 1—Air express oper{ltlon? ?)eégs M
American Railway Express and major ajrlines.
. on
1927, September 10—Bennett international ballo
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race, Dearborn, Mich,, won by L. T. Iillard and A,
G, Schlosser with 715 miles; 15 contestants.

1927, October 12—\Wright Field dedicared.

1928, February 3-December 28—1.t0 HL AL Sutton con-
ducts a series of spin tests; awarded Mackay Trophy.

1928, March 1.9 —"Lranscontinental amphibian flicht by
Army Lt. Burnie R. Dallas o
Havens in Locning,

civilian Becdkwith

1928, March 28-30—1dw. A. Stinson and George Hold-
crman (Stinson-Wright 200) make endurance record
of 53 hr. 36 min. 30 scc.

1928, April 12-13—TFirst non-stop westhound North At-
lantic airplane (rossing made by Baron G. von
Hucnefeld, Capt. ITermann Kochl and Maj. James
Fitzmaurice (Junker-Junker 2807310 metal cabin
land monoplane)  {from Baldonnel, Ircland o
Greenly Island, N.F., 2,070 miles in 37 hours.

1928, April 15-21—First casthbound  Arctic Crossing
made by Capt. G. H. Wilkins and I.t. C. B. Eielson
(L()(:khccd-\‘\'righL 225) P Barrow-Green Harbor,
Spiuhcrgcn, 2,200 niiles, 20 hr. 20 min.

1928, May 24—Gen. Umberto Nobile's airship is over
the Pole in trip from Spitzbergen. It is wrecked
May 25, with loss of lives of crew and rescuers.

1928, May 31-June 8—First U. S.-Australian flight, by
Capt. C. Kingsford-Smith, Capt. C. T. P. Ulm, H.
W. Lyon and James Warner (P7 Fokker-3 Wright
200) Oakland-Brisbane, 7,410 miles; 83 hr. 19 min.

1928, June 11-12—\lexico-Washington flight by Capt.
Emilio Carranza (Bryan-Wright 200).

1928, June 17-18—First woman to {ly Atlantic, Amelia
Larhart with Wilmer Stultz, pilot, from Trepassey
Bay, N.T., to Burryport, England, in trimotored Fok-
ker, 2,140 miles, 20 hr., 40 min.

1928, July 30-3I—Twcnty-sccond Bennett international
balloon race, Detroit, won by Capt. W. E. Kepner
and Lt. W. O. Fareckson; 460 miles, 43 hr.

1928, September 19— First Diesel engine to power
heavier-than-air craft; designed by I. M. Woolson,

manufacture(d by Packard Motor Car Co.; flight-
tested at Utjca, Mich.

1928, October 19

Parachute troop demonstration at
Brooks Field.

1928, November 11—First Antarctic flight made by Lt.
C. B Eielson and Sir Hubert Wilkins (Lockheed-
Wright 22). Other flights subsequently.

1928, November 23-December 30—New York-Girardot,

Colombia, flight by Capt. Benjamin Mendez, 4,600
miles.


















1948, June 26—Berlin Airlift begins “Operation Vit
tles” with Douglas C-47’s carrying 80 tons of supplies
the first day. During first five months, Airlift tops
cargo volume of all U.S. airlines by flying 93,000,000

ton-miles.

1948, September 15—USAF recaptures world speed rec-
ord with North American F-86 jet fighter at 670.98]
mph, flown by Maj. Richard L. Johnson.

1948 Northrop’s YB-49 Flying Wing, first eight-jet
bomber in the U. S. Air Force, makes longest jet-
propelled flight on record of approximately 3,400

miles at average speed of 382 mph.

1949, January 7—Air Force announces a new unofficial
climbing speed record set by the Bell X-1 at Muroc
Air Force Base with Capt. Charles E. Yeager at the
controls, climbing more than 13,000 ft. per min,
compared with 8-10,000 ft. per min. for jet planes.

