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SUMMARY 


The Bell Aircraft Corporation presents here a brief resume on the status and pr"gress 
of major element. and sHom of the System 112A Program for the quarter ending 31 March 
1857. 

RELIABILITY .. _the S-band and L-band beacon subsystems exceeded required reliability 
goals crurbJg a 10oo-hour life test . •.• For the 80 tests conducted thus far on life-test mis
sile No. 78, the cumulative observed rellabmty, excepting propulSion system, was 76% . , .. 
Phase n of the Rascal rellabUlty educational program, completed In January 1957, was wit
nessed by more than 2600 Bell l .lrcraft employees ... presentation of phase III, stressing 
rella.bUlty on a departmental level, wlll soon begin ..•• New factory-testing requirements 
for mlsslles call for 15 composite systems testa; 40% of tests must be free from reltabiUty
type failures ... GAM-63A No. 87, the first missile so tested, completed 10 composites suc
cessfully with a cumulative observed rellabllltyof 76% .... Of 583 repetitive problems en
countered during weapon system testing, 508 bave had corrective action completed. 

FLIGHT TEST PROGRAM ••. at Holloman Air Development Center, four missiles (Nos. 4581, 
4684, 478S, and 4891) were expendeddurlngthlsqup.rter . ... GAM-63A No. 4581 was released 
from a DB-47 director alrera!t en 7January 1957 ... at launch, hyliraullc discharge pressure 
began todecrease 2IId reached a levellnsufflclentto operate the servopUot . . . the control sur
faces deflected hard over Md No. 4581 Impacted 5.0 nautical miles northeast of the launch 
point at 87.3 seconds .... Missile No. 41184, launched 16January 1957, ciimbed to an aiiitude 
cf over 84,000 feet and accelerated toaMach number of about 3.0 ... all systems.performed 
...Uslactory and the miaflile Impacted 2.9 nautical miles northwest of the tarlJft at 274.9 sec
bnds •••. On 2 February 1957, GAM-1I3A No. 4783 was launched automatically at a pressure 
altitude of 38,470 feet &r.d at Mach 0.78 ••• at 74.9 seconds, hydraulic flow rate began to In
trease and the turbine pump shut down at 78.9 seconds •.. No. 4783 climbed to 54,710 feet, 
then fell from this altitude to impact at 191.3 seconds without benefit of power or guidance. 
•.. MissUe No. 4S91, launched on 13 March 1957, attained all flight obJoctives ..• operation 
ef propulaion and iuidance systems was satisfactory during the 90.2-nautlcal-D\lle fUght ... 
IklAldmum Mach number of 2.74 was attained at 156.1 seconds ... Impact occured 478 leet 
aouthwest o~ the target. 

PROPULSiON SYSTEM ..• successful appllc~tlon of the Linde flame-plating process On • 
drilled-aluminum thrust chambers has led to an Investlgatlon of the po"sibllty of plating the 
convergent and throat sections of wbular thrust chambers ... the tungsten-coated drllled
aluminum thrust chambel', with chrome-nickle binder, exceeded engine quallflcatlon requlre
lIlnntll .••• An eJrplcllion occurred during accept1Jlce-testing of a gas generator package when 
~ shuUlo?!D electrtcalslgnal failed to close the propellant valve and open the fuel-.:. i.cuit t>..~ 
purge p,ftel' eomoostlon had been interrupted. , . after Investigating the practicability of Initia
ting purge with 10as of gas generator pressure, or eliminating the purge 'Cllmpletely, a deci
sion was made to retain the purge and resequence It by loss of gas generator chamber pres
sure •••. Development of explusion bladders for IRFNA hag been discontinued ..• • The 
feaslblllty of substituting air for nitrogen as the pressurizing medium proved that the use of 
air Is 'unsafe ... explosions in the gas generator damaged two pressure transducers. 

GUIDANCE SYSTEM •.• results from launching GAM-63A No. 4891 provided further evidence 
that changes made In the electrical synchronizer have effectively improveJ AGC performance 
of the radar set .... The first set of hardware for the low-power antiJam radar set has 
been ground-tested successfully; flight testing at HADC will follow ..... Wor:x vD the hlgh
power antiJam radar set has been discontinued, . , . Test equipment and power supplles are 
being cOMtructed for Investigating the appUcabillty of the QK-533 carclnotron power-trans
mitting tube as a replacement for the AI016 relay In the radio set .... III the nonemanating 
guidance system, an Improved sensitive relay for the dive angle computer proved satisfacf6iy 
during evaluation tes~s and has been Incorporated In production assemblies .. . preliminary 
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evaluatton w Indicated that an Improved chopper Is satisfactory for use In the range and 
velocity computers. ' 

FLIGHT CONTROL SYSTEM •.. In the envlronmenW re-evaluation of the Rucal fUght con
trolsystem and the lnerttal range-computlns system, 1812teats bave been compieted on elvc
tronic and hydraullc components. . .. Mechanical coupllng te.ta OD miaslle No. 48 are com
plete and a test report Is belns prepared . . . . The feaeiblllty of transltorlBtns the Rascal 
fUght control system la belni studied •••• The search for more-reltable fllters, accumu
lators, and seals for the hydraulic system Is cOlltlnulns. 

GROUND SUPPORT EQUIPMENT ..• engineerinB efforts are centered on Uai.on, evaluation 
and testlns to ensure scheduled delivery cd operaUonal ground support equipment to the Air 
Force . . . liaison units are lIetup to asaist vendors fabricatllli operatioNiI ground support 
items .•. proJe'ct personnel are providins technical ueletance in the E"ST ProgralD at 
Eglln AFB and in the Support Equipment Evaluation Program at HADC . • . . :asign of the 
warhead pan pallet is complete . . • • Repackaged design of the GAM groop simulator for 
use as director aircraft checkout equipment was completed and accepted by the USAF for 
future procurement article!! •..• Evaluation of the GAM arod DB-41 checkout trailers with 
aaaoclated bandbooks is about 50% complete. 

TRAINING E:QUlPMENT ... design work on the 25 unitu comprising the missl1e and director 
aircrait portioM of the Mobile Training Unlt is complete aud all unit. are released ior manu
facturlns •.• oIlnslneerlng liaison will assist Manufacturing in the fabrication of these units 
. . • . A new optical system wu fabricated and buitalled in the radar Simulator of the Rascal 
Guidance Operator Trainer ••• this unit provtdes improved UghUransmI8s1onefflclenc:y ..•. 
The guidance operator's statton was modified to dupllcate eD.CUy the production version 01 
the DB-47; the Instructor's console is belns revised to incorporate the late.t weapon system 
Changeli • • • • Dur~ng ii. iiix-weak f6fi'who:;&" t.-'1nlni prosnm, Air Force AOB's utlllzed the 
RGOT . . .• A report was publlsbed on the Phoenix RBS phase of the Tarsel Acquisition Pro
gram .... The develQil!DeOlt ~rogram on Radou' Simulator Map-Maktns Techniques was ex
panded to include requlrc. tAl requested by vtsmilS USAF perllOllllel. 

DIRECTOR tdRCRAFT EQUIPMENT .•. production AN/APW~J'llUidance systems, Nos. 111 
through 123, were shlpped to Eoetns for Installation in DB~41's .••• System No. 101 was in
stalled In the DB-4? airplane (USAF No. 62-2346); this aircraft was HDt to HADe aud service 
kit lnatallation completed ... after BY.tema testillS, the airplane wlU be sent to Eglln AFB in 
support of the E"ST program ...• Syatem 108 is mounted in DB-41 alrplane (USAF No. 
62-2348) and service Id~ were in&taIled at Eglln AFB .••• Systems 109 through 114 and 
system 124 are at AF Plant 40 ••• 23 unltsfrom ellch of syeteDlll lot througb 114 are on IOQR 
to Bell Aircraft Wheatfield ••. after kit aDd lnatrumentatlon iDstallatlon, the unite will be 
used in the RId> program at BADC .•.• Syatem 110 Ie at Boeing for use as an installation 
model ...•ystem 1111 ie at Eglin AFB uaepare for DB-.' No. 346 .•• system 118 wlUI,sent 
to BADC as a spare for DB-4'l No. 345 .• ",},stem 1:&5 is scheduled for the DEl at Bell/ 
Wheatfield on 18 throqh 18 Aprll ••. systelJl. 111, in DB-41 airplane (USAF No. 51-2188), 
18 the first producttOil AN/APW-l'lsystem lncorporattnc the new warhead change. 

SUMMARY OP GAM-83A'S - DELIVERY AND DJSPOSlTION •.. data concernl'.'Ig the de
llveryandutlllzatlonofGAM-63A missiles are presented in Appendix mof this document. 
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SECTION I 

INTRODUCTION-

A& Hlatorl' 0'" System "2 A Prolect 

The System 112A (Rascal) Project, formerly 
referred to as Project MX-776, was initlated by the 
All' Materiel Command, USAF, as a studyprogram for 
the ie'!elop~ent of a subsonic a1r-to-s'.!nace missile 
(ASM) carrying a special warhead. This Jlrogram was 
amended to lndlJ.de a supersonic ASM; eventually, the 
subsonic missile phase was discontinued. 

In 1948, the project was dlvlded into twO con
current programs: the X-9 Shrike and the GAM-63 
Rascal. Bell Aircraft Corporation, as the .prlme 
Weapon System Contractor, immediately Initlated the 
design, development, and fabrication of Shrike, a 
supersonic teat missile (small-scale version of the 
GAM-63) with a 50-mUe range andcapabl<>,,{cllrrylng 
a l000-pound special warhead. Work on the radar
relay system for the missile Included ~!le lIse of two 
JB-17's as a simulated missUe/airec:tol' aircraft 
team. These early investigations and subse<luent work 
with modified JF-80 andJF-89 airplanes have resulted 
in an Improved guidance system for Installation In the 
GAM-63A. 

In 1950. Bell Aircraft was Oluthorized to proceed 
with the detail design and fabrication of XGAM-63 
missiles, and the first powered Shrike misalle was 
launched successfully from a DB-50 R&D director 
airplane. 

A major mUestone was passed In september 
1952 when the first XGAM-83 was flown under Its own 
power. By the end of 1952, the Shrllte program, which 
included 28 powered missiles, was successfully com
pleted. At the close of 1953, two glide and f~J!" 
powered XGAM-6~'r had been flight-tested, the Wit 
containing full guidance equipment. 

During 1954, the capablUUes of the Rascal 
Weapon Syllt.em wcre amply demonstrated during the 
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flight testing of 18 missiles. These capablllties were 
demonstrated In search radar and microwave link 
operation, power plant performance and control, 
remott' control of tht' mls81le durine terminal guid
ance, and mlll!!He performa.'1ce at high altitudes. A 
free -drop configuration and technique was devised and 
successfully proven during the launching of 10 mis
siles; the technique is now standard procedure. Vital 
structural and aerodynamic data were obtained· from 
the flight test program. Plnpointaccuracywasdemon
strated by missile No. 1826- which, under full guidance 
cont.-ol, . scored the first target bull's-eye of the 
Rascal flight test program. 

In the Urat quarter of 1955, siX Rascal missiles 
were launched from DB-50 airplanes. Two missiles, 
Nos. 2231 and 2430, scored direct target hits at 
missUe ranges of approxlmately 38 nautlcal miles. 
This conclud~ the flight testing of Model D missiles 
and the use of 8-50's as director aircraft. 

On 5 May 1955, the first operational prototype 
mles!!e of the Model F serieS, GAM-63A No. 2849, 
was launched from a DB-36 RId> director alr.plane. 
This missile Included inertial guidance and a simu
lated warhead. Missile No. 3054, flight-tested on 
14 July 1955, was the first launched from a DB-47 
operatlonal director. 

L&te 1n 1955, the System 112A development 
program was reorientated to emphasize rellablllty in 
the Rascal weapon. A firm comprehensive test 

.. Tile iirSL NO dlglts oi the missile number lndlcate 
firing order; the last two digits Indicate USAF air
frame delivery number. TINs, missile 1626 is the 
16th to be launChed, but the 26th airframe delivered 
to the USAF. 
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During the first quarter 01' 1957, GAM-63A's 
Nos. 4581, 4684, 4783, and 4891 were launched in the 
flight test program at Holloman Air Development 
Center, New Mexico. Detailed flI~ht test results are 
presented in Section IT, B. 

program was established to provide an over-all 
increase in Operational reUablllty with each successive 
missile. Repotitive acceptance and life tests, hot 
ground fiJ"lngs, and captive flight tests are prOviding 
a weapon of cont1Jlually increasing reliabUtty. 

B. Weapon Systorn De.criptlon 

WEAPON SYSTEM 

Designed as an all-weather airborne instrument 
of combat, the Rascal GAM-63A Weapon System pro
vides strategic bombardment aircraft with an tn
creased capabUUy lor attacking a.lld destroying heavily 
defended targets with little possibUtty of being de
tected or intercepted. Major elements of the weapon 
system are: (1) the GAM-63A missile: (2i theDB-47 
director aircraft: (3) ground support equipment; and 
(~) training aids. 

RASCAL MISSILE 

The GAM-63A Is a rocket-propelled, air-to
surface, guided aircraft missile with a gross weight 
of about 18,300 pounds, half of which Is propellants. 
Principal dimensioll'i are: over-all length, 32 feet; 
maximum outside body diameter, 4 feet; and maxi
mum horizontal span, 17 feet. The misslie airframe 
combines a cylindrical semlmonocoque fuselage with 
a canard cruciform wing configuration. Structurally, 
the airframe consists of five major sections: the 
radom!! nose, forward body, warhead section, center 
body (tank) section, and aft body shell. These divi
sions are based upon functional requl rements, as well 
as fJystem and component acccsslblllty an1 ease of 
shipment. 

For Its specific employment tn Ute GAM-63A 
Weapon System, the Rascal missile comprises four 
closely integrated component systems: (1) a liquid
propellant rocket power plant; (2) a servopilot and 
antenna stabilization system; (3) a range-computing 
lr,.::rUal guidance system, incorporating a radar relay 
and command override feature; and, (4) a special 
warhead and fuzing system. The rocket power plant, 
utllizlng inhibited fuming nitric acid and jet fuel as 
propellants, delivers 12,000 pounds thrust to accel
erate the missile to supersonic velocity during its 
climb to level flight altitude. During the gyro
stabilized midcourse portion of flight, tt.,e MlssUe 
follows a programmed course as dictah.d by Its 
inertial guidance system. A range computer meas
ures the horizontal distance traveled from the point 

2 

of launch and causes the mlsslle t.o enter a preset 
dive to target. During the terminal dive, a search 
radar in the radome of the GAM-63A scans the target 
area and relays missile poslHon and target data to a 
guidance staUon In the director aircraft. This in
formation is used to establish course-correcting 
command signals that are relayed to the missile as 
required to hit the target. 

DIRECTOR AIRCRAFT 

The director aircraft that form an inte!!"ra! 
element of the Rascal Weapon System are modified 
8-47 strategic bombardment airplanes, .redesignated 
08-47. Their primary mission Is to c,\rry the GAM
63A ~lsslle to a point within 90 Mutlcal miles of a 
target and to provide for Its proper launching and 
guidance after launch. In additlon to an MA-8 
bombing-navigational system, the director aireraft 
are equi~ped with: (1) an automatic system to ch~ck 
out the GAM-6SA quickly and complt'tely before 
launch and, working in conJ'J.!lctlon with the MAo-a 
system, to releas~ the missile automatically; (2) a 
relay link system to establish and maintain continuous 
microwave contact with the missile; and (3) acontrol 
station that enables a guidance operator to monitor 
the flight path of the missile and, If neces~ry, to 
inltlate course corrections during the mldcout'se and 
terminal dive phases of flight. 

GROUND SUPPORT EQUIPMENT 

Items of ground support equipmentfortheGAM
63A Weapon System are separated into three major 
categories: serviCing, handling, and checkout. This 
eqUipment en~ompasses all items that are not an 
integE"ai part of the missile or director aircraft, but 
are necessary to service, repair, test, and othen'lse 
prepare the weapon for its mission. .!'ervlclng equip
ment includes the fuel and oMdlzer trall<!ra all<! the 
nitrogen boost traller. Handllng and transport items 
comprise carriages and do1lies, assembly stands and 
slings, and packaging <:qulpment. Checkout and test 
eqUipment is rrovided for the maintenance of elec-
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tronic, electrical, and hydraul1c systems in both the 
missUe and director aircraft. 

TRAINING EQUIPMENT 

Rascal training equipment provides the me!Ul8 
for indoctrinating and training maintenance and opera
tions personnel of the Air Force in variou6 phases of 
weapon system application. E~l'lipment required by the 

c. Weapon Syetern Mleelon 

The Rascal Weapon System *is designed to carry 
out air-to-surface bombing of strategic taraets without 
exposing the bombardment airplane and aircre.w to 
local target defenses. This mission ls acco.DpUshed 
by combining a high-performance DB-47 bomber air 
plane with a relatively short-range, supersonic, GAM
83A missile. iii ai' operi&Uuilill eiilpluyment, the 
weapon system is based upon the ab1l1ty of the missile 
to penetrate local defenses and to dellver a 2800
pound special warhead to a strategic target with little 
probab1l1ty of being detecteJ 0;( intercept~. Thus, 
DB-·n strategIc bombers as director aircr..1t armed 
with GAM-63A missiles Jleed not approach the target 
closer than 90 n'luticl!.l miles, the range of the mis
sUe. 

An Air Force letter dated November 1953 
established a maximum range requirement of 90 
nautical mUes for the Rasca.l missile. Based upon a 
misstle range of 75 nautical miles, the GAM-83A wlll 
provide an airburst with a horizontal c1rcult:.r prob
able error (CEp··) of less than 1500 feet and, ell;
eluding errors in weather prediction and target intel
ligence, a vertical Btan~rd devia.t1on··· of less than 
405 feet. 

In a typical maximum-range mission, the DB-47 
direct.or aircraft, carrving the GAM-63A misslle, is 

Air Force comprises a mobile trainer unit ior teach
ing theory of operation and techniques of maintenance 
in the field, alld a guidance operator trainer for Aerial 
Observer Bombardiers. Addltional equipment in
cludes: mobile classroom demonstrators containing 
functional component systems of the missile and 
director aircraft; flight teams of F-80/B-50 aircraft 
modified to simulate the GAM-63A/DB-47 combiuation 
in actual air-to-surface training; and appropriate test 
units, bench test sete, and instruction manuals. 

navigated to a predetermined launch area by means of 
its MA-8 bombing-navigational system which con
stantly computes distance and course to the target. 
Immediately prior to bunch, an automatic checkout 
system (ACS) checks items of the missile in sequence, 
while data regarding director aircraft velocity, head
ing, and CiiiiiigeS in rangc-t.r--tAaget .&-.: fed into the; 
missile to serve as "initial condition" data for its 
nonemanatlng guidance system. At a preset distance 
from the target, the ACS, inconjunctlonwiththe MA-8 
system, automatically releases the GAM-63A on the 
proper heading for tile target. Minimum launch alti 
tude is 40,000 feet MSL; minimum launch velocity is 
Mach 0.78. After the missile clears th~ ,..,.~ft" gear 
of the 08-47, the rocket engine ignites. The GAM
63A accelerates to supersonic velocities in its climb 
to level flight 'lltitude as pr~rammed by a pressure
sensing Circuit. From release to warhead detonation, 
the missile Is controlled by a gravity-referenced 
inertial gu1:t.a..'1ce system. The missile's range com
puter cont!n\!t\".Zsly c~~pu~: grour.d r3.r"~ t.:"; ::':"'i~~ 
by double integration of a signal from a pitch-stabi
lized accelerometer. At a pre-established distance 
from the point of launch, the range-computing system 
places the GAM-63A in a 35° dive toYlllrd the target. 

At the initiation of terminal dive, a search radar 
mc-,1l'it~d in the nose of the missile hI automatically 

.. 	 "Military Character~3tic8 for a PHotlelts Parasite Bomber," SAB-51-Bl, 14 December 1951, Directorate of 
Rt>qu1.ernentIJ, Hq. USAF; "DeveiQpment Directive," No. 00-27-Al, 4 February 1952, ARDC; and Reorien
tation of DroJect MX-776, Contract W33-035ac e !4169," AF J.,.)tter WCSGA/HDH/nrw, 4 !".arch 1952. 

... 	CEP: The Umiting value, as the number of nights becomes large, of the radlUii of a right circular cylinder 
whose axis is a verticai line through the target and within which 50% of the detonations occur . 

••• 	VERTICAL STANDARD DEVIATION: The limiting value, as the number of flights becomes large, of the root
mean-squared distance between the actual and intended detonation altitude. 
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activated and scans the area ahead of the GAM-63A 
over a 150 0 sector. A radar Image of the target and 
surrounding area fs sent via a microwave relay link 
to the director alrcra!t. Here, the radar Information, 
displayed on a plan position Indicator, er.ables aguid
ance operator to monitor the progress of the flight 
and to ascertain errors in the missile's path to the 
target by the relative position of tile target with the . 
indicator cursors. If the GAM-63A Is headed off 
course, guidance commands In elevation and azimuth 
are computed and tr..nsmitted via the relay link to the 
missile's autopilot. This Is accomplished as the 
operator manipulates a tracking stick to align cursors 
on the radar display in coincidence with the target. 
Displacement of the tracking stick determines the 

magnitude of the flight path corrections which are 
automatically computed, coded, and relayed to the 
mlss11e's autopilot system. With the radar deflnltlon 
of the target area constantly improving as the GAM
63A approaches its objective, the required degree of 
accuracy in target acquisition is assured. 

It is important to note that the guidance operator 
may, at any time after launch, initiate a command to 
energize the search radar in the missile. The relayed 
video information can be utilized to check and correct 
the flight path of the GAM-63A in relation to known 
checkpolJ'ts. Also, the terminal dive can be initiated 
through the command link. 
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SECTION II 

RE8EAAeH AND 
DEVELOPMENT 

PROGRAM 

1. SYNOPSIS 

As the Rascal We:1pOn System progresses from the 
R &, D stage to the fabrication ofprototype operational 
hardware, an increasing amount of final testing and 
evaluation of equipmeilt is undertaken to assure the 
quality of the end items. The major effort is directed 
toward (1) systems testing of components and sub
systems, (2) ntght testing of GAM-63A'B, aru1 (3) 
evaluating director aircraft aDd ground support equip
ment. tn such a testing program, system defiCiencies 
are pinpointed and correctlve development work is 
accompU~hed concurrently with tJ:le evaluation of the 
weapon sys~em and its elements. 

Presented here is the progress being ~~, !.."l 
systems tel,tlng of various e!emE.'nU! of tile Rascal 
weapon. ' 

2. TESTING 	AT THE NIAGARA FRONTIER F".C1LI
TIES 

a. Misslle Test Stations 

The Qual!ty Control Department m.alntall'.B 18 
mis:Ue test stations (poslt1ons) that are used to ensure 
the proper quaUty and functioning of GAM-63A's. 
These stations permit the complete testing of missile 
emanating guidance, nonemanatlng guidance, fuzing, 
instrumentation, and beacon systems, as w'ell as 
portions of the propulsion system. The test equip
ment at these stations is modified as required to 
ensure compaUbU1ty with the latest missile configu
ration and to incorporate improvements resulting from 
field operaUons. 

] 
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DeSign effort Is aimed at reduc1iii the com
plexity of the test equipment required to perform a 
smoothly coordinated test countdown. Thla eUort is 
expected to decrease the number of persoMel presently 
required to perform such tests. Examples of this 
design work are the new radar cnd radio teot oets 
which will replace two X-band signal generators, a 
pulse power amplifier, a vldeo simulator, and a poly
code driver. 

One of the test positlons, statlon P, isbelng re
desl!P1ed to facmtate pressure-testing of the mlssUe 
under 51Clulated turbine and rocket fire sequence. 
Presented In Taole I is a description of the test 
stat:iOIUl, together with their location and capablllties. 

Two R&D teat stations are ~ing used to eval
uate engineering cl'.ugee and development problems 
that affect GAM-63A systems testing operations. In 
addition, a special test station, consisting partly of 
Statlon M, has been used successfully to check out the 
three test vehicles allotted to the gravity bomb pro
gram. Presented in Table II Is a llsUng of the R " D 
test stations, together with their location andcapabU
lUes. 

b. 	MisslIe Testing 

(1) GAM No. '18 

Mi6!lUf.! !'lo. '18 was transferred to AF Plant 
No. 38 on 28 September 1956 and positioned in test 
cell E-5. Fifteen composite systems tests (with pro
pulsion) were performed at a temperature of -55·F. 

5 
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TABLE I 


QUALITY CONTROL TEST STA.T10NS 


station 

A-I 

Location 

....'heatfield 

Missile 
EUecUvity 

93 &5 subq 

Missile 
In Test 

No. 89 

Test Capab1l1Ues 

!ilbsystems and composite sys
tems 

A-2 Wheatfield 93 &5 subq No. 90 &1bsystems and composite sys
tems 

B-1 Wheatfield 93 &5 subq No. 98 EmanaUng and nonemanatlng 
guidance systems 

B-2 Wheatfleld 93 &5 subq No. 94 FmanaUng and nonemanating 
guidance systems 

C-l WheaUleld 93 &5 subq No. 100 Nonemanatlng guldance, telemeter
ing, and fuzing systems 

C-2 Wheatfield 93" subq No. 99 Nonemanatlng guidance, telemeter
ing, and fuzlng systems 

0..1 WheaUleld 93 &I subq Vacant Nonemanating guidance system 

0-2 Wheatfield 93 &5 subq No. 101 Nonemanating guldance system 

P Wheatfield Vacant Pressure testing of GAM-G3A 

E-5 AF Plant 38 93 &5 subq No. 78 Used with R&D trailer foK' sub
systems, and composite systems, 
and static hot firings 

E-8E AF Plant 38 93" subq Vacant Statlc hot firings and composlte 
systems 

E-8W AF Plant 38 93" subq No. 93 aauc hot firings and composite 
systems 

E-9E AF.Plant 36 9~ &I subq No. 8S fJ:at!.c hot firings and composite 
systems 

4F PJ;u,t ~R No. ge ~tii! hut fh'lilg& arId composite 
systems 

F (1) HADe 87 - 93 Vacant CompOSite systems 

G (2) HADe 73" subq No. 80 Composite systems 

X (1) HADC 73 C. subq Vacant Composlte systems (portable) 

y HADC 73 &5 subq Vacant CcmPQs1te systems (portable) 

NOTES: (1) Reserved for GAM-63A's 81 and 83. 

(2) Adapted for dual (23-channel) telemeterlng system and gravlty bomb testing. 

Ten of these static hot firings were successful. Three The two remaining tests were termlnated 
tests were terminated after turbine fire owing to: before turbine fire owing to: 

(1) Lack of gas generator chamber pressure (1) A defective tube In the low-voltage power 

(2) Lack of lubrication oU pressure 
supply of the radar set 

(3) ErraUc Indications of Internalphase"B" 
voltage 

(2) No indication of single-phase voltage in 
the Inverter 

6 
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R&D TEST STATIONS 
,~. 

Missile 
Statton L.ocBUon Ef!ecti,,!t~· 

M Wheatfield 93" subq 

R&D Wheatfield 93" subq 
Mobile 
Checkout 
Unit 

Gravity Wheatfield -
Bomb 

ITest I 

Misslle 
t'l Test Test Capabtl1Ues 

No. 97 ~bsystems and composite sys-
tems 

No. 86 ~bsystems and composite 8yS-
tems 

Vacant Power and control, telemeter-
lng, and hydraulic systems 

Testing of GA.i\{ No. 7B was cODducted afl part 
of Missile Life Test P"ogram. Following the test 
series, the missile was returned to the Wheatfield 
plant on 5 February 1957 for further environmental 
testing. 

(2) GAM No. 86 

The following subsystems tests have been 
performed satisfactorily on Missile No. 86 at Statton 
M: 

(1) 	Instrumentation 

(2) 	 Fuzing 

(3) 	Inertial range-computing system 

(4) 	BillW (ucept servo computer tests pre
viously performed at Statton B) 

After scheduling GAM No. 88 for a life test 
program comprising 50 composite systems tests, all 
appllcable service kits and missing parts were in
stalled in the misllile. The initial composite teat was 
then run successfully. However, owing to the urgency 
of test/Jig missile No. 85 at Statlon M, No. 88 was 
placed in storage and the following components were 
removed from GAM No. 86 to facilitate the testing of 
other missnes with more urgent schedules: 

(1) 	 lWiio transmitter 

(2) 	 Command receiver 

(3) 	Yaw amplifier 

(4) 	 Spin-drive amplifier 

(5) 	 Alternator 

Report No. 56-981-021-48 
SECRET 

(6) 	Yaw gyro 

(7) 	Regulator package (rocket engine) 

These components were later replaced and 
GAM No. 86 wu returned to Station M for retesting 
on 25 February 1957. Following this retest pha~e, the 
life test program will be resumed. 

(3) 	G.~M No. 87 

Missile No. 87 was trallsferred to AF Plant 
rio. 33 Oil 28 December lC53. EleVen comjloilte sys
tems tests (without propulsion) were conducted at 
ambient temperature. Seven cf thelle tc::t:I were 
lIuccessful. Major causes of the four unsuccessful 
teats were: 

(1) 	Defective crystal - low-current in radar 
set crystal No. 2 

(2) 	Altitude control timer did nok meet 
specifications 

The test program on No. 87 wu completed 
on 27 Fgbr-.!2ry 1957 a.'1d the missile wu '·3turned to 
the Wheatfield plant in preparatlon for shipment to 
HADC. 

(4) GAM No. 88 

All subsystems of MislJlle No. 88 were tested 
satlsfactorlly at Stations B, C, and D. Seven composite 
systems tests (without propulsion) we r e then per
formed at Statlon A-I; three of these tests were suc
cessful. 
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GAM No. 88 was transferred to AF Plant 
No. 38 on 31 January 1957 and positloned In test cell 
E-9E. Thus far, 70%, of the composite systems tests 
(with propulsion) required In the Rascal ReUabUlty 
Program have been completed. 

(5) GAM No. 89 

Subsystems testing of GAM No. 89 has been 
completed satisfactorily. The missile is positioned 
at test Station A-I and 80% of Its composite systems 
testlng has been completed for the Reliability Pro
gram. 

Limited ute components in GAM No. 89 are 
being replaced and alignment tests wlll be conducted 
to assure the reliulred operation of all replacement 
components. 

(6) GAM No. 90 

Missile No. 90 Is at Statlon A-2 for sub
system testing. About 60% of the composite systems 
testing has been completed for the ReUabU1ty Pro
gram. 

(7) GAM No. 91 

Missile No. 91 was transferred to AF Plant 
No. 38 on 14 November 1956 and positioned in test 

cell E-9E. Eleven compo13ite systems tests were 
performed between this time and 11 January 1957 (see 
Figure 1). The goaloftwosuccessful (and consecutive) 
composite tests was achieved on the 2nd and 11th of 
January. Following the replacement of limited life 
components and sui'vei1lance tests, alignment tests 
were performed. The missile was then reoll'ned to 
the Wheatfield plant in preparation for shipment to 
HADC. 

(8) GAM No. 93 

This missile was shipped to AF Plant No. 
38 on 15 February 1957 and posltloned in test cell 
E-8W. GAM No. 93 Is scheduled fora minimum of 15 
composite systems tests In conformance with the 
ReUablllty Program. Testing will be completed during 
the next quarter. 

(9) GAM No. 94 

Missile No. 94 was movedtoAFPlantNo. 38 
on 3 March 1957 and positioned in test cell E-8E. 
Composite systems testing is scheduled to be com
p!eted during the next quarter. 

(10) GAM No. 96 

On 8 March 1957, Missile No. 91) was trans
ferred to AF Plant No. 38 and installed in test cell 

Figure 1. Composite Systems Testing of GAM-63A, Alr Force Plant No. 38 
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E·9W. Hydraulic and power plant pressure checks 
have been completed satisfactorily. Testing of the 
servo and guidance systems is under way. GAM No. 
96 is scheduled for 15 composite systems tests. 

(11) GAM No. 97 

Subsystems testing of Misslle No. 97 was 
completed with no major discrepancieB or delays en
countered. In addition to a four-channel telemetering 
system, GAM No. 97 i6 equipped with a slJ:-cblUlnel 
system that consists of four continuous vibration 
channels and two vibration commutators. The missUe 
is at Station M awaiting a series of composite sys· 
tems teBts which will be performed after the following 
items have been installed: 

(1) Bladder assembly (fuel tank) 

(2) Pitch ampliller 

(3) Vibrotron 

(4) Regulator package 

(5) Radio set package 

(6) Warhead door 

(12) GAM'o Nos. 98 and 99 

MissileB 98 and 99 have passed the required 
subsystems tests at Stations C and D. These GAM's 
are now positioned at station B where telemetering 
system tests are under way. 

(13) GAM's Nos. 100 and 101 

Hydraulic tests have been completed suc· 
ceeeio.lliy on M1881les 100 and 101 at stationD. These 
GAM's are now positloned at Station C where servo 
sYlltem tests are being conducted. 

(14) Gravity Bomb Test Vehicles 

In the gravity bombing capabUtty progra.1D, 
three full-scale Rascal airframes are to be releued 
from a DB·47 under typical launch conditions (see 
Section n, H, Weapon System Investigations). Thl! 
three modified airframes selected for this program 
have been tested suc::essfully at a spectally constructed 
area of Station M. Owing to the configuration of these 
missiles, the only items to be tested were the tele
metering and limited hydraulic systems. After com· 
pletlng these subsystems tests satisfactorily, com
posite tests were run successfully. 

c. Misslle Equipment 

Systems testing of components and eubeystems 
designed for GAM-63A missiles is performed to en-

Report No. 56-981-021-48 
SECRET 

cure ~tlsfactory operation of these units under 
environmental conditions Simulating those expected 
in actual field operations. 

To accompl1sh environmental testing, both con· 
ventional and speCialized test facUlties are available. 
These include Vibration, shock, acceleration, and 
radio interference eqUipment; temperature, humidity, 
and altitude chambers; and chambers for proof·testing 
under l .1tUtions of sand nnd dust, frost, and explosion. 

Systems testing of mh'.slle components and 
subsystems at the Wbeatfield plant has been completed 
in accordance with Bell Aircraft Report 56·989·129. 

d. Director Aircraft Equipment 

PreprodUction systems testing of the terml.n:1l 
guidance system (TGS is part of the AN/APW·17 
Radar Course·Dlrecting Central) Is progressing ac· 
cording to Bell Aircraft Specification 110·947-043. 
Testing is in the third of three phases; the first two 
phases of testing have been completed satisfactorily. 

Phase m is complete except for the evaluaUon 
of one TGS unit whict mUlt undergo vibratlon-testing 
without isolators and must be wbjected to sand and 
dust conditions. The unavailabUlty of test equipment 
has temporarUy caused a delay in thl. eHort. T .. e 
reports covering Phase mare 80% complete. 

e. Miscellaneous 

(1) Miliall.. Eq-..ipment 

A study has been made of the 1atlure of the 
a·c voltage c1uril1g the flight testing \)f GAM-153A No. 
4783 (launched 11 February 11157). During thle in
vestigation, actual flight conditiona were simulated 
In the laboratory and varloue faults were intentionally 
appUed tf' the a·c voltage network to duplicate the 
telemetered data of the flight. A 115O·a.mpere over
load, with a 0.7 power factor, was applied to Pwe 
B; a 14-ampere overload, with a 1.0 power factor, 
was applied to Phases A !!~ C Although the Investi
gation disclosed no concl' ,slve relNlta, there was a 
good Indication that lUI overload had been applied to 
Phase B durlng the actua.\ fUght teet. 

A lIew trarudormer·recWler that featuree 
a silicon diode has been dealgned for high altitude 
opel'ation. TestIS on a laboratory model of tlda 28-volt, 
70·ampere unit are under way to determlne if dutgn 
criteria can be met and to reveal Inherent wealmeeaell 
in the design. Preliminary results of thla work have 
disclosed that smcon diodes offer numerous advan
tages over other types of metallic recUfiers. 
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Several rocket engine cut-offtlmers (Haydon 
Models N6417 and N6418) have successfully pJ.ssed 
bench tests and high- and low-temperature tests. Con
tact ch.l.tter Ot:curred during vibration testing which 
was conducted according to Bell Aircraft Speclfication 
66-1)47-011. A newly designed isolation mounting sys
tem is being evaluated. 

The 5ENI-6 microswitch hail been evaluated 
as a rs)lacement unit for the AN3234-1 microswitches 
comprising the lanyard initiator switch. The 5ENI-6 
ur.lt has successfully completed all environmental and 
bench tests required for GAM-63A application. 

Room-temperature cycling tests have been 
completed on the SV-5C servo valve and associated 
hardware. Operational tests will be conducted under 
environmental conditions of high and low tempe rature, 
altitude, and humidity. 

In the endurance testing program on the 
hydraulic pump, utllizing XF4270 low-temperature 
hvdraulic fluid, 350 hours have been accumulated to 
determine lubriCity characteristics of the fluid . 

The GAM-63A primacord destruct system 
has been tested under controlled conditions of low 
temperature, humidity, and vibration. Successful 
separatlons were obtained during ali tests usingeither 
plastic-coated or plain pJlmacord systems. 

Special enviroDblental testing has been com
pleted on two 6-channel telemetering assemblies for 
G}-_,=! No. 97 (P!us !!. s~are). 

SUsceptib1l1ty tests have been conducted on 
the servo control system and the inertial rangE'
computing 8ystem. Reports are being prepared on 
the 3U6ceptib'.l1ty testl"6 of tha radio set and radar 
set. 

A report on the re-evaluauon testlng of the 
radar set BIIb&yste C'l was compie ted during this 
quarter. 

The re-evaluation program on servo com
ponents is about 80% complete. In this program, the 
servo components are scheduled for three complete 
cycles of environmental testing plus one extended 
cycle including llfe tests. The effectiveness of cir
cuitry modifications, component changes, and wiring 
changes are being evaluated during these tests. 

A IOOO-hour life test on 20 blower motors 
(Type F2-3) and a Ufe test on 40 relays (Sigma Type 
5RJ-I0,OOO) are under way. A report covering the 
life testing of the AN/DSW-l radio set was completed 
during this quarter. 

Special vibration tests have been run on the 
telemetering transmitter (Bell Dwg. No. 65-535-070) 
to find a 19Ui~hle isolating system to reduce the noise 
level inherent in the transmitter. The isolating sys
tems used during the tests were either Bell-design or 
commercial types. The tests revealed that the noise 
level can be reduced appreciably by using an isolating 
system capable of diSSipating the heat generated by 
the transmitter. 

Evaluation tests have been performed on two 
telemeterlng transmitters to determine the frequency 
versus tempfJrature repeatablllty characteristics. A 
second phase of this test is under way with the trans
mitter installed in a closed case with heaters to 
improve the frequency repeatability. 

QuaUfication testing has been started on 
transformers from various manufacturers with the 
objective of securing a list of approved sources for 
transformers. 

(2) DIrector Aircraft Equipment 

Two additional ANIAPW-17 guidance 
systems have been returned to the Wheatfield plant 
from !!.~C fo!' hu::cl'pc!'atlon of the alternate warhead 
modification. 

Bench and environmental testing, as well as 
tests specified in MPB'a (Material P rocess Bulletins), 
have been completed on three p)."OOuctlon-type ouimuth 
and elevation indicators and on three relay receivers 
to be used as replacements at HADC. Preparations 
are under way to test a total of five sets of replace
ments; each set will comprise 23 components. These 
production-type components are replacements for 
R&D prototypes; their use should improve the rellabi
lity of the AN/APW-17 system in the hot-firing 
program at HADC. 