1949, January 14—Capt. William Odom, flying a spe-
cially modified Beechcraft Bonanza, sets a new light-
plane distance record, crossing from Honolulu to

Oakland, Calif.

1949, February 7—Eastern Air Lines reports new trans-
continental speed record for transport aircraft set
February 5 by new-type Lockheed Constellation on
delivery flight from Los Angeles to La Guardia Field

in 6 hr. 17 min. 39-2/5 scc.

1949, February 8—Bocing XB-47 jet bomber sets cross-
country speed record to Andrews Field, Washington,

D. C. from Moses Lake, Wash. in 3 hr. 46 min.

1949, March 2—Air Force completes the first nonstop
round-the-world flight in history, as a Boeing B-50
bomber, Lucky Lady II, lands at Carswell AFB,
Ft. Worth, Tex. at 9:30 CST, after a 94-hour trip;
piloted by Capt. James Gallagher, assisted by a crew
of 13, the B-50 flew a total of 23,452 miles at an
average speed of 249 mph. Four refueling contacts
were made with Flight Refueling, Ltd.'s Probe and

Drogue System from B-29 tankers.

1949, March 8 -New world distance record for light
planes set by Capt. William Odom in a Beechcraft
Bonanza, flying 5,273 miles from Honolulu to

Teterboro, N. J., in 36 hr. 2 min.

1949, May 3—The Martin Viking, 45-ft. research rocket,
is fired successfully at White Sands Proving Ground,

Las Cruces, N. M., reaching an altitude of 5114
miles and a speed of 2,250 mph.

1949, May 6—Sikorsky S-52-1 helicopter sets new inter-
national speed record of 122.75 mph.

1949, October 3—Navy jet-rocket special research plane,
the Douglas D-558-11 Skyrocket, reaches a top speed
of slightly over 700 mph at an altitude of 25,000 ft.
in test flight at Muroc, Calif.
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1950, January 3—Jacquceline Cochran sets new official
F.A.LL 500 kilometer closed course record flying a
North American I-51 (Packard-built Merlin V1650)
at 444 mph.

1950, January 22—Paul Mantz sets new transconti-
nental record flying a North American F-51 Mus-
tang (Allison) from Burbank, Calif. to La Guardia
Tield, N. Y. in 4 hr. 52 min. 58 sec.

1950, February 9—Navy Lockh: | P2V Neptune
(Wright 3350) patrol bomber completes 5,156 mile
flight in 25 hr. 57 min.

1950, March 31—Ana Louisa Branger, flying a Piper
Cub  Special powered by a Continental C-90-8F
engine, sets official new lightplane international
altitude record of 24,504 feet.

1950, September 5—North American Aviation an-
nounces successful completion of tests at Edwards
AFB in which heavy bombs were dropped for first
time at speeds over 500 mph with a B-45 Tornado
(GE-J47).

1950, September 22— Col. David C. Schilling and Lt.
Col. William D. Ritchie fly London-New York non-
stop with three in-light refuelings in two Republic
F-84E (Allison J-35A-17) jet fighters. (Schilling
completed flight; Ritchie bailed out over Newfound-
land and was later rescued by helicopter.)

1950, No‘vembe'r 10—A ILockheed F-80 shoots down a
Russian-built MiG-15 in first jet aerial combat,
Korea.

1951, January 17— Convair RB-36D reconnaissance
bomber makes 51 hr. 20 min. non-stop flight without
refueling.

1951, Februf"y 2—First successful air-to-air refueling of
a U. S. jet bomber is carried out by a North Ameri-
can RB-45C Tornado and a Boeing KB-29P tanker
at Edwards AFB, Calif.

1951, Al.)ril 24—Piper Super Cub, piloted by Mrs. Ana
Louisa Branger, scts an international altitude record
of 26,820 feet in the minus 1,103-pound category.

1951, May'ISfMax Conrad sets non-stop lightplane
record in Piper Pacer (125 hp Lycoming), crossing
the country in 28 hr. 4 min. 31 sec.

1951, {August 8—Navy’s Martin Viking VII sets new
algtude record for single stage missiles, flying 135
HlllCS.Up from White Sands Proving Ground, N. M,
reaching a top speed of 4,100 mph.

1951,.August 18—North American F-86A Sabrejet,
piloted by Col. Keith XK. Compton, flies from Ed-
wards AFB, Calif., to Detroit, Mich., in 3 hr. 27
min. 56 sec. at an average speed of 553.761 mph.

1952, January 2—A Sikorsky H-19 helicopter completes






1955, February 16—Longest non-stop flight by a jet
fighter-bomber—2,390 miles—made by Republic
F-84-F from George AFB in California to Langley
AFB, Virginia. Speed averaged 605 mph.

1955, March 9—Republic’s F-84F Thunderstreak sets a
new official transcontinental spced record, flying
2,445 miles non-stop from Los Angcles to New York
in 3 hrs. 44 mins.

1955, May 24—A North American F-86 scts two trans-
continental records: (1) as first aircralt to cross the
U. S. round trip in daylicht and (2) by flying cast-
west leg in 5 hrs., 27 mins., 37 secs., breaking previ-
ous record.

1955, August 1—White House announces that U. S.
plans to launch a small unmanned satellite about
the size of a basketball sometime after July, 1957
Satellite will circle earth at altitudes between 200
and 300 miles.

1955, August 17— Republic’s Thunderstreak sets a new
world’s non-stop jet fighter distance record of 5,118
mi. from London, England, to Texas.

1955, August 20—North American F-100C sets the first
supersonic world speed record of 822.1835 mph, 70
miles faster than the previous record sct in 1953.

1955, October 15—Douglas A4D Skyhawk sets a new
closed course world speed record of 695.163 mph.

1956, April 2—Air Force reportedly fires an air-breath-
ing guided missile (Northrop SM-62 Snark) a dis-
tance between 1,500 and 5,000 miles from Patrick
Air Force Base, Fla.

1956, July 23—Rocket-powered Bell X-2 sets new speed
record of 1,900 miles an hour, flown by Lt. Col
Frank K. Everest, USAF.

1956, August 10—McDonnell XV-1 convertiplane sets
unofficial speed record for helicopters of 200 mph.

1956, August 11—Vertol H-21C helicopter sets new
world record for distance in a closed circuit with-
out payload by flying 1,199.07 mi. non-stop in 11
hrs. 58 min.

1956, August 24—An Army Vertol H-21 helicopter com-
pletes first nonstop transcontinental flight over a
2,610-mile route from San Diego, Calif., to Washing-
ton, D. C., with aerial refuelings from Flight Refuel-
ing, Inc. system.

1956, September 5—Chance Vought F8U-1 captures
Thompson Trophy for Navy by flying 1015428 mph
to establish new national speed record.

1956, September 7—Capt. Iven C. Kincheloe, USAF,
sets new altitude record of 126,200 feet in Bell X-2.

1956, October 11—NACA discloses that four-stage re-
search rockets, fired in connection with develop-
ment of the JCBM and the North American X-15,
have hit speeds of 6864 mph or Mach 10.4.
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1956. October 16—Bell 47], flown by Joseph Mashman,
makes first helicopter flight across Andes between
Santiago, Chile and Mendoza, Argentina,

1956, November 13—North Amecrican F-107 reaches
Mach 2 speed in flights at Edwards Air Force Base,
Calif.

1956, November 27—FEight B-52’s break the jet bomber's
record by staying aloft an esti wted 3214 hours,
covering 17,000 miles.

1957, January 18—Three of five B-52 jet hombers land
in Calif.,, culminating the first nonstop jet flight
around the world. The 24,325-mile flight is accom-
plished in 45 hr. 20 min,, slashing by one-half the
previous record.

1957, January 28—Lockheed YC-121F Constellation scts
new west-to-cast record of 4 hr. 41 min.

1957, February 19—TFirst hovering flight of Bell X-11
jet-powered VTOL at Niagara Falls, N. Y., airport.