Preparations have been malie for a 1000
hour life test on a Type SC-179 (modified) spin motor 
for the director aircraft antenna. 
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B. Flight Teet Pro.ram 

1. 	SYNOPSIS 

Forty-eight Hascal missiles have been expended in 
the flight test program at Holloman Air Development 
Center (HADC) , New Mexico. Of these, 27 were launch
ed from DB-50 R&D director aircraft, thereby com
pleting the final testing of Models 56A, B, and 0 mis
siles. The remaining 21 missile launchings utilized 
the Model 56F configuration and either the DB-36 
(R&D) or the DB-47 (operatiol1lal) aircraftasdirectors. 

During thts quarter, four GAM-63A's (Nos. 4581, 
4684, 4783, and 4891) were launched from DB-47 dir
ector airplanes at HADC. Details of thesefUght tests 
are presented in subsequent paragraphs of this section 
of the report. 

2. 	 FLIGHT TEST PLANS 

Final flight test plans, including the latest changt!s 
in the Rascal program, have been completed for GAM
GSA's Nos. ao, 85,37, 88,89, and 91. Also, prelim
inary flight test plans have been completed for the 
three gravity bomb test vehicles. 

3. 	FLIGH~' TEST REPORTS 

Data reduction reports were issued during this 
quarter for the final flights of the following missiles: 

Missile No. Date of Flb1;ht Report No. 

4379 11-5-56 56-980-240 
4482 11-27-56 56-980-241 
4581 1-8-57 58-980-242 
4684 1-21-57 56-980-243 
4783 2-11-57 56-960-244 

Analysis of data from the final flight of GAM-63A 
No. 4891 (launched 13 March 1957) has not yet been 
completed. 

4. 	CAPTIVE FLIGHT TESTING 

The R&D captive flight program at HADC is con
cerned prlmat"1l1 with flight testlr.g guidance system 
improvements, Independent (if the hot-firingprogram. 
The testing is separ~ted into three phases: Phase I, 
which was completed late in 1956, was concerned with 
the investigation of problems arising from the missile 
firing program. Phase n is under way to investigat" 
system compaUblllty of electrical equipment not yet 
in the production phase. Phase m, not yet begun, will 
consist of evaluating the compatiblllt y of extanded
range electronic equipment for use in the Rascal 
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guidance system. Thislal.ltphase in scheduled to begin 
during August 1957. 

a. 	Missile Release Na"igational Computer(MRNC) 

The MRNC vendor. AC Spark Plug, has sub
mitted to Bell Aircraft a c·etaUed report on the modi
fication of the MRNC and Us amplifier unit. With this 
modification, a signal is supplied to the autopllot so 
that the aircraft is driven across the release heading 
after the angular coincidence enabllng signa! 18 re
ceived. 

Engineering Change Proposals have been prepared 
and submitted to the Air Force and the modification a 
ha\'e been Incorporated in the two E&ST director air 
craft. 

b. GAM No. 61 

MissUe No. 61 was used it.a a test vehicle In sup
port of the captive flight prQlgram durlog the first 
quarter of 1957. The mlssUe is being prepared for 
partictpatlon in the low-power antlJam radar let testa 
scheduled for the next quarter. 

c. Test Program 

Several R&D tests were planned in the captive 
flight program for the first quarter of 1957. Of the 
s;lVtln ltemtl or work scheduled, (11111 two ""toft! Ciltried 
to completion owing to cancellations or the urgency of 
other eUorts at HADC. 

The following tests were czncelled: 

(1) Continuation of fUght 	 tests on the modified 
altitude-tracking circuit of the range com
puter. 

(2) FUght testing of the narrow-band relay sys
tem. 

(3) 	 Flight testing of the apace-stabUlzed auto
matic tracking relay antenna system. 

(4) FUght testing of an improved terminalguid
anee system. 

The status of the other three Items is as follows: 

(1) A 	 photographic Olght over Kansas City, 
Missouri, was conducted 17 January 1957. 
The radar photographs obtained were satis
iactory; thereiore, no future il1ghts are 
planned for this purpose. 
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(2) 	 Telemeterlng tests were conducted 13 and 15 
February 1957. All data were forwarded to 
Bell/Wheatfield for evaluation. The results 
appeared to be satisfactory. 

(3) 	Testing of the low-power antljam radar set 
Is scheduled early In the next quarter. 

5. PRELAUNCH TESTS 

a. GAM No. 80 

GAM No. 80 remained In stand-by status from 
late December 1956 until 20 January 1957. On this 
date, a special electrical mating check of GAM No. 80 
and DB-47 No. 51-5219 was made. This check in<H
cated satisfactory operation of the weapon system. 

Because of marginal weather conditions which 
delayed the scheduled launchings of missiles Nos. 81 
and 83, GAM No. 80 remained on a stand-by statuD. 
After the launch of No. 4783 on 11 February 1957, 
electrical plt checks were completed on GAM No. SO; 
during these checks, excessive leakage h 'om the fuel 
oxidizer seal was noted. In an effort to meet the 
launching schedule, rocket engine No. 13 was replaced 
with rocket engine No. 14. Subsequent pit checks on 
16 February 1957 Indicated the proper operation of 
missile No. 80. 

Take-off of DB-47/GAM No. 80 on an attempted 
launch mission was ac:ompllshed on 20 February 1957 
at 0630 hours MST. During prelaunch checks, the loss 
of synchronization in the terminal guidance Indicator 
was reported and the flight was canc~l1ed. Postflight 
investigation of the synchronization problem revealed 
t:xceseive carbon particlea on the In d I cat 0 r com
mutator assembly. These particleB caused inter
mittent short circuits In the commutator segments and 
faulty spacing of the reluctance wheel and its L-505 
coil. This trouble was corrected on 20 February 1957 
and checks again revealed normal operation of the 
weapon system. 

On 25 February 1957, the combination became 
airborne, prelaunch checks were ('('ncluded satis
factorily and the weapon system was vectored onto 
the f1rln~ I1ne. During the final checkout, the turbine 
faned to start and the mission was cancelled. 

Postflight Inspection of GAM No. 80 revealed 
that the turbine did not start because the fuel tanks 
faUed to pressurize during the arming period. This 
pressurizing failure was caused by the presence of 
water In the check valve of the nitrogen flU and 
Jettison system. The 'OIater probl/.bly froze at high 
altitude, holding the valve closed. 

12 

The DB-47 andGAM No. SO again became air 
borne at 0625 hours MST on 28 February 1957. After · 
satisfactory prelaunch checks, the weapon system was 
vectored onto the firing line and the countdown pro
ceeded normally untll apprOximately five seconds 
prior to turbine start. At this time, the nitrogen 
source pressure gage had reached the minimum allow
able value and was decaying further. As a result, 
the 	system was shut down and the mission was can
celled. 

Postflight investigations revealed considerable 

moisture In the nitrogen tube bundles and In the 

nitrogen filter. The water probably froze at high 

altitude and caused the excessive drop in the Indicated 

nitrogen-source pressure. 


Following these postflight Investigations, the 
power plant was removed and cleaned. The oxidizer 
tank was drained, flushed, leak-tested, and tTeated with 
a chronic acid solution. The entire tube bundle system 
was dried and reinstalled. 

It is anticipated that GAM: No. eo wm be ready 
for launch early In the next quarter. 

b. GAM No. 85 

GAM No. 85 was received at HADC on 26 De
cember 1956 and receiving inspections were completed 
5 January 1957. Preflight and composite checks, de
layed by parts shortages, were completed:l:5 F~bruary 
1957. 

Missile No. 85 was utillzed In the evaluation of 
GAM-63A checkout trailer. Operation of the missile 
system was satisfactory throughout these tests. Power 
plant preflight tests were initialed 12 Mal'ell 1957. 

On 19 March 1957, GAM No. 85 was mated with 
08-47 No. 51-5220 and, on 20 Ma!'ch,iuel and OXidizer 
were loaded. An electrical pit check the next day re
'1~aled that weapon system operation was satisfactory. 

Pending an investigation of the malfunction of 
a gas generawr propellant valve at AF Plant No. 38, 
the launching of GAM No. 85 was postponed. The mis
sile is In stand-by status and probably will be launch
ed during the next quarter. 

c. GAM No. 87 

Missile No. 87 was rect>ived at HADe in March 
1957 and passed Inspectlon requINment80n~4March. 

In view of the excellent test history of GAM No. 
87 at the Wheatfield plant, it was decided to eliminate 
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individual preflight testp- en the guidance and wIe
metering systems. 

On 15 March 1957, No. 87 was mated with DB-47 

No. 51-5220 (see figure 2) for an electrical check. 


. This check proved unsatisfactory as a result of: 


(1) 	No command contact 

(2) No radar targets beyond a range of one mlle 

(3) 	Inertial guidance test probl~m was short 
(105 seconds) 

(4) 	Relay magnetron failed to start in the proper 
mode 

(5) An open telemeter!11g cm~m'lel 

. Based upon the results of this check, the follow
Ing prefUght tests were initiated: 

SYSTEM lJn~& 

(1) AN/DPS-3 pressure checks 

(2) 	 Cursor alignment 

(3) Command signal decoder 


(ij Radio repeateJ' 


(5) 	Hydraulic system 

(6) 	Autopilot and Mtenna stab1l1zation 

(7) Inertial guidance 

(8) 	Servo functlonal check 

Th'ese preflight tests were completed and a mated 
electrical check was satisfactory on 22 March 1957. 

When the oervo preflight tests Indicated un
balance <of three valves, It was de;:;ided to filter the 
GAM hydrauUc system. 

Figure 2. Loading the GAM-63A onto the DB-47 Director Aircraft 
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At present, GAM No. 87 is ready for power plant 
pre!l1gllt tests. 

d. Gravity Bomb 0102 

This test vehicle was received at HADC on 11 
March 1957. Telemeterlng and hydraulic systems 
pre!l1ght tests have been completed. It Is planned 
that this vehicle will be launched during April 1957. 

e. Gravity Bomb 0203 

The second gravity bomb arrived at HADC on 
25 March 1957 and hydraulic pre!light tests w~re com
pleted. Telel.teterlng pre!light tests were begun on 
29 March. 

6. MISSILE LAUNCffiNGS 

a. GAM-63A No. 4581 

Missile No. 4581 wall transferred to HADC on 
30 October 1956. The attempted lilunch !Ught of 12 
December was cancelled because of solid overcast 
and Improper operation of the missile yaw gyro. A 
rsecond attempted launch, on 17 December, was can
celled when the control surfaces of the misslle did not 
respond to Simulated corrections. On 20 December, 
normal operation of the weapon system was observed 
until the end of the dry run. At this point, the ter
minal guidance operator reported complete loss of PPI 
display, and the !light was cancelled. 

On 7 January 1957, missile No. 4581 was launch
ed from DB··47 airplane No. 51-219 atl550 hours MS'!'. 
The launch took place at an altitude of 39,330 feet MSL 
and at a Mach number of 0.75. Distance from la.unch. 
point to target was 76.41 nautical miles. 

The prelaunch phase was normal and a satis
factory release was accomplished at 56.0 seconds 
after range coincidence. At launch, hydraulic dis
charge pressure began to decrease and, at approxi
mately 9.0 seconds, reached a level Insufficient to 
operate the servopllot. At this time, the control sur
faces deflected hard over and the GAM became un
controlled for the remainder of the flight. Impact 
occurred approximately 5.0 nautical miles northeast 
of the launch point at 87.3 seconds. 

Investigation of the missile debris disclosed 
evidence of n faulty "0" ring seal in the hydraulic dis
connect. The faulty seal may t.ave caused pump cavi
tation.. but pressure and flow data after launch present 
stronglOf evidence ui a temporary sticking of the pump 
compensator at a zero pressure-output level. Te!;ts 
are being conducted to determine the actual cause of 
the malfunction. 

All flight data Indicate that missile operation was 
normal except for loss of hydraulic pressure. 

The emanating guidance system operated satis
factorily untll approximately 9.0 seconds. At 41.6 se
conds, the relay magnetron ceased to oscillate as the 
relay transmitter power dropped to zero and the relay 
high-voltage increased beyond the instrument limit of 
-2000 volts. 

Analysis of the power plant data indicated satis
factory performance throughout the flight. A normal 
start at turbine fire was followed by a smooth and 
stable Initial by-pass phase . The tranaiUon from by
pass to boost was r.ormal, and although the missile was 
uncontrolled fro::n X-,9 seconds to Impact, power plant 
performance was stable throughout the flight . 

Teleme~ring data show that information was re
ceived until missile impact. Operation of the L-band 
and S-band beacons and destn'ctor systems was satis
factory. 

Tne s e 4 u e nee of events for the flight !8 as 
follows: 

Time in Seconds 

Range COincidence (Start of ACS -56.0 

Countdown) 


Turbine Fire -30.7 

External to Internal Power "!'ransfer -17.95 

Enable (Angular Coincidence Circuit - 0.66 
Armed) 

Angular Coincidence - 0.62 

Gyro Uncage - 0 .54 

Release (Automatlc Checkout - 0.22 
System) 

Release (Umbilical) - 0.10 

Release (Lanyard) 0.0 

Rocket Fire 1.8 

Full Thrust Attained 3.2 

HytlrauUc Pressure Decrease to Level 9.0 
InsuffiCient to Operate Servopilot 

Relay Transmitter Power Drop to Zero 41.6 
Relay High-Voltage Rise to Exceed 
-2000. Volts 

Impact 87.3 
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servopUot maintained satisfactory stability in all 
three planes. At 32.8 seconds, the altitude controller 
cut in and the missile climbed to a maximum pressure 
altitude of 64,290 feet. Relay contact was established 
between the OB-47 and the missile at 89.0 seconds. 
At about 90 seconds after launch, the missile maneu
vered to the left and this resulted In an azimuth error 
of 9°. The guidance operator Initiated several ('om
mands between 195 seconds and Impact in an attempt 
to correct the azimuth error. However, since the mis
sile heading was such that the target was out of video 
scope range , the operator was unable to determine 
exactly what commands should be sent. The missile 
Impacted 2.9 nautical miles northwest of the target 
(North Impact POint). 

Power plant performance was normal during the 
entire flight, with all phase durations in close cor
relation with the ilight plan. The thrust chambers 
shut off at 153 seconds and the gas generator continued 
operating to Impact. Following the flight, a prelimin
ary analysis of data (telemetering S-band plots, L-band 
plots, director aircraft records) was completed. This 
analysis Indicated proper operation of the IReS and 
the command and servo systems. 

Both barometric and Impact fuzing data were 
obtained; however, the impact fuzing film was ex
tremely noisy and reduction was Impossible. 

The sequence of events for the night oi missile 
No. 4684 Is as follows: 

---=. t~. i •."....... __ • 
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b. GAM-63 No. 4684 

Missile No. 4684 was received at HADe on 27 
November 1956. After receiving inspection, the mis
sile and OB-47 director airplane No. 51-5219 were 
prepared for flight In accordance with HADe proced
ures. Followln& satisfactory in-flight checks of the 
guidance and command systems, the launch Bcheduled 

. for 14 January was cancelled when the copilot ob
served a low nitrogen-pressure gage reading. A post
flight check reveaLed an instrumentation error rather 
than a loss of source pressure. 

On 16 J,Uluary 1957,at0722hoursMST, the wea
pon system became airborne on a launch mission (see 
Figure 3) , Following satisfactory checks of the weapon 
system OB-47 Nc. 51-5219 and GAM No. 4684 was 
vectored onto the firing line and the final countdown 
by the automatic checkout system was begun. The 
check proceeded normally and resulted in the automatic 
launch of the missile ~\t 0947 hours MSI'. The launch 
took place at 38,265 feet MSLandata Mach number of 
0.79. Distance from launch pOint to target was 74.7 
nautical miles. 

Turbine arm occurred at -56.3 seconds and the 
turbine fired 25.5 seconds later. Operation of the 
power pl~.nt during t.l!.e inUial bypass phase was normal 
and a smooth transition to the boost phase was effect
ed at 1.9 seconds. All normal pitch, yaw, and roll 
oscillations were damped out by 18.0 seconds, and the 

....... 


~.,.' 
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Figure 3, OB-47 Taking Off with P.ascal Missile 
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Time In Seconds . 

Range Coincidence (start of ACS -56.3 

Countdown) 


IRCS Test to Normal -54.3 

TUl'blne Fire -30.8 

Eldernal to Internal Power Transfer -18.1 

Enable (Angular Coincidence Cir- - 0.56 

cult Armed) 


Angular Coincidence - 0.53 

Gyro Uncage - 0.47 

Release (Automatic Checkout System) - 0.12 

Release (Umb1llcal) - 0.10 

Release (Lanyard) 0.0 

Rocket Fire 1.9 

Fuli Thrust Attained S.l 

Altitude Controller Connected 32.8 

Fuzing Safe Switch No. 1 Closed 90.2 

fuzing Safe Switch No. 2 Closed 92.2 

Rocket Shutoff 153.5 

IRCS Dive 196.2 

Arming Baroswltch Actuatt:d 246.2 

MC-5 Baroswltch Actuated 268.6 

Impact 274.9 

c. GAM-63A No. 4783 

Missile No. 4783 was received at HADe on 24 
November 1956. Recelvlna Ins~ectlons, preflight 
checks, and weapon system checks were completed in 
preparation for a scheduled launch flight on 12 
December. However, InQlement weather precluded the 
possibll1ty of phototheodolite tracking and the mission 
was cancell~ prior to take-oU. Anattemptwas made 
on 17 December to launch GAM No. 83 from DB-47 No. 
51-5220. Prelaunch checks were completed satis
factorily and the weapon system was vectored onto the 
flrlng lilie. The final countdown proceeded normally 
until turbine arm, when the automatic checkout system 
Indicated a "No-Go" condition IUS the blrbine remained 
in the arm position and did notflre. Following mission 
cancellation, a postflight Investigation revealed that a 
fuel tank pressure-sensing switch had failed. 

From 17 December to 21 January, there were five 
attempted launchings of missUe No. 83. A Category I 
captive flight was attempted on 21 January to check 
over-all operation of the weapon system. The night 

was cancelled when command contact could not be es
tablished. A Second category I captive flight, on 23 
January, satisfied all flight objectives; however, at 
turbine shutdown, the copilot reported that the nitro
gen source-pres~ure meter had Indicated a value be
low the minimum specified. The weapon system be
cama all'borne thl'ee more t1ma~, between 31 January 
and 1 February, but these missIons were cancelled 
because of minor malfunctions 02 equipment. 

Prior to take-off for the actual launch flight of 
11 February 1957, ground checks were completed 
satisfactorily on the MA-8 system and adapter equip
ment in DB-47 No. 51-5219. The weapon system be
came airborne at 0700 hours MST, and, during the 
climb to altitude, video and command checks were 
satisfactory. The weapon system was vectored onto 
the firing line and the countdown by the automatic 
checkout system was begun. 

P~.ge coil'!cldem:e 1.V;\A ,'stabllshed at X-56.1 se
conds and turbine flre occurred 25.0 seconds later. 
The missUe was automatically launched at a pressure 
altitude of 38,.70 feet and at a Mach nUlllber of 0.'78. 
At 1.1 se.....;ncls after lanyard release, telemotereddata 
Indicata several Irregularities In the relay and com
mand system. At 74.~ seconds, the hydraulic flow rate 
began to increase, and, at the same time, telemetered 
data Indicate the presence of power plant ~bnormal
lUes. At 78.8 seconds, the electrical system shut 
down, follcwed by a shutdown of the turbine at 79.0 se
conds. 

The servopllot satisfactorily maintained three 
axis stabilization throughout prelaunch and the powered 
portton of the filght. The level-filght shim and climb 
angles agreed with planned values and the altltude con
troller cut in at 31.0 seconds. The missile attained 
an altitude of 54,710 feet MSL, and then fell from this 
altitude tt) Impact (191.3 seconds) without benefit of 
power or guidance. Analysis of the power plant data 
Indicated satisfactory sequencing and performance 
throughout the fllght; the misaUe attained a maximum 
Mach No. of 1.44 at 77.2 seconds. Following launch, 
the transition to booat phase at 1.9seconda was normal, 
with full thrust attained at S.l seconds. The boost 
phase was stable until rocket engine shutdown at 7Q.O 
seconds. The three outputs of the d-c command pack
age shifted at 1.1 seconds after lanyard releaae, and, 
at the same time, the relay +250-volt power supply 
Increased from normal to a value exceeding the re
cording limit of the telemetering instrument. Per
formance of ' the missile's radar set was normal 
throughout the fllght. Telemetered data show that in
formation was received from the 20-channel tele
metering system until impact Md from the 4-channel 
system until power p~t shutdown. 
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The sequence of events for the flight of No. 4783 
,s as follows: 

Time in Seconds 

Range Coincidence (Turbine Arm) -56.1 

IRCS Test to Normal -54.0 

Turbi.ne Fire -31.1 

External to Internal Power Transfer -17.9 

Enable (Angular Coincidence Circuit - 0.68 
Armed) 

Angular Coincidence - 0.65 

Gyro Uncage - 0.55 

Release (Automatic Checkout System) - 0.22 

Release (Umb1l1cal) - 0.1 

Release (Lanyard) 0.0 

First Indication of Abnormal 0.7 
Electrical System 

Rocket Fire 1.7 

Full Thrust Attained 3.1 

Relay Antenna Returns to Normal 10.0 
Operation 

Altitude Controller COMected 3O.S 

Electrical Shutdown 78.8 

Power Plant Shutdown 79.0 

MC-5 Manifold Baroswltch (12,000 ft) 172.35 

MC-5 Probe Baroswitch (12,000 ft) 172.86 

MC-5 Manifold Baroswitch (10,000 ft) 176.23 

MC-5 Probe Baroswitch (10,000 ft) 176.33 

Impact 191.3 

d. GAM-63A No. 4891 

Missile No. 4891 was transferred to HADC on 
30 January 1957. Following receiving inspection, the 
missile and DB-47 No. 51-5220 were prepared for a 
scheduled launch flight. 

The launch mission of 7 March was cancelled 
when command contact could not be established. The 
trouble was attributed to intermittent control of the 
director aircraft (ATRAS) antenna. On 11 March, 
subnormal L-band beacon tracking by the MIRAN 
(master ground tracking statlon) resulted in a "hold" 
being placed on the launch mission at X-3 minutes. 
Postflight investigations trac~ the problem to a de
fective beacon antenna connector. 

On 13 March 1957, DB-47 No. 51-5220 and GAM
No. 4891 became airborne at 0625 hours MST. In the 
climb to altitude (Figure oi), beacon and video. checks 
were performed satisfactorily. During the command 
checks, the operator experienced difficulty In retaln-

Figure 4. GAM-63A Missile and DB-47 Director Aircraft 
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ing the surface center light; this was due to a shift 
In the pitch command reference voltage . Countdown 
by the automatic checkout system proceeded normally, 
and the mlssUe was launched at 0801 houl'S MSl' . 
Performance of the guldancp and propulsion systems 
was satisfactory during the enUre fUght of 90.2nauti
cal miles. The mlsslle attained a maximum altitude 
of 63,796 feet MSL and a maximum Mach number of 
2.74. ApprOXimately 6 seconds alter launch, the nor
mal oscillations of pitch, yaw and roll were damped 
out. At 32.3 seconds, the altitude controller con
nected, but the pitch angle did not change sufficiently 
to produce the proper climb to altitude. Consequently 
the missile reached the control altitude 30 seconds 
later than was pla·.nned. Telemeterlng data Indicate 
that AGe voltage ot the radar set was stable during the 
climb, the mldcourse phase, and most of the terminal 
dive. The data show, at 307.4 seconds that the AGC 
level began to Increase In the negative direction and 
attained a maximum bias of -2.95 volts at 334.5 se
conds; this Indicates satisfactory performance of the 
AGC circuitry. 

Flight dab !m!tcate satisfactory operation of the 
power plant In all phases. Sequenclngcomparedfavor
ably with that planned for the flight, transitions were 
satisfactory, and the over-all performance levels 
were as expected. A normal turbine flre at -28.5 se
conds was followed by a stable Initial by-pass phase. 
Rocket fire was normal at 1.9 seconds, with full thrust 
attained at 3.0 seconds. Nitrogen pressure regulation 
was normal as Indicated by satisfactory nitrogen pres
sure decay during arm, boost, and flnal by-pass 
phases. The MC-5 fuzing baroswitchactuated at 329.8 
seconds. Examilution of the vlbrotron data revealed 
that the ml,slle entered tht! transonic speed region 
(Mach 1.05 to 0.95) a~ 321.4 seconds. 

The missile entered a 35° terminal dive at 
236.2 seconds as Initiated by the inertial range-com

c . Rellability Program 

The Rascal rellabillty program encompasses all 
phases of weapon system development and manufac
ture, and extends from Initial research and design 
phases through operational use of the finished product. 
Consequently, many of the specific reliability con
siderations and Improvements realized during the 
quarter appear under other appropriate sections of 
this report. This section outlines some of the general 
programs of the reliability eHort and discusses reli
ability activities and accomplishments that are not 

putlng system. Range to go at dive was 21.42 nautical 
miles. The missile responded to a series of azimuth 
and pitch commands transmitted from the director 
aircraft between 233.5 and 328.0 seconds. Impact 
occurred at a point 478 feet soo.thwest of the ' target at 
335.6 seconds. Missile range was 90.2 nautical mUes. 

'The sequence of events for the flight of missile 
No. 4891 is as follows: 

Time in Seconds 

Range CoinCidence (Turbine Arm) -53.41 

IRCS Test to Normal -51.20 

Turbine Fire -2B.:;0 

Angular Coincidence 0.50 

Release (Automatic Checkout - 0.44 
System) 

Release (Umbilical) 0.10 

Release (Lanyard) 0.0 

Rocket Fire 1.9 

Full Thrust Attained 3.0 

Altitude Controller Connected 32.3 J.ATRAS Lock-On 111.1 

Search Radar On 114.5 

Rocket Enjpne Cut-OU 155.5 J 
DiVe (IRCS System) 236.2 

Me-273 Arming Baroawttch 303.7 
Actua.ted 

MC-5 Fuzing Buoswttch Actuated 329.8 

Impact 335.6 

Integral to speciflc .areas of the weapon system 
covered separately tn the publication. In addition, 
some speCific examples of reltabll1ty Improvements 
are given. 

Detailed rellab1l1ty InformaUon may be found in 
the System 112A Quarterly Rdblbillty Report, Bell 
Aircraft Report 56-989-113, for the period ending 
28 February 1957. 
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1. COMPONENT Llf'E-TESTING PROGRAM 

a. Beacons and Destructor Assembly 

The S-band beacon subsystem, whi,ch includes 
the destructor channel, and the L-band beacon have 
completed the scheduled IOOO-hour life test at Tele
rad, Flemington, Ne,~ Jersey. Table mis il summary 
of significant test results. 

Upon return of the S-band beacon to Bt!ll Alrcrait 
Corporation, a design analysis will be condl.tcted on the 
receiver-transmitter unit to determine the cause of 
(lve repetitive failures of a 2021 tube. 

b. Servo Amplifie!rs 

Reliability life testuJg of the SUt repackaged 
servo amplifiers has been completed at Federal 
Telecommunlcation81 Laboratory. The test Iscycllcal 
In nature and Is performed under a combined temper
ature, vibration, and a.\Utude environment, Design 
evaluation reports on this work are being analyzed at 
Bell Aircraft. 

c, Servo SubSystelll 

A lOOO-hour life test is belng conducted on com
ponents of the following Rascal systems. The compo
nents are generally of GAM-63A No, 74 configuration 

and are being tested in the airframe of GAM-6M N~. 
72. 

As of 22 March, 26 cyci.es of composite opera
tion plus a check cycle conducted at the end of every 
10th composite have been completed, A total of 340 
operating hours tuu.' resulted In the following rel!
ablllty-lylle fallures: 

System or Component Rellability 
EDR's 

Parts 
Failures 

Nonemanating Guidance 
System (IRCS) 

1 1 

Fllght Centro! System 32 17 
Servo Components, 

Radar Set 
1 1 

Servo Components, 
Radio Set 

2 

GAM-63A Awtlilary System 1 1 
(Includes hydraulic and fin
fold subsystem and most of 
electrical subsystem com
ponents) 

d. Blower Motors 

Twenty Western Gear F2-3 blower motors are 
being tested to fallure under an ambient temperature 

TABLE m 

TEST RESULTS - S-BAND AND L-BAND COMPONENTS 

S-Band 
Components 

RellabUtty 
Gonis 

Observed 
RellabiliUes 

ReUablllty- Type 
Failures 

Destructor AsselQbly 99.8% 99.8% 2 parts failures 

Rec9iver- Transmitter 99.6% 99.2% 6 parts failures 
2 adjustments 

Power fQppl." 99.8% 99.9% 1 adjustment 

Complete Unit 99.2% 98.9% 8 parts failures 
3 adjustments 

L-Bar:d 
Components 

Recelver- Transmitter 

ReUabUity 
Goals 

98.8% 

Observed 
ReliabUlUes 

99. '1% 

Reliability - Type 
Failures 

4 parts fallures 

Power &Upply 99.9% 100 % 

Complete Unit 98.8% 99. '1% 4 parts failures 
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of 125°C. All bearings have been greased In accord
ance with BLC 160-1. In add1t10n, lubricated dust 
caps were placed over the rear bearing on four of the 
motors. All motors are cycled on-off periodically, 
and the test wUl be continued until eacb motor has 
falled twice. 

Thus far, 510 test hours had been accumUlated. 
Four (uncapped) motors failed twice and were re
moved [rom test. In each case, the Initial failure was 
due to bearing contamination and wear; the second 
fallure , after replacing tile bearings, was attributed 
to rotor binding In the stator. 

A fifth motor, containing a dust cap, faUed 
because of open windings at 413 hours and was re
moved from test. Two of the remaining 15 motors 
still In operation have failed once; neither had dust 
covers. The fallure In each case was attributed to 
contaminated and worn bearings. 

e. 	Completed Life Tests 

The following life test programs ....ere completed 
prior to this quarter. Test reports will be issued 
after final evaluation of data. 

(.) 	Radio Set, AN/DSW-l, Relay and Command 
Subsystem (less servo components) 

(2) 	 Radar Set, AN/DPS-3, Unattended Search 
Radar Subsystem (less servo components) 

(3) 	 FuzUlg System Components 

(4) 	 Missile Simulator Group 

(5) 	 YLR-67-BA-9 Rocket Engine 

(6) 	ModlCted servo AmpUfl.ers 

2. MISSILE LIFE TEST PROGRAM 

a. 	GAM-63A No. 78 

In the life test progrlUll, missile No. 78 has 
completed 80 tests, Including 75 composite systems 
tests. A summary of testing results follows: 

(1) 	 Laboratory testing, less vibration, less 
power plant 

Reliability for 1st 10 compoeites 68% 

RellablIlty for 2nd 10 compo61~~e 77% 

Rellablllty for 3rd 10 composites 77% 

Rellabtllty for 4th 10 composites 87% 

Rellabtllty for 5th 10 composites 63% 

Cumulative reliab1l1ty for the 
50 composites 	 77% 

20 

(2) Vibration testing phase 

Rellab1llty for missile, les8 pro

pulftion system, including vibra

tional tests 


ReJlab1llty for 10 vibrational 

tests alone 70% 


(3) 	 Propulsion testing phase (15 tests 
conducted at _55 0 to _65 0 F) 

ReliabUlty for missile, less pro
pulsion system a..lCl asSOCiated 
GAM-63A awdllary equipment 

ReUabtHty for propulsion system 

Rel1abUlty for miSSile, IncludlrJg 
propulsion system 50% 

(4) 	Cumulative rellabll1ty for miSSile, 
less propulSion system, for 80 
tests 76%* 

50 compOSites at ambient temp
erature 

10 composite3 under 'libraUon 

10 compoaltea (Propulsion system op
5 Incomplete (eratlng at cold temp
compol!lltes (erature 

5 reference compos1tes at cold tempera
ture 

ljIStatistically, the 73% and 76% reUablUtles are 
not considered Significantly different. 

GAM-63A No. 78 is now at the Wheatfield plant 
being prepared for altitude chamber environmental 
tests. The tests will consist of 55 composite sys
tems testa ill 11 groups of five teats each. Teatlng 
will be peJ'formed at temperatures ranging from 
_100 0 to +2oo°F and at altitudes up to 100,000 feet. 

b. 	GAM-63A No. 86 

The second life-test miSSile, GAM No. 86, is 
awaiting the start of the Initial phase of the life-wst 
program which will Include 50 composite syste14S 
tests. These testa will provide additlonal data ~rti
nent to determining the rellabiHty of the present 
weapon system. 

3. 	ENVIRONMENTAL RE-EVALUATION PROGMM 

Testing of the flight control and inertial range
computing systems is contlnulng in the environmental 
re-evaluatlon program. Thus far, 1612 environ
mental tests had been completed OD electronic and 
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hydraulic components. Of the units in test, 31 units 
have cClIUpleted three cycles, 9 units have completed 
two cycles, and 14 units have completed one cycle. 

4. ENVIRONMENTAL DATA-COLLECTING PRO
GRAM 

a. Temperature and Vibrational Testing 

Two reportF. were Issued dur~I1.g this quarter 
dealing with temperature and vlbratlon data gathered 
In the program. Report 56-984-034 presents the 
temperature data, and Report 56-984-035 the vibra
tion data, recorded during the ground tests, and 
captive and final flights of GAM-63A No. 4075. 
Additional temperature and vibration d9.ta bave been 
obtained from missiles Nos. 76, 77, 79, 81,82, and 
83 during ground iests, captive flights, and free 
flights. Missiles Nos. 80 and 97, which also contain 
environmentAl Ine' "UmentaUon, have not yet been 
flown. 

In general, the vibration data recorded Indicate 
that the aft section of the missile receives a greater 
degree of vibratory excitation than the forward sec
tion, and vibrations In the vertical direction are more 
severe than in the lateral or longitudinal directions. 
The data Indicate that vibration IntenSity Is affected 
by various flight parameters such as surface deflec
tions, missile altitude, and power p!3nt phase. Within 
some broad range of frequencies, the vibration data 
recorded during static compoSite systems tests (with 
propulsion) compare closely with data recorded during 
final fltght. 

Temperature data recorded thus , arE: of the ' 
magnitude expected. Except for data recorded from 
two locations close to hlgh-heat-produclng components 
of the turbine pump, the Internal ambient and compo
nent temperatures are within the range of -65° to 
+165°F specified for satisfactory operation of the 
Rascal missile. These temperature data represent 
the temperature environment which will be experi
enced during future flights of GAM-63Aml~::Ueawhen 
captive and free-filght plans are similar to those now 
In use. 

b. Acoustical Testing 

Acoustical level measurement testa have been 
conducted on llIe GAM-63A missile. Sound levels of 
126 to 146 db were recorded In missile equipment 
compartments. Measurements of field noise p3.tteme 
Indicated noise levels up to 151 db in the horizontal 
plane of the thrust chamber. 

Some parts have been subjected to nominal 
sound pressure levels of 145 db. The results on 
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certain tranSistors, capaciiors, reSistors, diodes, and 
impact accelerometers indicated no slgnlflc:mt effects 
of the I1lgh sound level. Certain tubes, relays, and 
baru..,gttchb~. however, have shown sufficient In
fluence or r~al.'t1on to warrant further Investigation of 
critical parts a.'l,~ assemblies. 

No equipment lOlul!unctions OJ' l!:.Hures, during 
ground testing or captive a.~ nnai flights, have been 
attributed to acoustical enerlr.! environments. 

Further acoustlcal teats 111 the blboratories are 
planned on parts and assemblies to learn more about 
aCOIlstical environment and its influence, and to develop 
testing techniques and procedures capable of coping 
with related potential problems. Plans for improved 
versions of this weapon system include the provision 
of Instnunentation for the collection of acoustical and 
other environmental data during the captive and free
flight testing of missiles. 

5. RASCAL RELIABILITY EDUCATION PROGRAM 

Phase n of the Rascal ReliabUlty Educational Pro
gram, which began In October 1956, was completed on 
29 January 1957. This phase consisted of showing the 
motion picture, "No Margin for Error," to IPlI manu
facturing personnel concerned with prodUction of the 
GAM-63A. Witnessing the 170 presentation.. ,~ th" 
movie were 2634 employees from the N~:!li.ra Falls 
and Wheatlield plants. 

Following each presentation, questionnaires were 
distributed among the attendees so that each could 
express his reaction to the program. Suggestions 
submitted wUl be used as a guide In formulating the 
third phase of the educational program. Lists of 
significant comments from the 2300 questionnaires 
completed have been forwarded to the approprtate 
departments . 

Almost 50% of the questionnaires urged that more 
emphasis be placed on proper handUng of parts and 
components. Many participants indicated that more 
programs of an educational nature are needed. Such 
programs provide the employee with a broader view 
of the Rascal effort, affording each an opportunity to 
orient his isolated function with the whole program. 
With these comments In mind, phase m is being 
developed to emphasize care in the handling of mater
Ial and will attempt to point out that each lob is part 
of an integrated whole. 

Phase In wlll emphasize reliab1llty on a depart
menial level. A qualified man bas been chosen from 
each department lnvolved to help develop and to 
narrate a script explaining some of the acute problems 
concerned with that department. Colored slldes will 
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lllustrate each talk and wUl point out some of the 
repetitive rel1abU1ty problems encountered. Both 
properly handled and damaged equipment w1ll be 
shown and the seriousness of a resulting malfunction 
to missile operatlon will be brought out. 

As a supplement to the regular reUabUity pres
entations, large colored posters stressing the reli
ability concept (Figure 5) have been placed in strategic 
locations throughout the Bell Aircraft facUities. 

6. RELIABILITY PRESENTATIONS 

A reliability presentation was made, at the request 
of the Air Force, to USAF personnel concerned with 
the E&ST operation of System 112A at Eglin AFB, 
Florida. The presentation was of an orientational 
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Figure 5. Typical Reliability Posters 

and educational nature on the subject of reliability 
pertinent to supply and maintenance activities at 
Eglin. 

On 28 February, approximately 100 Air Force 
supply and maintena!lCe personnel attended the pres
entation which included the showing of the second 
rellabll1ty movie, "No Margin for Error." 

A secol'd preselltation, embodying more of the 
concer~ and status of the ReliabUlty effort, was given 
to the Bell Aircraft service and technical representa
tives at Egl1n. 

The ReliabUUy Control Section, Guided Missiles 
DiviSion, coordinated the establlahment of a reliabllity 
reporting system at Eglin. This system is simUar 
to the one employed at Bell Aircraft testing facmtl!.. ~ 
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On 11 February 1957, at the request of the local 

AFPR office, a short discussion of basic reliability 
concepts and philosophy was presented to an audience 
of about 25 USAF personnel from the AFPR office. 

7. MISSILE TESTING 

a. More Comprehensive Factory Testing 

More comprehensive factory tests are being 
applied Initially to missiles Nos. 87, 88, and 89. The 
new reliability requirements are that at leastl5 com
posite system tests be conducted on each missile 
during factory testing. Forty percent of the com
posites must be successful (no reliability-type fall
urt!s) and the last two "f the 15 must also be success
ful. 

A minimum number of operating hours during 
missile factory testing has been established fl)r each 
of t1u~ 11. ~(ld ele('trical circuits or systems. Included 
also are iactory observed mean-time-betwecii-ran::.s 
(MTBF) figures. 