1957, March 12—Boeing 707 Stratoliner, America’s first
jet airliner, spans continent in record-breaking flight
of 3 hr. 48 min.

1957, March 15—Goodyear Aircraft Co. Navy ZPG-2
blimp sets new world records for continuous flight,
264.2 hr., 9,448 miles.

1957, March 24—Navy Douglas A3SD twin jet attack
bomber cracks two speed records, flying rbund-trip,
Los Angeles-New York in 9 hr. 35 min. 48 sec. for
one mark, and east-west in 5 hr. 14 min. 58 sec.

1957, June 6—Chance Vought F8U-1 Crusaders make
first nonstop ocean-to-ocean flight, Pacific to the
Atlantic, refueled by Flight Refueling, Inc. system.

1957, July 12—President Eisenhower, in a Bell 477,
becomes first U. S. president to fly in helicoptér
while in office.

1957, July 16—Chance Vought F8U-1 Crusader, piloted
by Maj. John Glenn, Jr., USMC, sets new coast-to-
coast record, flying from Calif. to N.Y. in 3 hr
28 min.

1957, August 12—F3D makes first fully-automatic land-
ing aboard an aircraft carrier, U.S.S. Antietam, using
Bell Aircraft all-weather automatic landing system,

1957, August 20—A manned balloon sets new altitude
record of 101,516 ft. during Air Force project to
determine human reactions in space ﬂight‘; Maj.
David Simons, sgaled in a pressurized capsule, stays
aloft for 32 hrs.

1957, October 10—Following Russia’s launching of first
carth satellite (Sputnik) on Oct. 4, President Fisen-
hower announces that the U. S. will attempt to
launch a four-pound “test” satellite in December.



















































OFFICIAL RECORDS ESTABLISHED (OR CLAIMED)
IN U.S. DURING 1959

WORLD RECORDS (Regardless of Type Aircraft)

MAXIMUM SPEED OYER A STRAIGHTAWAY COURSE
{UNRESTRICTED ALTITUDE) e 1525.95 mph*
Maj. Joseph W. Rogers, USAF, Convair F-106,
Pratt & Whitney J75 engine, Edwards AFB,
Calif., December 15, 1959,

WORLD ""CLASS" RECORDS—CLASS C—GROUP |
(Turbojet Powered Aircraft)

MAXIMUM SPEED OVER A STRAIGHTAWAY COURSE
(UNRESTRICTED ALTITUDE) - 1525.95 mph*
Maj. Joseph W. Rogers, USAF, Convair F-106,
Pratt & Whitnev J75 engine, Edwards AFB,
Calif., December 15, 1959,

SPEED FOR 500 KILOMETERS IN A CLOSED CIRCUIT
WITHOUT PAYLOAD . .. ... . 816.3 mph
Capt. George A, Edwards, Jr.,, USAF, McDonnell
RI-101C, 2 Pratt & Whitney engines; Edwards,

Calif., April 15, 1959,

SPEED FOR 1000 KILOMETERS IN A CLOSED CIRCUIT
WITHOUT PAYLOAD . . _ ... . . 700.047 mph
Col. E. H. Taylor, USAF, McDonnell RF-101C,

2 Pratt & Whitney ]57 jet engines; Edwards-San
I'rancisco-Oakland-Edwards, April 8, 1959.

SPEED FOR 100 KILOMETERS IN A CLOSED CIRCUIT
WITHOUT PAYLOAD . ... 1,216.48 mph*
Brig. Gen. Joseph Moore, USAF, Republic F-105,

Pratt & Whitney J]75 engine, Edwards AFB,
Calif., December 11, 1959,

ALTITUDE, WITHOUT PAYLOAD ... 98,558.51 feet*
Cmdr. Lawrence E. Flint, Navy, United States,
McDonnell F4H Phantom 11, 2 General Flectric
J79 engines, Edwards AFB, Calif., December 6,

1959.