Minimum Factory Ob
Operating served MTBF 

Hours In Hours 

Master Power 125 704 

Servo B-Plus 60 29 

Hydraulic and Servo 50 263 

Radar Low-Voltage 50 19 

Relay and Command 50 18 
Low-Voltage 

Inertial Range Com 20 49 
puting System 

Used as a basis for these figures were mean
time-between-failure data and average operating time 
during factory testing of missiles Nos. 75 through 85, 
excluding No. 78. Where practical, the minimum op
erating times were determined to provide sufficient 
assurance that the test results were significant. 

b. GAM-63A No. 87 

GAM-t::!~ No. 87 has completed the full 15 com
posite systems tests required during the lactorytest
Ing phase. The minimum operating times set up for 
the electrical Circuits Involved in the tests were met. 
The over-all observed reliability for the 15 composites 
was 76%, but for the period Including the last 10 tests 
the missile had a reliability of 90%. Of the 15 com
posites conducted, 10 were completely successful, 
exceeding the requirement that 40% of the tetfls be 
failure-free. Of the last 10 tests, 8 were completely 
successful. 

8. EQUIPMENT DISCREPANCY REPORT ANALYSIS 

An analysis of 848 Equipment Discrepancy Reports 
(EDR's) covering the period to 5 February 1957 has 
been completed. These EDR's deal withmlssllesNoll. 
58 through 84, AN/APW-17 systems 5 and 14, and 
DB-47's Nos. 219 and 220. Data were compiled during 
the complete field-testing phase atHADC and covering 
discrepancies on operaUonal systems only. The 
following Is a summary of problems encountered and 
the status of corrective action taken (whether the 
problem Is sUll open or has been closed): 

Problem Status 
Type of Discrepancy Closed Open Total 

Design 52 32 84 

Workmanship 124 9 133 

Test 146 11 157 

Vendor 74 23 97 

Dependent 12 0 12 

Totals 408 75 483 

On those problems sUll considered as open, interim 
corrective action has been taken in most cases and 
final corrective action Is under way on each. All 
HADC EDR's are being carefully monitored to ensure 
the most expeditious completion. 
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D. QAM-63 MI••lle 

t .Ir"'r&rn_ 

A. SYNOPSIS 

The GAM-63A missile has an over-all length of 32 
feet, a maximum body diameter of 4 feet, and a gross 
weighi of approximately 18,300 pounds. Structurally, 
the airframe consists of flve major sections: the 
radome, forward body, warhead section, center body 
(tank section), and aft body (see Figure 6). These 
divisions are based upon functional requirements as 
we 11 as component accessib1l1ty and ease of shipment. 
The structural components of the Rascal missile are 
shown In Figure 7. 

The radome, a laminated ogive, encloses the 
unattended search radar antenna and is attached to the 
forward body by means oi a Dplic~ riug. The lVl'w..i'd 
body section includes the rudders, the forward wing 
and elevators, and houses guidance and servo units. 
Two large structural doors provide access to the upper 
compartment of the forward body. The lower com
partment is accesfllbie by removing the lower door 
of the warhead section. 

Th~ w3.rheac\ section consists of a fixed upper lu!.lf
shell and a removable lower half-shell which permits 
installation of the warhead. A small access door is 
provided at the top centerline of the upper shell for 
servicing the warhead. 

The center body section is a ring-stlffened cylin
drical' shell of aluminum alloy with integral oxidizer 
and fuel tanks compartmented to maintain center-of
gravity control. Nonstructural tunnels running fore 
and aft on top and bottom of the body enclose electrical 
cordages, as Vlell as propellant, nitrogen, and hy
draulic lines. 

The aft body section includes the vertical and 
horizontal tail suriaces, equipment compartment, 
rocket engine, and aft cowling. The rocket engine is 
mounted on a truss attached to, and supported by, the 
carry-through structure of the aft horizontal wing. 

Launching provisions conflist of two forged steel 
fittings used to attach the GAM-63A to the director 

I 

[ --r ,.,lw~.""RADOME-+SODV. SECTION ---i--CENTER SOOY---t-AFT BODY 

Figure 6. Cut-Away View of Rascal Missile 
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aircraft by means of sbac.ltle-type hooks. One fitting 
Is located at the forward end of the warhead sectlon, 
and the othe. Is located in thecenterbcdl' between the 
propellant tanks. 

B. STUDY PROGRAMS 

1. GAM-63A Radome 

The Investigation of rain-erosion protectlon of 
the Rascal radome Is complete. A report summarizing 
this effort bas been submitted to the WSPO. 

2. Low-Viscosity Hydraulic Fluid Investigation 

Additional quantities of XF 4270 hydraullc fluid 
have been received from the Dow Corning Company, 
and the lubriCity tests are being continued. In the en
durance test portion of the hydraulic fluid evaluation 
program, more than 400 hours of running time has been 
accumulated using a New Lock Air Pump Model 
66WA300. There haa been no appreciable change in 
the vlscoslty, denr.1ty, or neutralization number oft."e 
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Figure 7. Structural Components o( Rascal Missile 

hydraulic fluid. Also, there has been no notlceable 
change In the performance characterlstlcs of the pump. 

3. Redesigned GAM-63A De&~ructor System 

A proposal for 3. redesigned GAM-63A destructor 
system was presented to the WSPO late In 1956. A 
test program has been completed to determine the 
rellab1llty of the presentprtmacorddestructorsystem 
when operated at -65·F. This program employed 10 
simulated missile sections with prlmacord and des
tructor boxes Installed. The test sections were sub
jected to environmental conditions of humidity, tem
perature, and vibration. Complete separation of the 
sections was accompllshed during each test. Areport 
is being prepared to summarize this test program. 

4. SlmpUflcatiol. :.,~ the Electrical System 

Components of the GAM-63A electrical system 
are being studied in an effort to slmpUfy CirCUitry and 
reduce their size and weight where possible. 
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Testing hal! been completed to determine the 
feasibility of using magnetic tubing as a shield for 
mlsslle wiring. Test results show that the voltage 
induced in a wire as a result of electromagneUc fields 
1s negligible. 

An Investigation resulted In Increasing the dl
X'uenslona of L'le alternator frame so that the T.K.M. 
Elect:i"lc Corporation can meet the output requirements 
for this unit. Revised drawings reflecting Increased 
dimensions were forwarded to the vendor_ The first 
prototype of the T .K_M_ alternator Is scheduled for 
completion during the next quarter; the unit will be 
subjected to thorough evaluation after delivery to Bell 
Aircraft. 

Electrical evaluations of teflon wire, treated 
with an etching agent of metallic sodium and liquid 
ammonia, have indicated that the adherence properties 
of the \.'ire In conjunction with flexible potting com
pound Is satisfactory. 

C. SPECIF1C SYSTEM IMPROVEMENTS 

1. BoattaU Redesign 

Work on the redesign of the circular aft body 
and engine cowllng Is approximately 80% complete. 
Further engineering of this item was terminated 
during the quarter. 

2. Thin-Wing Design 

The redesign of the aft thin wing (4% root sec
tlon) has been terminated. 

propulelon eyet_"" 

A. SYNOPSIS 

The GAM-63A is powered by a liquid-propellant 
rocket propulsion system incorporating a turbine pump 
drive unit. The thrust rectUired to propel the missile 
to supersonic speed is provided by three identical 
chambers that develop 12,000 pounds thrust at an alti 
tude of 40,000 feet. 1'he liquid propellants are pumped 
to the thrust chambers by a gas-driven turbine pump 
which &1so furnishes auxiliary power to drive the 
hydraulic pump and alternator through suitable take
off pads. The turbine pump, utilizing fue iiil:!.\e ~::'C " 
pellanUi as the rocket engine, may be operated Inde-

D. WEIGHTS REPORTS 

During this quarter, weights reports were prepared 
for mlssUes Ncs. 84 and 95. The Bell Aircraft report 
numbers are 56-942-121 and 66-942-001, respectively. 

E. FLUTTER ANALYSES 

Reports are being prepared to summarize the flutter 
studies performed for the aft horizontal surface and 
the rudder. These reports compare computed with test 
modes and frequencies. 

Tests to determine experimentally the dynamiC 
characteristics of the airframe In the pitch, roll, and 
yaw planes are essentially complete. These dynamic 
characteristics are obtained by feeding a sinusoidal 
Input to the controls and recording the response from 
several points on the airframe. The experimental 
data, together with discussion, associated stability 
anaiyses, and conclusions, are being assembled intoa 
report. 

The program of measuring the free play of the con
trol surfaces Is continuing. Data have been examined 
from the flights of seven missiles wlthknownamounts 
of free play. While In some cases the free play ex
ceeded that allowed in Paragraph A-17 of Specification 
66-947-011, no detrimental effects on flutter stabU1ty 
have been Indicated. Although the free play measured, 
using the regular procedure, compared satisfactorily 
with the free play determined during the test of the 
controls (see Quarterly Report 56-981-021-45), im
provements were noted which increase the reliability 
of the measurements by compensating for the effects 
of elasticity and friction. A reVised procedure will be 
used to make all future free-play measurements. 

pendently of the thrust chambers by passing the 
pumped propellants back to the tanks. Thus, the 
tul'blne pump assembly continuE:': t., furnish the re
quired electric and hydrauUc power during peri0<i8 
when thrust chamber operation is not required. 

The propellants, JP-4 jet fuel and inhibited white 
fuming nitric acid (IWFNA) oxidizer, are contained In 
tanks that are integral parts of the airframe. The 
oxidizer tanks, fabricated from stainless steel for 
missiles through No. 4277, are presently fabricated 
from Type 6061 aluminum alloy. Type6061aluminum 
alloy fuel tanks, having passed the slosh and vibration 
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quallf1("ation tests, have been installed in all missiles 
since No. 4178. Also incorporated in the aluminum 
fuel tank is the conversion to a bladder-type expull1.10n 
system. Work on the bladder-type expulsion system 
for Oxidizer tanks has been cancelled. Tankpi'essuri
zation and valve actuation is accomplished by use of 
nitrogen gas under high pressure, stored in lube 
bundles conforming with the inner circ.umference of 
the missile. The oxidizer WFNA was used for the 
XLR-67-BA-1 and YLR-67-BA-5 engines and IWFNA 
for the YLR ·ti7-BA-9 engines. The additionofhydro
fluoric acid to WFNA has reduced the rate of corrosion 
in the entire propulsion system and has resulted in 
holding the oxidizer within specifications for a con
siderably increased length of time during storage in 
the missile. 

When the launching method was changed from a 
powered launch to free-fall launch, the protection of 
personnel in the director aircraft was no longer a 
factor during powered operation; thus, most of the 
safety system formerly used became unnecessary ex
cept durins grO'.md tlrings. As a result, the safety 
system was modified so that only turbL!1! pump oper
ation is monitored during the prelaunch period, up to 
the time the rocket-fire signal is given. 

Missile Nos. 4581, 4684, 4783, and 4891 employing 
the YLR-67 -BA-9 rocket engine were flight-tested at 
HADe during this quarter. The propulsion systems 
I)f these missiles perfot'med sat1sfac~ctily through 
their r~spective filghts. 

A toW of nine aborted filghts was experienced 
with misslle No. 80 during the last two quarters of 
1956. Three of these were the result of propulsion 
system failures. The firstfaJlure, involving improper 
sequence valve operation, was reported in the last 
quarterly report. The other two failures resulted 
from moisture freezing in the pressurization system. 
This prevented fuel tank check valve operation in one 
instance and plugging of the nitrogen filter in the other 
instance. The entire nitrogen pressurizing system has 
been subjected to drying procedures. Missile No. 80 
is scheduled for filght during the next quarter. 

B. SPECIFIC PRODUCT IMPROVEMENT 

1. Rocket Engines 

In the course of developing a rocket engine suit
able for qualification testing and subsequent produc
tion, several engine designs were tested and approved. 
The XLR-67-BA-l and the YLR-67-BA-5 deSigns, 
approved for use during the initialphases 01' the Rascal 
flight test program, were used in missiles Nos. OIM 
through 3964. The YLR-8 7 - BA-9 engine, superseding 
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the: former models, has completed the Preliminary 
Flight Rating Test and the test reports have been 
approved by the WSPO. The -9 engine is employed on 
all flisht test missiles inclUding those for the E&ST 
program. 

The formal Preliminary Flight Rating test pro
gram of the YLR-67 - SA ·11 engine has been combined 
with the formal qualification test program of the 
LR-67-BA-ll engine. These tests will be utilizing 
IRFNA. Specif1cations and test procedures for the 
LR-67-BA-U engine have been submitted to the 
WSPO jor approval. The formal qualification test 
program of the LR-67-BA-ll engine will begin early 
in the next quarter. 

Five YLR-67-BA-9 rocket engines were ac
cepted after 13 runa. One rocket engine, serial No. 
25, was rejected because of low specific impulse. 
The major problems encountered were with the 
sequence valve, the gasket between the turbine mani
fold and manifold Support, the gas generator transi
tion duct gasket, and leakage past the turbine mani
fold mounting bolts. An excess of cement, used to 
seal the exhaust duct to the manifold gasket, caused 
small fires during three runs. 

2. Thrust Chamber Assemblies 

a. Tubular Thrust Chambers 

During this quarter, 26 runs were made on 
thrust chambers. Eighteen thrust chlUDbers were 
accepted for the YLR-67-BA-9 rocket engines. Nine 
of the 18 chambers were originally rejected after 
failure to meet the requirements of Specification 
56-947-328. The data from these rejected chambers 
were later evaluated in accordance with AMC letter 
dated 2/14/57, "Accepta.'lce Requirements and Pro
cedures for YLR-67 -BA-9 and -11 Engines - Contract 
AF 33(038)-15069". The re-evaluation showed that 
the chambers were acceptable. 

Primary efforts during this quarter were 
directed toward determining the durablUty of the tubu
lar thrust chamber. Since high chamber pressure 
could be a contributing factor, steps ' were taken to 
limit the throattoam1n1mumof4.95sq in. Production 
line dimensioned checks after each operation indicated 
that the major shrinkage occurred during the casting 
process. To reduce the shrinkage, 2.510 in. diameter 
steel plugs were machined to the throat contour and 
inserted in two tube bundles prior to casting. These 
plugs were not removed, except for measurement 
checks, until the chambers were completed. A dura
bility fire test series was then made on each chamber. 
The throat area on both chambers was greater than 
5.00 sq in. One chamber has completed nine 160~ 
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second runs; the other has completed five 160-second 
runs. Severe tube leakage occurred du.l'ing the testing 
of the second thrust chamber. This was due to an 
injector discrepancy. In accordance with these re
sults, recommendations have been made to cut all 
new thrust chambers with throat plugs. 

A test program is being conducted to det\-l 
mine the effect of between-run servicing procedures 
on thrust chamber durability and the adequacy of per
forming such operations on the test stand or motor 
mount. The major items involved are the nushing 
of the regenerative coolant tubes and the application 
and baking of the ceramic thrust chamber linell. The 
first chamber in this program had a life of eleven 160
second runs at 500 psig chamber pressure. The 
chamber was removed from the test stand, water
flushed, dried, recoated with ceramlc,and baked in an 
oven prior to each run. For succeeding chambers 
this procedure will be varied and methylene cloride 
will be used as a flushing ageilt. 

As a result of the success of the Linde Flame 
Plating process on the 4000-lb drilled-aluminum 
thrust chamber, the pos81b1l1ty of plating the COnver
gent and throat sections of the tubular thrust chamber 
is being investigated. It is believed that, if 0.003 in. 
of tungsten carbide could be applied in the throat area 
of the tube bundle, the thrust chamber durabUitywould 
be increased. 

b. Drilled-Aluminum Thrust Chambers 

Drawings were released to fabricate three 
drilled thrust chambers of 5052 aluminum alloy. These 
will be used to evaluate chamber erosion of aluminum 
when copper and silicon are not present in the alloy, 
and when coatings such as Hardkote, tungstenca.rbide, 
and microme are appUed to chamber walls of this 
alloy. 

Activity on the drilled aluminum thrust 
chamber during this quarter was again largely confined 
to injector evaluation. This phase of the program is 
covered in section 2, d, of this report. 

Two thrust chambers with tungsten-carbide
coated chamber sections were fire-tested to compare 
the durab1l1ty of the coating utilizing chrome r.1ckel as 
a bi;tder with that employing a cobalt binder. The 
thrust chamber with the chrome nickel binder exceeded 
engine qualification .. equirements by a considerable 
mugln. Testing on the chamber with the cobalt binder 
was concluded after six 160-second runs when the re
generative coolant pasBages were exposed. However, 
this testing was not considered conclusive because the 
cobalt binder coating was accidentally scored during 
machining and failure occurred at this point. At 

least one additional chamber With each coating Will be 
fire-tested to confirm these results. 

c. Refractory Coatings 

A drilled aluminum chamber coated with 
Norton Company flame-sprayed zirCOnia (Rokide "Z") 
was evaluated by firing a coated chamber on a test 
stand. The coating was .moderately durable, but 
spilled neu the nozzle end of the chamber. A second 
chamber Is being coated; the coating thickness will be 
held to a maximum of 0.010 In. to reduce the spall1ng 
tendency. 

d. Fuel Injectors 

During this quarter, 29 injectors for the 75L* 
thrust chamber assemblies were tested and accepted. 
To date, 264 units of this configuration have passed 
preliminary acceptance tests. Nine lI,d.dit:t.onal1nj~c
tOI'l' of the same configuration were ACcepted for 
future assembly of test engines. 

Other steel injector tests included the evalua
tion of the effects of redueing the fuel-dome-injeetor 
fuel valve seal area to accommodate the self-con
tained injector fuel valve. No performance or heat 
rejection differences were noted as a result of this 
change. 

Testing of injectors for use on drilled
aluminum thrust chambers continued during thilf. 
quarter with durabllity tests on both "doublf!t" and 
standard stainless steel injectors. This program has 
been separated into two phases and may be classified 
as follows: . 

(1) 	 To develop a coating for the aluminum 
chamber which wlll allow extended oper
ation with standard production injector 
using inhibited acid. 

(2) 	 To develop an injector which will be 
compatible with the present Aiumillte 
Hardkote thrust chamber, also using 
inhibited acid. 

Testing on the phase I program was con
tinued With the evaluation of an additional tungsten
carbide-coated chamber. T'nis chamber was the first 
tested using a chrome-nickel binder for the tungsten 
ca.rbide coating. The injector used was a standard 72
pair caunterbored injector. 'The chamber was tested 
over a total duration of 3320 seconds at which time a 
gouge appeared in the chamber Wlfll and invalidated 
further testing. Operation af thilll unit included 17 
full-duration tests conducted at rated thrust conditions 
and ambient propellant temperatures. One hot test 
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of full duration was made, as well as one 60-second 
test at -35" F propellant temperatures. Four additional 
thrust calibration tests oi 60-second duration were also 
completed. No erosion or gouging of the chamber or 
coating was noted as a result of temperature or 
pressure variations. The average performance for 
all runs represented a 1.5%lncreaae over the required 
lsp of 243 seconds at ~O,OOO feet altitude. 

Four duration teiit.s wei'e completed en ~ 
second tungsten-carbide-coated chamber (DA27) hav
ing a cobalt binder; no adverse effects were noted. 
Tests are corotinulng on this unit. 

The phase II development work hu been 
primarily concerned with the evaluation of various 
"doublet" configuration injectors. ThIs Injector pat
tern has demonstrated its compatib1Uty of operation 
with the ''Hardkote'' coated thrust chamber. Theper
formance level of the original injectors tested was 
somewhat low, 

Injector R-563, incorporating an Alumil1te 
Hardkote coating on the face of the injector, was tested 
for 12 full-duration fiI'lngs using a standard drilled 
aluminum chamber. Tn.e performance averaged 2.5% 
over the required level. These tests also include one 
full-duration "hot" propellant test without chamoor 
damage. Cold propellant tests were then made on the 
injector thrust chamber combination and these resulted 
in Sl)me combustion instab1Uty at -35" F propellant 
temperatures. 

Further cold propellant tests were subse
quently made on other injectors with slight modifica
tions to the Injector "doublets". Two of these injectors 
showed stable characteristics at _35°F propellant 
temperatures. The modifications wW be incorporated 
into subsequent units. 

The final injector modification tested during this 
quarter Incorporated an increased impingement length 
on the doublet sets of the injector. Although perform
ance of this unit has been satisfactory, only four 
duration tests have been completed to date. Testing 
will continue. 

The evaluation of variations in thrust me8.2 ure
ments at the WheaUield plant and at AF Plant No. 38 
was completed. Two standardized Baldwin load cella, 
calibrated and certified by the manufacturer, were 
used to ca1l\brate the individual test stands. No re
corcbb!e dlflferences in th~ tlu"'ust measurements were 
found using the cert1f1ed units. The deviation previ
ously found was attributed to the slack or variation in 
the t.~nsUe tester used to calibrate the previouely 
used "master" Baldwin load cells. 
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3. Turbine Pump A.lulembly 

a. Turbine Pumps 

During this quarter, 22 runs were made in 
acceptance testing l'~~ turbine pumps for YLR-67 - BA-9 
rocket englneli. The major difficulties encountered 
were the same as on engine testing. 

A total of 43 runs, 30 runs at ambient tem
perature and 13 at -35"F, were made with turbine 
pump assemblies numbers GP6T, GP14T, GP15T, and 
G-2 (qual1fication test Ji'imp No.2). All of these 
pumps Incorporated f;he dua-l-flow (fuel and oxidizer 
metering) flyball speed control system. Included In 
the 43 runs were three firings which were shut down 
mR'lually because of propellant leakage in the test 
stand hardware, and five malfunctions. Of the five 
mal1uncUons, three were due to overspeed conditions, 
one was due to turbine manifold high-temperature 
probe burnout, and one was due to human error. A 
brief description expla1n1ng the rUns Oil each of the 
four pumps mentioned follows: 

Twenty-eight R&D runs were made with pump 
Gl?6T to obtain more data on the occuional Instab1l1ty, 
and attempt to pinpoint the cause of the instability. 
RellUlts to date are not conclUSive and further tests 
will be run. 

Two runs were made with turbine pump GP14T 
to re-affirm the acceptab1l1ty of this pump. This unit 
had previously been accepted, but after being incor
porated into an engine, the unit operated erratically 
during the engine hot firings. Since performance during 
these two runs was within specifications, the pump was 
delivered to the engine group and reinstalled on engine 
No•. 1 wblch is scheduled for preliminary flight rating 
teats. During this next series of engine runs, the PIlDlP 
performance was within specification, but the operaUon 
WI\8 not entirely satisfactory. The propellant seal 
lukage, while within the allowable limits, was rather 
hlgh. This seal leakage was not considered desirable 
this early in the lengthy fi1ght rattng test program. 
Subsequent dismantling of the pump revealed a 0.0009
in. clearance between the turbine shaft and the ball 
bearing, as well as a static unbalance of the turbine 
shaft assembly of 0.114 inch-ounces at the rotor end 
and 0.085 inch-ounces at the Impeller end as con
pared with a maximum allowable unbalance of 0.03
incb ounces. The severe unbalance of the turbine 
shaft assembly, introductna higher amplitude vibra
tions, contributed to the somewhat erratic pump opera
tion, especially the hlgh propellant seal leakage and 
the repeated mechanical fallures of the speed control 
governor during the history of this pump. Spring 
steel lockwlre will be used in the governor in place 
of a cotter pin to retain the fty-weight. 
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seven runs were made with pump GP15T in 
the process of acceptance testing. This unit was con
sidered acceptable and has been delivered for incor

I 
I poration into engine No. 2 which is scheduled for pre

liminary fitght rating tests. Since cancellation of the 
engine prelimirlary fitght rating tests, pump6 GP6T 
and GP14T have been returned to the Manufacturing 
Department for dispoSition. 

Six runs were made with pump G-2 during 
the course of acceptance testing. This unit has been 
accepted and was turned ave\, for lnstallation into 
qualutcation test engine No.1. 

b. Gas IJenerators 

During this quarter, 63 runs were made in 
acceptance testing eight gas generators. One gas 
generator package, serial No. 27, was destroyed in 
an explosion. 

(1) LR-67-BA-ll Engine Gas Generators 

Tests to determine the IRFNA uoe llmlts 
for the gas generators continue. Tbis program was 
initiated to determlne a plot of flame-out total steady
state mixture ratio against aCid-water content. All 
other parameters were maintained at the most critical 
specification requirement. One point was described 
in the last quarterly report. 

An attempt to determine a second point 
was made with gas generatorHGP-113. However,flow 
tests made at the conclusion of these tests revealed 
that the injector orUice pressure drop was no longer 
within specification requirements, thereby invalidating 
the data. This change in generator performance was 
brought about by the corrosion-erosion effect resulting 
from 83 firings, the majority being made at-3S"F with 
.l. 4-hour BOak period. As result. of this change, the 
percentage of the total fuel through tIle primary injector 
was less than the maximum allowed by the drawing 
tolerances; Btl the gas generator was no longer oper
ating at the crH1cal conditions. 

Three gas generator packages, serial 
NOB. 1, 2, and 3, were acceptance-tested andaccepteci 
for use. Package GH-112, however, experienced 
flame-out difficulties during the acceptance test under 
critical conditions (low temperature, low mixture 
ratio, low power, high water content). Two different 
gas generators, with flow characteristics within 
specification tolerances, were used with package 
GH-1l2. The cause for \. e flame-out has not been 
determined; a program has been initiated on a develop
ment basis to investigate this difficulty. 

(2) YLR-6';-BA-9 Engine Gas Generators 

To fac1lltate the flUShing of the outlet 
side of the propellant value, a fitting, designed and 
fabricated on a product-improvement basis, will be 
installed at the propellant value oxidizer outlet. The 
present procedure proVldes for flUShing of the system 
only from the pressure regulator. Nine bench tests 
have been made to evaluate three differ'ent flushing 
procedures; each has provedinatiequate. Afourthpro
cedure is not ~ing evaluated. 

During the acceptance testing of gas 
generator package, seriat No. 27, an explosion occur
red immediately after what should ha\'e been a mal
funcUon shutdown. The clOSing of the propellant valve 
and the opening of the fuel circuit gas purge are 
inltiated by the same electrical signal; however, when 
the Circuit was energized, the propellant valve failed 
to close. The purge interrupted the comoost1on, but 
propellants continued to enter the hot gas generator 
and nubine manifold system resulting in the explosion. 
This sequence of events r.evealed aciangerous condition 
whlch could result from a single malfunction. U the 
purge had not stopped the combustion, the systemwould 
have continued to run and would have been safe. There
fore, it was decided to !4'Y':'Ugate the feasiblUty of 
either initiating the purge with ti,e loss of.;~ generator 
chamber pressure or ellminatil1@:the purge completely. 
This investigation included 25 ~ats resequencing of the 
purge and 45 testa ellminating the purge. The reslllts 
indicated that it would be desirable to retain the purge 
and resequence it by the loss of gas generator chamber 
pressure. This change is now being proposed. 

c. Propellant Pressure Regulator 

The gas generator propellant pressure I':'egu
lator as ut1l1zed in the -9 engine configuration is being 
modified to allow more clearance in the dome spring 
chamber area. Tests indicate decrease ofpower level 
shifts experienced during gas-generator package and 
turbine-pump package acceptance testing; R&D tests 
alao indicate that this change will tend to relieve the 
long transition time from boost to cruie,e pbase ex
perienced in the acceptance testing of BOD!le packages. 

d. Fuel-Operated sequence Valve 

Durlng this quarter, the fuel-of.,erated se
quence valve is undergoing redesign and testtoellmi
nate dynamiC poppet O-ring burnout experienced on 
gas generator, turbine pump, and complete engine 
acceptance testing. Teflon seala have been incor
porated 1n an R&D sequence valve and evaluation of 
the seals indicates approximately Olle pint of fuel will 
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be bypassed through the sequence valve during a 
normal-duration engine firing. Since Tenon seals 
are not positive seals, provisions have been made to 
~ypass the leakage through the aecr.lence valve to the 
fl.\el tank, or to vent the leakage overboard. 

4. 	Propellant Tanks 

a. 	Tanks 

During this quarter, eight small cone alumi
num olddizer tanks and five bladder expulsion alumi
num fuel tanks were received from the vendor. These 
tanks are scheduled fo~' insWlation in missiles through 
No. 124. An order for 32 additional tanks has been 
placed with the tank vendor. These tanks are scheduled 
for installation in missiles Nos. 125 through 156. 

Tank drawings have been prepared for a 
revised small-cone tank Similar to the present 
oxidizer tank. The volume of the small cone was 
reduced to ensure expulsion reliability and the gas 
separator was ellminated. The latter change was 
accepted after tests had proved that the removal of 
the separator would have little effect on missile oper
ation. Since the effect of vibration is not yet known, 
expulsion, vibration, and systems tests are required 
to qualify this tank for the GAM-63A. 

An order for two tanks for test use was 
placed with Benson Manufacturing Company, Kansas 
City, Missouri. Delivery of the first tank is scheduled 
for March of this quarter. However, uponnoWication 
from the WSPO, all work on this program was stopped, 
and all tools, dies, and fabricated parts were stocked. 

b. Fuel and Oxidizer Tank Pressure Rellef Valve 

The fuel and oxidizer preasure rellefvalve is 
undergoing redesign and test to incorporate an im
proved poppet spring to alleviate the spring buckling 
problem. Preliminary tests show that the new spring 
is adequate for the intended purpose. A further exten
sive and complete program is under way to evaluate 
the relief valves under all operating conditions. 

c. 	Regulator Pack Asaembly 

This pack is a two-stage nitrogen gas regu
lator prOviding gas flow to the propellant tanks and 
imposing a sucti·on head into the turbine pump. 

The design ullage volumes have been in
creased from 26 to 75 gallons in the oxidizer tank, 
and from 11 to 34 gallons in the fuel tank. The latest 
requirements place the regulating characteristics of 
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the pack in the no-regulation boundary. Because of 
this tendency of nO-t'egulation, a new approach was 
sought which could effect regulation when severe 
demands are made upon the regulator. Investigation 
revealed the possibillty of a BernouJlll suction creating 
a void beneath the JPOPpet during flow conditions. Thi8 
destroys the neces.oary..o. P across the poppet, causing 
the tanks to overpressurlze, and subsequentlypo,plng 
the rellef valves. 'rests have been made with a limited 
stroke m the poppet In the second-stage regulator. 

Because of the criticalsensitlvlty of the regu
lator to demand requirements, extreme tests have 
been imposed on the regulator for evaluation. These 
tests consisted of flOwing t.lte regulator into an empty 
fuel tank and full oxidizer tank, full fuel tank and empty 
oxidizer tar.k, and both tanks empty. All test results 
were favorable. However, further testing will be con
ducted to ascertain the limits of the regu.\ator pack. 

C. STUDY PROGRAMS 

1. 	Expulsion Bladders 

Evaluation of Goodyear 2162-50 material for 
IRFNA bladders has been completed. Test samples 
indicate bladders made from this material will be 
satisfactory in IRFNA at 70°F for a period in excess 
of 70 days; at 1200 F the expected life is about three 
days. 

The first full-size oxidizer bladder for the GAM
63A was received from Goodyear during this quarter. 
However, funding problems have precluded addltlonal 
work on planned expulsion tests. Goodyear has been 
noWied not to start fabrication of the remaining two 
bladders on order. 

2. 	 Detonablllty of Fuming Nitric Ac!d/n-Heptane/ 
Nitrogen M1A~!'~~ 

The major hardware items for Shock Tube II have 
been received. When piezoelectric gage mounts have 
been completed, the entire apparatus will be ready for 
installation in the research test area. 

Detonation veloclt1ea a,ild detonation limits of 
FNA/n-heptane gas mixtures at an initial pressure, 
Po = 0.5 atmosphere, have been determined. Results 

of this investigation are summarized in Figure 8. The 
llmits found at p =0.5 atmosphere were not detectably o 
different from those found at Po = 1.0 atmosphere. 

These mlxtur'"s were ignited with shocks from the de
tonation of ec;,uimolar oxygen/acetylene mixtures. 
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Figure 8. Detonation Velocity vs Mixture Ratio 
FNA/n-Heptane 

Detonation velocities and detonation limits of 
FNAin-heptane/nitrogen g:1.8 mixtures at Po ,. 0.5 at 

mosphere have been determined for FNAln-heptane 
mixture ratios of 5.0 and 8.0. These mixtures were 
ignited with both oxygen/acetylene detonation shocks 
and wit.'l helium shocks. The data obtained are sum
mar1zed in FigurO! 9. At Po =0.5 atmosphere, detona

tions were sustained in FNA/n-heptane/N2 gaa mU

tures with up to 55 mole percentage N at r ,. 5.0, and 2

up to 60 	mole percentage Na at r '" 6.0. At Po ,. 1.0 

atmosphere, detonations were sustained in FNA/n
heptane/N2 gas miXtUres with up to 65 mole percentage 

N2 gas m1xtures with up to 65 mole percentage N2 at 
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Figure 9. 	 Detonation Velocity VB Mole Fraction 
Nitrogen - FNA/n-Heptane!Na 
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r =6.0. These nitrogen dilution experiments are part 
of a program to establish the inert gaa dilution re
quired to prevent FNA/n-heptane gas ml%tures from 
detonating as the initial pressure is 1r,creaaed toward 
the thrust chamber pressure. The next experimental 
series will be made at Po = 2.0 atmospheres. 

3. Air Pressurization 

The program designed to test the feasibll1ty of 
subfltitutlng air for nitrogen aa the pressuriz1ng 
medium in the Rascal propulsion system was concluded 
with :our full-scale engine firings. The first run, 
where air waa used for all purpol1es for which nitrogen 
1s normally used (except thrust chamber purge, not 
normally used on flight systems),was stopped after 
105 seconds because of a thrust chamber malfunction. 
At shutdown, some pops occurred in the gas generator. 
The second run, of 170 seconds duration, exhibited the 
same behavior on shl!tdown. However, the explosions 
in the gaB generator were more severe; pressures of 
about 300 psia were recorded. Also, two pressure 
transducers in the oxi~zer feed line of the gaa gen
erator were damaged. 

These laat results were evidence that a dan
gerous condition existed on aliutdoWil of the iiiS gen
erator. To eliminate speclflc l..ardware respons1b1l1ty 
for these explOSions on shutdown, two runs were made 
with nitrogen aa the pressurizing medium. Both were 
normal. Results of the program are presented in Bell 
Aircraft Report 56-982-043. It i8 concluded that air 
pressurization of the YLR-67-BA-9 engine 1n its 
present configuration 1s not safe. 

4. Burner studies 

PreliDl1nary experiments have been completed 
to determine the name temperature of the first !Step 
in the combustion of nitr1c acid and hydrocarbons. A 
Smithells separator was used to Wt off the outer 
name mantles, and a sample of the lnterconal gases 
was taken for analyses; their temperatures were also 
recorded. The name waa of nitric acid-propane and 
the mixture ratio waa 3.54. The interconal gases had 
the following compos1tion; 

%By Weight 

NO 32.8 

CO 5.S
2 

CO 6.2 

23.9Na 

Condensable 27.1 (mostly H 0)2
Material 
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The thermocouple gave a temperature of 1165 oK, 
whereas an enthalpy balance between the reactant and 
product gases yields a temperature of 1300oK. 

Equipment fo:!" spectrogra.phlc Invelltigation of 
these flames, 28 w""ll as equipment for studying the 
pressure dependence of nitric acid-hydrocarbon flame 
speeds, 1s being readied. 

5. HyyergoUc Gas Generator 

A test series has been made to determine the 
flameout mixture rEUo versus water content of IRFNA 
in generator No. HGP-U3, pack No. G8-105. With 
acid conta1n1ng 2.33% by weight of water, the flameout 
mixture raUo at ~33°F was 0.5&5. Thf.8generator has 
a {-"el distribution of 20.6% in the primary, and the 
balance as secondary fuelfiow. The manifold pressure 
was 210 psta. The program waa halted before other 
water concentrations could be Investigated. 

6. Acid storage 

A drum of Type mRFNA, modified with a cor
rosion tJ'.b!b1tor, ammonium hexafluopho4phate, has 
completed four months of field storage. The origtnal 
and latest analysell are presented in Table IV. 

7. Rocket Engine Flushing Procedures' 

In support af the rocket engine nushing pro
cedures program, three espertmenta were performed 
with chromic acid. Two Involved the u.e of water 
acidified with 0.1% chromic acid, and the third in
volved the use of chromic acid crystal:. Using the 
aqueous solution, itwaa shown that methylene chlonde, 
when added, stnka to the bottom without reaction. Th1s 
affords a Simple, safe way of removing chromiC .cid 
solution. In a second elq)eriment, an aluminum beaker 
was rinsed with chromic acid solution and allowed to 
dry. The yellow fUm rema1n1ngonthebeaker was un
affected by mbsequent add!tion of methyl alcohol. How
ever, when methyl alcohol was added to chromic acid 
crystals, the alcohol burst lnto name. Therefore, the 
chromate fllm il compatible with the alcohol; the acid 
cryltalS are not. 

On two occasions, a -800 regulator was deUb
erately fWed with WFNA, then held at 140°F for 40 
hours to induce salt formation. The contaminated 
regulator waa then submitted to the Test Department 
for evaluation of a current flushing procedure. 

A -800 regulator, whose interior had been 
chrome-plated, was filled with WFNA and held at 1500 

F for 18 hours. Contrary to usual experience, no cor
rosion was found. To test reproduclblllty, the experi
ment will be repeated with another sim1larly plated 
regulator. 

8. Propellant Analyses 

In the QIal1ty Control Program for Raacal pro
pellante, C80 samples of IFNA were analyzed. In 
addition, 12 JP-4 samples were analyzed and 47 hydro
meter calibrations were made. 

A nitric ac1d analyzer (SRI-FP) has beenevalu
ated as a means of det0rm1n1ng the N0 content of 

2 
IRmA. To this end, 60 samples of IRFNA were 
analyzed by titration and with the SRI-FP. Agreement 
was :1:0.5%. PreUminary work done with the instrumcmt 
currently In use (SRI-DU) 1ncI1cates that better ac
curacy can be obtained with the SRI-DU. Accordingly, 
future work w1ll ut1l1ze the latter Instrument. 

Seven sample. of IWFNA were adJUlted to a 
water content of 2.3 to 2.8% and submitted for special 
rocket engine firingS. An add1tional16 samples were 
ll.,alyzed 1n support of research studies with an acid 
evaporator. Also, in suppon of Will latter program, 
J500 cc of acid-analyzing 99% HN0 were prepared. 

3 

The freezing point of a sample of IWFNA was 
determined by two methods. First, a conventional 
potentiometric method was usoo. The freezing point 
was _,"OF. Then, 1'. thermomeh"1c method was used 
and the following obdezvaUons wer" made. At _53°F, 
the first crystals appeared. The temperature then 
quickly inc."eaaed to _46 G F as more c:rystala formed. 
Thisle the well-known superCOOling phenomenon. The 
sy.tem was slowly warmed and tJie last crystala 

TABLE IV 


ANALYSES OF ACID STORAGEABILITY 


Date %HN03 % NO
Z %NH~PF6·NH4F % 1f:!0 %:Fa %Al 

11-15-56 

3·21-57 

84.22 

84.11 

12.99 0.34 

13.21 0.33 
I 

2.43 

2.35 

0.001 

0.001 

0.001 

0.001 
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disappeared at _.2°F. The composition oP-tlle acid 
used for these experiments was: 1.64% H 0,0.61%

2
N02' 0.55% HF, and 97.20% HN03. The true freezing 

point of t..'le acid is taken as _44°F. 

3 .ufdance eyete", 

A small amowlt of fluorolube/molycote lubri
cant was added to IRFNA. No reaction took place at 
room tempera.ture, but, at 160°F, the lubricant and 
acid were incompatible. Heat and N02 were evolved 
through a vigorous reaction. 