ALTITUDE, WITHOUT PAYLOAD. 103,395.5 feet*
Capt. Joe E. Jordan, USAF, Lockheed F-104C,
Two General Electric J79 engines, Edwards AFB,
Calif., December 14, 1959,

LIGHT AIRPLANES—CLASS C-1.c

AIRLINEDISTANCE .. .~ 6,957.08 miles*
Max Conrad, United States, Piper Comanche,
NIILF, Lycoming, 180 hp engine, from Casa-
blanca, Morocco to El Paso, United States, via
Trinidad, November 24-26, 1959.

LIGHT AIRPLANES—CLASS C-1.d

AIRLINE DISTANCE 7,668.48 miles

Max Conrad, United States, Piper Comanche
250, Lycoming 0-540-AI1A5 250 hp engine, from
Casablanca, Morocco to Los Angeles, United
States, June 2-1, 1959,

SPEED FOR 2000 KILOMETERS {1242.739 miles} IN A
CLOSED CIRCUIT . T 226.972 mph
Miss Jerrie Cobb, United States, Aero Com-
mander 680-E, 2 Lycoming GSO-180 engines,
hp 340 coch, McCarron Field, Las Vegas, Nevada,

April 13, 1959,

CLASS E-1-D—HELICOPTERS

ALTITUDE ... . .. .. o222 30,100 feet*

Capt. Walter ]J. Hodgson and Maj. William J.
Davis, USAF, RKaman H-43B, Lycoming T-533-
L-1B engine, Bloomfield, Conn., December 9,
1959.

NATIONAL TRANSCONTINENTAL AND
INTERCITY RECORDS

WEST TO EAST TRANSCONTINENTAL {COMMERCIAL
JET TRANSPORT)

Captain Charles A. Macatee, pilot; Captain
Louis Szabo, Ist officer, Norman Rice, flight
engineer, 5 stewardesses, 57 passengers; American
Airlines’ Boeing 707, 4 Pratt & Whitney JT3C6
turbojet engines, from Los Angeles International
Airport, Los Angeles, California, to Idlewild
International Airport, New York, January 25,
1959. Distance: 2,469.92 statute miles. Elapsed
time: 4+ hours, 03 ininutes, 53.8 seconds.

Average speed . ... ... ... 609.472 mph

EAST TO WEST TRANSCONTINENTAL (COMMERCIAL
JET TRANSPORT)

Captain Charles A. Macatee, pilot; Captain D. S.
Shipley, Ist officer; J. P. Ekstrom, flight engineer:
-+ stewardesses, 106 passengers; American Air-
lines' Boeing 707, 4 Pratt & Whitney JT3C6
turbojet engines, from Idlewild International
Airport, New York to Los Angeles International
Airport, Los Angeles, California, April 14, 1959.
Distance: 2,469.92 statute miles. Elapsed time:
4 hours, 46 minutes, 57.6 seconds.

Average speed ... ... . ...l .516.432 mph

LOS ANGELES, CALIFORNIA TO WASHINGTON, D. C.

Richard J. Scoles, pilot; Loren W. Davis, co-
pilot; Barney Parker, flight engineer; Douglas
RB66A, 2 GE CJ805 turbojet engines, Inter-
national Airport, Ontario, California to Andrews
Air Force Base, Maryland, January 20, 1959.
Elapsed time: 3 hours, 85 minutes, 59.1 seconds.
Distance: 2,269.33 statute miles.

Average speed ......... .. ... ..., 630.413 mph

WASHINGTON, D. C. TO LOS ANGELES, CALIFORNIA

Richard J. Scoles, pilot; Loren W. Davis, co-
pilot; Barney Parker, flight engineer; Douglas
RBG66A, 2 GE CJ805 turbojet engines, Andrews
Air Force Base, Maryland to Ontario Inter-
national Airport, Ontario, California, January
22, 1959. Elapsed time: + hours, 58 minutes,
159 seconds. Distance: 2,269.33 statute miles,
Average speed ... .. .. 0L 456.506 mph

*Records not yet officially documented nor homologated by
FALIL
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