I----f--- 90 NAUTICAL MILES ---+----"'1 

--I--l.jlUNICH--<Oof-----MIDCOURSE------I 
A. SYNOPSIS 

During the early stages of the Rascal guidance pro
gram, research and development efforts were dh'ected 
toward a radar-relay and command guidance scheme 
for directing air-to-surface mlsslles to a target. In 
essence, this d,~velopment was concerned with a radar 
scanning. systelu housed In the nose of the missile by 
means of which a radar picture of the area ahead of 
the missile Is relayed via a microwave link to the 
launching aircraft. On the basis of this video In
formatlon, commands from the launching aircraft 
could be sent to the missile to direct it to the target. 
(The name RASCAL was coined from the first letters 
of the words RAdar SCAnning Link.) 

At first, two B-17 aircraft were utiHzed in guidance 
development, one simulating the launching aircraft and 
the other the missile. Later, data. from tests of this 
first experimental radar-relay and command link led 
to an improved guidance ",ystem which was installed in 
an F-80 and a B-17 aj~craft to simUlate more closely 
the guidance perfo.mance of a missile and director 
aircraft In flight. 

Guidance for the Rascal Weapon System comprises 
an inertial range-computing system (IReS), an auto
pilot, and a radar-relay command link. Components 

. of the command Unk are located both In the missile 
and In the director aircraft. Basically, the system 
operates as follows: The DB-47 dlrecto,' aircraft 
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carrying the GAM-63A is navigated to the launch area 
by means of its modified bombing-navigation (MA-8) 
system which employs a long-range search/tracking 
radar and computers. Immediately prior to launch, 
initial condition data as computed by the MA-8 system 
(i.e., director aircraft velocity and heading, and 
changes in range-to-target) are fed into the missUe. 
After launch, the IRCS measures ground-range-to
target by double integration of a signal from a pitch
stabUized accelerometer. At a predetermined range 
from the target, the IRCS initiates a signal which 
overrides the autopUot and places the missile ina pre
set terminal dive. By controlUn~ the flight in this 
manner, the guidance and control systems establish a 
direct course to the point of detonation. 

The search radar in the nose of the Rascal missile, 
a vital element of the relay and command link, is 
included to improve the accuracy of target acquisition. 
Just prior to terminal dive, the radar is turned on 
automatically by the inertial rlUlge-computing system. 
This radar scans a 1500 sector ahead of the missile, 
and radar video is relayed to the director aircraft. 
Here, the r.ldar information, displayed on a PPI, 
enables the guidance operator to monitor the flight 
and to initiate course-correcting commands (both 
pitch and azimuth) which are transmitted via the 
microwave link to the missi1e. Should the guidance 
operator desire to observe the progressofthemisslle 
prior to terminal dive, a command can be transmitted 
to energize the search radar of the GAM-63A. The 
operator can also control the Initiation of the terminal 
dive. 

A JB-50 aircraft and a laboratory terminal guidance 
control station are being utilized to evaluate guidance 
lmpruvempnts before incorporating them Into the 
misstle or the director aircraft. (Th~ aai:ocai porUon 
of the director aircraft guidance is referred to as the 
AN/APW-17 radar course-directing central). Also, 
missile guidance equipment is installed in a JF-89 
airplane to permit fUght testing at altitudes and speeds 
Simulating those of the GAM-63A. This work Is dis
cussed in more detail In Section n, E, Support Air
craft. 

B. EMANATING GUIDANCE 

The progress reported here is for the missile 
equipment portion of the emanating guidance system. 
The status of developmP,ilt 011 d1rector aircraft guid
ance (ANI APW-17 Radar Course-Directing " Central) 
Is reported in Section n, E, Sus'port Aircraft. 

1. General 

In the radar set and rad~o set, crystal diodes 
and blower motors have failed at higher rates than 
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anticipated. Considerable study has been conducted 
on the major factors involved. iWcommendations 
have been prepared for use by the various Rascal "wst 
organizations. The recommendations outllne specific 
additional t~sts designed to provide a high confidence 
level for the radio and radar gets so that these units 
will fulfill their functions satisfactorily. 

~. Radar Set 

At the request of Bell Aircraft, the recelver
transmitter and the modulator power supply are being 
modified by Texas Instruments to ensure a substantial 
improvement in reliab1l1ty. Coordination with the 
vendor on the many details of this improvement pro
gram has been completed. Texas Instruments has 
a~ready accomplished much of the work and the eqUip
ment delivered in the future is expected to be sig
nificantly more reliable. 

Test results from the launching of GAM No. 
4891 provided further evidence that the changes 
Incorporated In the electrical synchronizer during 
1956 have effectively improved automatic-gain-con
trol performance. 

3. Low-Power AnUjam Radar Set 

Work on the low-power AJ radar set has 
progressed to the point where the ground testing of a 
set of service test hardware has been completed. 
The equipment was subsequently transferred to HADC 
for flight testing. Prototype drawings r.ave been com
pleted for the test hardware. 

4. High-Power Antijam Radar Set 

Work on the higb-power AJ rw.l' ;;e~ hal'l been 
discontinued in accordance with a recent USAFdirec
tlve. Inventories have been prepared covering draw
ings, models, parts, speCifications, and reports. 

5. R2.dio Set 

DetaUed investigations have continued cn the 
applicab1l1ty of the QK-553 carcinotron power-trans
mitting tube as a replacement f.or the AI016 relay 
magnetron. The QK-553 b~.ckwardl-wave tube was 
developed by Raytheon primarily fOI' airborne ECM 
application. Preliminary studies have indicated that 
the QK-553 is satisfactory for Rascal relay applica
tion, even though thf.l!."e are certain features of the 
Rascal requirements for which definitive QK-553 test 
data are not yet available. Two of the tubes have 
been received from rulytheon and a tube appllcaUon 
study program is under way to determine indetail thl! 
QK-553 applicability. Construction of laboratory 
power supplies and test equipment for this program 
Is nearly complete. 
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In an effort to improve the reUabUltyand Ufe 
of the RCA AI016 relay magnetron, conferences have 
been held w~th the vendor and a program ~:. being 
finalized to accompllsh this goal. Under present 
conditions, the more reliable magnetrons received 
from the vendor are sent to HADC in support of the 
flight test program, and it Is sometimes necessary to 
use substandard tubes at the Wheatfield facUlty for 
Initial teating of the radio repeater set. The ferrite 
load isolator being added between the magnetron and 
its load is expected to Improve the operaUngenvlron
ment of the tube. 

Marginal operation has been experienced with 
the saturated output level of the I-f amplifier. A 
minor circuit change has been processed to provide 
an ample safety factor. 

Design of the case assemblies for the comm3.ll.d 
signal decoder and the radio repeater has been modi
fied to improve performance and to facllitate manu
facture. Drawll'.g changes are being processed. 

C. NONEMANATING GUIDANCE 

Inertial P..ar.g~-Comput!.ng System (IRCS) 

The IRCS measures range in the horizontal plane 
in the direction of the longitudinal axis of the missile. 
Directional cOhtrol Is maintained by the autopilot 
keeping the missile aligned to a gyroscopic reference 
heading. 

An accelerometer Is oriented on the stable platform 
so that It senses acceleratiolUl along the longitudinal 
axis oi the missile. The output is double-Integrated 
and compared with the I,nlttal range~to-go valve, 
thereby giving an instantaneous range-to-go value. 
This output signal Is compared with a preset voltage 
corresponding with the desired dive initlation point In 
the dive angle computer. Upon COincidence, a dive 
command is given to the pitch autopllot and a signal 

i8 sent to turn on the search radar in the nose of the 
missile. 

Accurate Information on range-to-go and velocity 
from the director aircraft navigation system is trans
mitted to the IRCS prior to launch. With this informa
tion, the platform Is leveled and the necessary inittal 
conditions are Inserted into the Inertial system of the 
missile. 

An Improved sensitive relay for the dive angle 
computed proved satisfactory during evaluation tests. 
The relay has since been incorporated In production 
assemblies. 

Prl;)l1mlnary evaluation of an Improved chopper has 
indicated that this unit I) satisfactory for use in the 
range and velocity computer-b. Further evaluation is 
required for adequately qualifying this new chopper. 

A preIlmlnary working model of the repackaged 
computer for the IRCS Is undergoing tests. Vibration 
testmg haa indicated that the unit is structurally 
satisfactory. This repackaging will provide improved 
assembly techniques, ease of testingandmaintelWlce, 
and operational rellabiUty under extreme environ
mental conditions. 

Because of the low rellabllity of the cl-c fllament 
supply procured from an outside vendor, Bell Alrcraft 
designed and developed a filament supply to b·! used 
as a direct replacement. Several vendors have been 
asked to fabricate a filament supply with the same 
characteristics as the Bell design. Samples evaluated 
thus far have failed to qualify. One vendor Is re
deSigning a fUament supply and w1ll furnish samples 
for evaluation. 

Fluid leakage from the accelerometer used in the 
IRCS has been investigated. Awltable sealing method 
has been developed and referred to the vendor for use 
on future units. 
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A. SYNOPSIS 

Following early design studies that included ex
perience gained from the Shrike missile program, 
laboratory development of the autopilot system for the 
missUe portion of the Rascal Weapon System was put 
on a full-scale basis in January 1951. In September 
of 1952, the first Rascal missile was dellvered to 
HADe for filght testing. 

Th~ autopilot systems for the first Rascal misslles 
were Similar to that used in the Model 59 Shrike 
missUes. Deslgr. of the autopllotfor subsequent GAM-
63's, however, show .& significant increase in com
plexity when such cclpablllties as acceleration limit
ing, guidance loop tie-in, antenna stab1llzatlon, and 
altltude control were added. These features were 
included in the basic Model B and D configurations 
(missiles 11 through 35). The Model F configuration 
of subsequent misslles is further modified to accom
modate the inertial range-computing system designed 
to meet the requirements of the weapon system. 

With the development of this basiC autopUot sys
tem, major emphasis has been shifted to the simpli
fication of products and to the improvement of reU
ab1l1ty ;md design characteristics. This program is 
proceeding satisfactorily. Concurrently with auto
pilot development, a series of terminal guidance con
trol studies was conducted and this contributed sig
nificantly to the ovar-aU design of the autopilot system. 

The two main servo systems of the GAM-63A are 
the servopUot and the antellJUl stab1l1zatlon systems. 
These systems utll1ze electronic amplifiers, an azi
muth computer, potentiometers, hydraulic valves, 
actuators, a single-axis stablllzed platform. and 
associated hydraulic plumbing and electrical wtr~ng. 
The power supply is common to both systems. 

The servopllot stablllzes the GAM-63A missile 
about its three axes: longitudinal (roll), lateral 
(pitch), and vertical (yaw). The rollsystemmaintalns 
the lateral axls of the missile horizontal throughout 
its flight. During portions of the flight, the pitch and 
yaw systems are programmed and receive guidance 
commands which direct the missile to the target. 

The antenna stablllzatlon systems perform three 
functions: (1) maintain the search anteMa horizontal 
about the pitch axls with respect to the earth's 
horizon (since the search antenna is fixed to the roll
stabllized a!rfl"ame, a separate antenna roll servo is 
Dot required); (2) maintain the rotating search antenna 
at a constant angular velocity in space; and (3) orient 
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the relay antenna in pitch so that its major lobe is 
aimed toward the director aircraft. 

B. FLIGHT CONTROL SYSI'EM 

The environmental re-evaluatlon program on the 
Rascal fllght control system and the inertial range
computing system is continuing. 

Thus far, 1612 environmental tests had been com
pleted on electronic and hydraulic components. Of the 
units presently IUtdergoing tests, 31 units have com
pleted three cycles, 9 units have completed two 
cycles, and 14 units have completed one cycle. The 
remaining units art'! in various stages of testing. 

The mechanical coupling tests on missUe No. 46 
were completed during this quarter. A report ill being 
written to summarize this activity. 

The Investigation of the spin drive system for the 
misslle search antenna has proceeded to the point 
where revised specifications have been prepared to 
ensure a minimum of difficulty with this system tn the 
future. 

Reliabll1ty testlDg of the Phase I repackaged ampli
fiers has been completed at Federal Telecommunica
tion Laboratories. Preliminary results indicate that 
the ampilliers performed rellably during these tests. 

Development work on the Phase n redesign of the 
fUght control system was carried to a conclusion during 
this quarter. No further work is pla.nned on this pro
gram untll a specific missUe effectivity is establlshed 
for the redesigned equipment. Reports on the actlvity 
have been forwarded to the WSPO. 

An analytical report on the platform levellng sys
tem is nearly complete. 

The feasibUity of transistorizing the Rascal fUght 
control system is being studied. This work has not 
yet progressed to the point 
clusions can be made. 

where specifiC con

C. SERVO VALVES 

Development work on the double-nozzle, dry
first-stage servo valves for the Phase n redesign 
effort is being held in abeyance until a specific mla
sUe effectivity is establlshed for the new servo valves. 

D. HYDRAULICS 

The eearch for more-rellable fUters , accumula
tors, and seals Is contlnulng. 
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- ...-·......RHEAD LOADING 
DOOR 

Figure 10. Configuration of GAM-63A W.uhead COl1lpartment 

I A. SYNOPSIS 

Sufficient test planning is included in the over-alli development program to ensureproper functiOning and 
to obtain ultimately a high degree of accuracy and 
rellabillty for the GAM-63A warhead and its fuzing 
system. At the directio':! of t.ie WSPO, work on 
secondary warheads was discontinued some months 
ago. Armament system specification, No. 66-947
SOl, was released after references to secondary war
heads were deleted. 

B. WARHEAD 

'
I 

... The GAM-63A is deSigned to accommodate a 2800
pound special warhead. The warhead is located within 
the Rascal missile between the forward wing and the 
oxidizer tank lflee Figure 10). The lower part of the 
airframe at this location serves as a structural door 
for warhead installation. Another door, approximately 
14 inches square, at the top centerline of the airframe, 
provides a~cess for arming the warhead. The warhead 
compartment is essentially cylindrical, with a maxi
mum diameter of 44 inches and an over-all length of 
75 inches. 

A demonstration of loading a simulated warhead 
into a Model 50F (prototype operational airframe) 
missile was held late in 1954 at Bell Aircraft's 
Wheatfield facUity. No major difficulties were en
countered. The warhead cleared the missile structure 
and equipment installations satisfactorily. This 
demonstration was witnessed by personnel of both the 
Air Force Special Weapons Center and tile Sandia 
Corporation. 

Early in 1955 it, was determined during tests at 
Holloman Air Development Center that no electrical 
(ir electronic interference exists between the warhead 
and its instrumentation, and the other systems of the 
missile. 

Simulated warheads have been tested in six GAM-
63A's. Operation of the warhead system in missiles 
Nos. 3044, 3441 , 3643, and 3748 was considered 
successful by the Sandia Corporation. 

Late in 1955, a new warhead with increased yield 
was introduced into the Rascal program. Provisions 
for the new warhead were accomplished with a design 
that was compatible with both the original and the new 
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warheads. The warhead compartment that had been 
forwarded to Sandia Corporation for the original war
head was returned to Bell Aircraft for modification to 
the dual-capabllity configuration. After prelim~""ry 
checks at Bell Aircraft with a warhe.ad mock-up, tJle 
warhead compartment was returned to Sandi~. 

Sub£.equent to the release of the engineeringforthe 
dual capability, the WSPO (!~cided to eliminate the 
provisions for tJ:~ origtna! garhoad and to consi!ier 
the new configuration as the prime warhead. The 
elimination of the dual capablUty has been only partly 
accomplished by removal of the MC-300impactfuzes. 
The redesign to remove the dual capab1l1ty completely 
will be eUective after missil~ No. 112. 

The eUmination of the DB-36 as an operational 
director aircraft instigated the relccation of the war
head arming door from the top centerline to the right
hand side of the GAM-63A upper warhead compartment. 
This allows accessibility to the warhead compartment 
and especially the fuzing batteries when the misulle 
is attached to the 1)B~47 operation!'l director aircraft. 
This change is effective on missile No•. 112. 

Sandia Corpo!'ation will participate in the filght 
test program at HADC to assist in evaluating the new 
prime warhead together with associated lnstrumenta
tion in the GAM-63A. Early in 1957, electrical noille 
and interference testa were performed on the first of 
thesp. warheads, installed in missile No. 4891, with 
completely tlatisfactory results. 'Ibls missile was 
subsC!quenUy fired and operation of the warhead was 
conSidered successful by Sandia Corporation. As 
presently planned, 11 more missiles will be fired as 
warhead test vehicles. 

C. FUZING 

TIle fuzing system arms and detonates the war
head. Detonation is triggered by a firing baroswltch 
that can be preset for operation at the selected pres
sure altitude. Detonation Is also triggered upon im
pact. Remote selection of a pressure altitude setting 
for the firing baroswitch can be made from the direc
tv!' aircraft during the prelaunch phase. Burst mode 
selection is also made from the director aircraft. 

A requirement was established for a fuzing system 
to be operational with the new warhead.. At confer
ences with Sandia and Special Weapons Center per-

Bonnel, the necessary technical and background in
formation was made aVailable. Prelimlnary mock-up 
and testing of the fuzing system was then Initiated with 
available components. This preliminary review indi
cated that the proposed circuitry and component 
selection was acceptable. The new systelIl uses the 
existing type of lanyard switch, an MC-384 arm-safe 
switch, an MC-5 fuzing baroswltch, and an MC-273 
arming baroswitch. The fuzing power supply Is 
derived from MC-271 batteries. The arming control 
panel Is a T-249 type. Impact crystals with higher 
levels of voltage output are also provided. 

A separation timer was not proposed for the sys
tem because such a unit is not compatible with a 
free-fall type of operation. Monitoring indications of 
system adequacy are not aVailable, but failure moni
toring may be ac::ompl1shed by a red light displayed 
on the T-249 panel. 'llhe red light indicates malfunc
tions of the arm-safe switch and high-voltage battery 
actuation in series wIth high-voltage switch actuation. 

Work is continuing on tho> evaluation of baro
switches from an alternate vendor. This vendor has 
produced switches that are adequate except for 
occasional freeze-up of the setting motors at low 
temperatures a.id high relative humidltirs. This 
trouble Is similar to that encountered with the MC-5 
fuzing baroswitch. 

Pl'el1mlnary environmental evaluation tests on ten 
MC-394 baroswitches indicate a quality and perform
lUIce comparable to the MC-5. Design work is Con
tinuing on a vibration isolation mount that is com
patible with both the fuzing baroswltch and the missile 
before the mount can be designated for use in an 
E&ST missile. 

Components for the fUZing system are obtained 
through the USAF as Government-furnished Property. 
At the request of the Air Materiel Command, Bell 
Aircraft has initiated action to obtain these compo
nents dlrecUy from the AEC vendors. Preliminary 
investigation into the possibility of such dil'ect pro
curement indicates that in most cases these vendors 
wtll be able to supply the components directly. 

Work is Itlso under way on the evaluation of newly 
developed fuzing components so that higher quality 
components may be installed on later missiles. 
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A. SYNOPSIS 

Four groups of telemetering systems have been 
designed for Rascal mlssUes. Group I was used in 
Model 56B and 56D missiles and in eight of the Model 
56F missiles. Group n systems were used In the 
early Model 56F missiles, and Group m systems are 
being used in all the remaining GAM-63A's. Group 
IV systems are installed in a limited number of R&D 
Mod{ll 56F missUes to supplement the Group n or 
Group m systems. 

1. Group 1 System 

The Group 1 system hu been ased to transmit 
both qualttat!.ve and quantitative data on vital compo
nents and sytltems. The number of continuous tele
metering channels has been varied from six to 
eighteen. By commutating as many as four of these 
channels, data transmission of up to 94 functions has 
been ...btalned. Telemetering instrumentation for 
Gr"lp I tin early XGAM-63'& included accelerom
eters, angle-of-attack and slctesI!p vanes, various 
pressure piCkups, rate gyros, poSition potentiom
eters, and numerous a-c and d.c voltage-measuring 
units. In addition, sl"p.c1al filghts with Group 1 
telemetering instrumenta . . on included vibration pick
ups, nowmeters for measuring hydraulic now, strain 
gages for measuring control surface hinge moments, 
and oscillographic recorders for obtaining structural 
data on control surfaces and airframe. Also, special 
proviSions were Incorporated for recording impact 
data obtained from fuzing accelexoometers. 

2. Group n System 

Group n telemetertng systems employed four 
subcarrier channels, three continuous and a fourth 
commutated to provide 27 aubchannels. Automatic 
decommutation was incorporated whenever ground
gating was available. In this system, accurate pres
sure-altitude data were transmitted on a continuous 
channel. In general, most end instruments suppUed 
only qualitative data. 

3. Group m Systel'll 

The Group mtelemetering systemis electr1c:ally 
Similar to the Group U system 1n thatfour subcarriers 
channels are used, lJlree of which are continuous and 
one commutated. Automatic decommutation 1s in
corporated when ground-gating Is available. This 
system, unlike tbe Group n system which is battery
operated, is powered by a 40D-cycle recti1ier-~ 
power supply. A thyratron assembly is included to 
provide qualitative data from impact accelerometers. 
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4. Group IV System 

Group IV telemeterlng systems are reworked 
Group I systems which provide a dual r-f system with 
16 or 19 subcarrier oscillator channels. This system 
has been added to provide additional environmental, 
power plant, and reliability data on some of the R&D 
Model 56F missiles. Provisions are made for tele
metering two information commutators, two tempera
ture commutators, and two vibration commutators. 
Wherever used, the Group IV system is in addition to 
a Group n or m system. 

B. OPERATIONAL RESULTS 

Of the four GAM-6SA's lalmched at BADe (..i.rlng 
this quarter, Nos. 4581 and 4783 contained bothGroup 
mand Group IV telemetering systems. Tl:." other two 
missiles, Nos. 4684 and 4891, contained only four
channel, a-c, G."OOp m systems. 

Although the recorda obtained from these systems 
during the fiights was generally of good qualitv, there 
were some casea of instrument or channel failure. A 
detailed analysts of the operation of these telemeter
lng systems will appear in the final fi1ght test reports 
for the missiles. 

C.TELEMETEalNG DE~GN AND DEVELOPMENT 

1. Groups I and n Telemetering Systems 

All Group I and Group n telemeterlng systems 
have been expended in the R&D fi1ght test program 
at HADC. 

2. Group mTelemetering Systems 

a. 62-535-001 Telemetertng Aasembly 

Detailed investigations on this ulJembly and 
its subsystems have resulted in the following progress. 

Specification control drawings ha'fe been re
leased for the Bendix subca:rrier oscWators and filter 
to provide better control of parts and to enhance re
liability of the units. 

A 500-megacycle power oscillator tube tester 
was fabricated, tested, and delivered to the manufac
turing teat area~ The special unit is being used to 
test MIL!5703WA tubes for conformance with spec1fl
cations. This teating procedure erurures an adequate 
supply of tubes that meet the r-f power output I'e

quirementB for use in the telemetering transmitter 
assembly (Bell Dwg. 62- 535-070). 
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Many ~ansmltter Wl1ts have failed to meet 
noise specifications on altsrnator evaluation channels 
during vibration tests. As a re8Ult, a d<lslgn change 
baa been blitiated to shift from the AM system to a 
straight-forward technique utillziDg a subcarrler os
cWator In a FM/FM system. 

Efforts to Improve the frequency stablUty of 
the 63-535-070 transmitter to 0.01% in accordance 
with MIL-T-26985 have been unsuccessful. 

Several transmitters that can be purchaaed 
outside, have been investigated. None of these UD1ts 
wlll meet fully the requirements of frequency stabi
11ty, spurious radiation, low distortion level, and re
sistance to environment. Moreover, no available unit 
will meet Bell Aircraft's reUabU1ty requirements as 
applied to electron tube power diSSipation. 

b, 56-535-480 Pressure Tranad~cers 

The major source of repetitive trouble with 
the Giannini pressure gages baa been due to Improper 
ftUlng and sealing techniques and Wadequate expansion 
cavlty for the damping fluld. Corrective action has 
been initiated to rework these gages at Bell Aircraft. 
A ll\U'Vey Is being made of iD8truments from various 
vendors to determine if Wl1ts that meet all specifica
tions can be obtained. 

To obtain additional propulsion system data, 
test lines will be used between the power plant and the 
pressure instruments during static firingS. The test 
Unes will eliminate the clogging of the gage orifices 
as caused by the presence of ferric flUOride salts 
subsequent . to test firing (the WFNA Oxidizer Is In
hibited with hydrofluoric acid). 

c. Instrumentation Changes 

The following changes in Inltrumentation 
cbannel assignments were effected during ~s quar
ter: 

A nitrogen-source pressure gage waa incor
porated in missUe No. 4891 (launched 13 March 1957). 

Thr. chamber pressure function for the gas 
generator waa changed from a commutated to a 
continuous clwmel In mlss11es 87 througb 90. 

The cruise chamber pressure function for 
the rocket engine was changed from a continuous to a 
commutated channel in missiles 87 through 90. 

The relay high-voltage function for No. 91 
and subsequent missUes was extended from 2200 to 
4000 volts. The baalc accuracy of this new trans
ducer Is In the order of 1%. 

3. Group IV Telemfltering Systems 

A six-channel, high-frequency, vibratio~-su.r
vey system has been packaged, tested, and installed 
In GAM-63A No. 97. All drawings and servlclng 
instructions have been pl'epared and issued. ThIs 
system consists of 8 crystal-type and 10 velocity
type vibration pickups. Fourteen of the pickups are 
sampled by two slow-speed (0.1 rps) commutators. 
Slx high-frequency subcarrier oscWators (two each 
of 22, 40, and 70 Itc), with a :1:15% deviation, are used 
to modulate two r-f carriers. An automatic, seven
step, a-c calibration Is proVided In the system for all 
channels. 

PreUminary analyses have beelli made on the 
requirements for a multi-channel system to l~tru
ment four R&D mi.slles equipped with the LR-87
BA-l1 rocket engine. A system similar to the 20
chanel kits Incorporated In missUes 79 through 83 
should be adequate for this requirement. 

D. BEACON AND DESTRUCT SYS'tEM 

Several potential wide-spectrum nolse sources 
within the mlssUe have been isolated 1U'..d made In
effective by the use of tUters. 

A study of the L-band beacon revealed that the 
shield covering tha oscWator-mixer portion of the 
receiver could cause spurious triggering wh{ln moved 
slightly. II. groundilng strip waa added between the 
shield cover and tbe receiver chassis to eUminate 
this condition. 
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E. Support: Alrcraof't 

1. SYNOPSIS 

The director aircraft that form an Integral part of 
the Rascal Weapon System are converted 8-47 strate
gic bombardment alrplenes, redesignated as OB-47. 
Their primary mission is to carry the GAM-63A 
misslle to an area within 90 nautical miles of a 
target, to launch the missile at a particular altitude 
and heading, and to provide guidance control of the 
missile after launch. 

In the Rascal flight test program, three types of 
carriers are being ut1llzed. Two JB-500 airplanes 
are used to ferry GAM-G3A mlssUes and related 
equipment irom the Wheatfield plant to va.rlous test 
installations. Two JOB-36H and two OB-47E direc
tor aircraft are used at HADC for flight testing 
GAM-63A miSSiles. In addition, two OB-47E's are 
assigned to the E&ST program; one of these air
planes Is at Eglin AFB and the other Is at HADC. 

Also, one JB-500, one JF-80B, and one JF-89C 
are assigned to the Rascal program for R&D flight 
testing guidance components and subsystems of the 
missile and director aircraft. 

In addition to modified MA-5 or -8 navlr~ation 
gear, the director aircraft arc equipped with a.u ANI 
APW-17 radar cOurse-directing central. This e'1ulp
ment Is used for navigating tht: director to a pre
determined launch area, for preparing the missile 
prior to iaunch, for launching the missile, and for 
correcting the flight path of the missile during Its 
micicoursc phase (if necessary) and Its terminal 
dive to the target. 

2. DIRECTOR AIRCRAFT 

a. OB-47 Operational Directors 

Detailed data for Installation of the GAM-8SA 
In the DB-47 have been issued In Bell Aircraft Report 
110-947-199, "Installation of GUided Air Misslle
63A." The GAM-63A when loaded on the DB-47 is 
attached to a pylon protruding from the fuselage and 
is mounted in an attitude so that the angle of yaw is 
zero, the angle of attack Is as small as possible, and 
the angle of roll does not exceed 13 0 (see Figure 11). 

Late in 1954, the DB-47E (USAF No. 51-5219) 
airplane and a simulated GAM-63A misoile were 

.' •• , ••• • .:..a.: _ 
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Figure 11. GAM-63A 

Being Attached 

to the DB-47 
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transferred to Edwards AFB for extensive fllght 
testing by the USAF. The launching mechanism on 
this DB-47 was tested by dropping the simulated 
missile; m&tion picture coverage indicated satis
factory operation. Subsequently, AN/APW-17 guid
a:lee equipment and a flight test re.!ording system 
were installed in the airplane. During this quarter, 
eleven flights of the DB-47 were flown in support of 
the missile firing program, including the launch 
flights of missiles Nos. 4581, 4884, and 4783. In 
addltlon, the DB-47 has undergone a periodic in
spectionat Biggs AFB, EI Paso, Texas, and is pres
ently being modified for the alternate warhead cap
ability and profile missions. 

Another DB-47E (USAF No. 51-5220), complete 
with Rascal guidance components, was delivered to 
HADC in August 1954. Instrumentation was sub
sequently installed for recording missile and director 
aircraft guidance performance, and missUe power 
plant and airframe operation. Following millsUe 
mating and captive fUght testing, hot firingll of GAM-
63A's with the airplane as director began in July 
1955. During this quarter, eight fllghts of the DB-47 
were flown in support of the missUe firing program, 
including the launch fUght of missUe No. 4891. Also, 
three engineering test flights were made in connection 
with aircraft maintenance. In addition, the DB-47 
was flown to Biggs A FB, EI Paso, Texas for an in
spection." 

The DB-47 (USAF No. 53-2345), complete with 
Rascal guidance components, was delivered to HADC 
in January 1957. Receiving inventories and inspec
tions were completed and outstanding service kits 
were installed. In addition, a modification was ac
compllshed which incorporated the Sandia telemeter
ing control circuitry. The DB-47 systems were pre
flighted in accordance with HADC procedures and, on 
25 Ma.ch 1957, the aircraft was mated withGAM-63A 
No. 85. The aircraft w1ll ultimately launch at least 
one R&D missUe. 

b. DB-36 R&D Directors 

The JDB-36H director airplane (USAF No. 51
5710), equipped wit.It AN/APW-17 guidance, was trans
ferred to IlADC in July 1954. Followlng the Installa
tion of a fl1g.'lt test recording system, this DB-38 was 
used for captive flight tests and for launching GAM-
63A's. During this quarter, the DB-36 was flown five 
times in support of the R& D Captive FIlght Program. 

A second JDB-36H airplane (USAF No. 51-5706), 
equipped with AN/APW-17 guidance, was delivered to 
HADC in December 1954. Followingtheinstallationof 
a flight test recording system, the DB-36 wasut1ltzed 
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for captive fltght tests. UtiUzation of this airplane in 
conjunction with the Radar Bomb Scoring (RBS) pro
graul at HADe was completed successfully. The air
craft was subsequently transferred to Convair, Fort 
Worth, for a major overhaul. Since Its return to 
HADC, this DB-38 bas been participating in the 
Electronics VulnerabUtty Test (EVT) Program with 
the JF-80 Simulated missile (see Section n, H, 
Weapon System Investigations). During thill quarter, 
the EVT program required thirteen flights of thlc. 
aIrcraft. 

3. DIRECTOR AIRCRAFT EQUIPMENT 

a. General 

The DB-47 director aircraft usC!d with the 
Rascal Weapon System are equipped with an AN/ APW
17 radar course-directing central and an MA-8 
bombing-navigational system. Director guidance 
equipment may be divided into four major systems: 
(1) the MA-8 is a I>Cmbing navigation syatemdeaigned 
for either gravity bombing or providing prelaunch 
initial conditions data for the GA.M-63.~: (2) the auto
matic checkout system, working in conjunction with the 
MA-8 and awtUtary components, is used prior to mis
sUe launching to check selected critical items In se
quence and to launch the missile automatically, (3) the 
relay Unk system establishes and maintains a micro
wave radio Unk between the mlsslle and director air
craft: and (4) the guidance control system which en
ables a trained operator to send azimuth corrections 
during the midcourse phase, and azimuth and pitch 
corrections during the terminal dive. 

Three amendments to Speclfication 110-947 -IS8, 
Revision D, were submitted to the WSPO during this 
quarter. This spectftcation defines the bench, in
stallation, prentght, and flight tests of the AN/APW
17 and MA-8 systems. 

Eight prototype AN/APW-17 director aircraft 
guidance systems have been modified to incorporate 
the latest design changes: six of these systems have 
been returned to HADC. One system is being retained 
at the Wheatfield plant and w1l1 be set up In the labora
tory. The system which was sent to Eglln AFB in 
support of the E&ST program has been returned to 
Bell Aircraft Corporation (Wheatfield). This system 
will be Installed in the ground support bench set. Two 
Indicators and two receivers reflecting the latest pro
duction vers10n have been sent to HADC for use In the 
firing program. Three more units of each are sched
uled to be delivered to HADC during the next quarter. 

Production AN/APW-17 systems Nos. 117 
thrc-oigh 123 have been delivered to Boelng/W1chita. 
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Plans are being formulated to conduct a more com
prehensive systems test and a debugging test on the 
production systems. To ensure system compatibUity 
and performance, and to factUtate Installation, pre
flight testing, and !Ught tesUng In a DB-47, each ANI 
APW-17 system must pass a functlonal test as des
cribed In Bell Aircraft Speciflcatton 110-947-044. 

b. 	 Radio Repeater Set 

(1) 	 Automatic Tracking Relay Antenna System 
(ATRAS) 

Evaluation of the new spin drive motor for 
the ATRAS Is continuing with success at the Dalmotor 
Company. Evaluation testing Is under way on three 
motors recently received at Bell Aircraft. 

(2) 	 Polycode Driver 

System measurements, Including the poly
code driver and command transmitter, are being made 
to determine compaUb1llty with the GAM command 
system under various environmental conditions. This 
work is being done In conjunction with the evaluation 
of hermetically sealed pulse-forming networks. Al
though the testing has not yet bP.en completeu, ....!f!::i
ent data have been obtained to provide tentative changes 
In the design center requirements of the command link. 

(3) 	 Command Transmitter 

The microwave discriminator for the AFC 
circuit of the command transmitter has been re
designed to eliminate false cross-overs in the dis
criminator characteristics. A laboratory model Is 
being fabricated for test. 

(4) 	 Relay Receiver 

A redesign program Is being negotlated 
with the vendor to Improve the reUabUity and stabi
lity of the NU 5857 tube used In the I-f amplifiers ' of 
the relay receiver. 

In accordance with a recent USAF directive, 
all work on th(~ narrow-band relay link, and thus on 
the narrow-band relay receiver, has been discontinued. 
Inventories have been prepared for drawings, models, 
parts. speCifications, and reports. 

c. 	Terminal Guidance Control System (TGCS) 

(1) 	 Azimuth, Range, and Altitude (3-D) Offset 
Computer 

Contractual requirements are being clarified 
and redefined. As a result, a program will be designed 

to meet commitments which now specify the fabrica
tion of one developmental model. Also, plans wul be 
made to complete the development of the :-D offset 
computer. If these plans are approved by the WSPO, 
the development effort will be continued. 

(2) 	 Indirect Bomb Damage Assessment (IBDA) 

Additional models of the marker unit for 
IBDA are being built for final environmental testing. 
These models incorporate ~.he design changes estab
lished as ~ result of environmental testing on two 
earlier modeJI;' . 

The first experimental model of the detec
tor head mount and the servo amplifier have been 
fabricated and are being subjected to limited en
vironmental and life testing. 

(3) 	 Improved TGCS 

Work "n the Improved terminal guidance 
control system has been discontinued. 

Figure 12. Rascal Group Simulator - Top View 
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Figure 13. Rascal Group Simulator - Bottom View 

d. Automatic Checkout System (ACS) 

The redesign of the automatic checkout system 
was stopped during the earlypart of this quarter owing 
to lack of contractual coverage. 

Group Simulators, Part No. 112-542-500-5 (see 
Figures 12 and 13), are being shipped to Boeing Air
plane Company. Schedule delays, encountered in the 
-5 program, were caused by a heat-rise problem and 
tile lnabll1ty of vendors to furnish satl~.actory fUters 
for the a-c regulator which would permit stable oper
atlon within specification environmental limits. This 
condition was rectified through use of a Bell-designed 
filter assembly which met specification requirements. 

One complete -5 simulator has been shipped to 
Boelng/Wlchlta. Also, one -5 kit has been shipped, 
a second kit has passed acceptance testing and is in 
the process of being shipped. 
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4. FERRYING AIRCRAFT 

Two JB-50D ferry airplanes (USAF Nos. 48-069 
and 48-126), equipped with GAM support fittings and 
bomb bay cargo platforma, are assigned to the Rascal 
program. These aircraft are operated from the main 
plant at Wheatfield, New York, to deliver GAM-63A 
missiles and related equipment to various test In
stallations. 

5. RESEARCH AIRCRAFT 

a. Guidance Flight Testing 

(1) JB-17G No. 44-83439 

The JB-17G airplane (USAF No. 44-83439) 
has been phased out of th.~ Rascal R&D effort and Is 
being replaced by the JB-DOD airplane (USAF No. 
48-111). The 8-17 was grounded on 6 February 1957 
and, after removal of all guidance and associated 
eqUipment, a satisfactory engineering check flight was 
performed. On 12 March 1957, the aircraft was re
turned to the Air Force without the normal periodic 
inspection having been performed. The Inspection 
was omitted on the basis of AII' Force approval to 
return thll aircraft In an "as Is" condition. 

Previous to grounding of the B-17, two 
laboratory video relay flights were made to evaluate 
the R&D model of the narrow-band receiver. System 
parameters for this test were: PRF-2022; code type
3 pulse; relay link carrier deviation -5 mc. Satis
factory perfcrmance was achieved In the second flight, 
but there are regions which should be ('valuated more 
fully at HADC. 

(2) J8-50D No. 48-111 

The low-power antijam radar set, Model 
56 TGCS, and the misslle radio set have been Installed 
in the JB-50D aircraft (USAF No. 48-111), Opera
tional trouble shooting is under way to eUmlnate 
minor troubles resulting from Installation. 

Major areas of modification work include: 
removal of launch gear; installation of bomb bay 
doors; mounting of low-power antlJam radome and 
antenna (see Figure 14) in the aft bomb bay area; 
installation of the 400-cycle primary power system; 
modification of the aft tall area to contain the mlsslle 
radio set (see Figure 15); r.emovalofalldirector guid
ance equipment in the aft pressure area; installation 
of operator's tahles, btlncb.es. a..'7.d ~abJ (Bee Figures 
18 and 17); fabrication of cables, control boxes, and 
Junction boxes; and deplckllng the aIrcraft and per
forming a periodic inspection. The periodic Inspec
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Figure 14. MounUng of Low-Power AnUjam Radar F~8Ure 15. Missile Radio Set Xnstallatlon In JB-50 
Antenna In JB-50 

Figure 16. Operator's Position for Low-Power Figure 17. Operator's position for Radio Set (Relay 
AnUjam Radar In JB- 50 and command) in JB-50 
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tlon is 50% complete. Replacement turbos are on system. Also In M:lrch 1957, a supporlcrew of seven 
order and it Is estllrlated that thu.lrplane can be pre persons ilrrived lilt HADe. During this quarter, the 
pared for the Initial engineering cbeck flight two weeks unattended search radar system In the JF-8~ was 
after these parts are received. modified to DU!ke It compaUble with the narrow-band 

relay system, and four pilot checkout flights were 
(3) 	JF-80B No. 45-8485 accompllshed. wnen the rught tests of narrow-band 

relay .ystem were cancelled, the Wlattended search
The missile guidance equipment in the JF- radar system was returned to its original configura

80B bas been modUled to Include the latest anti,ammlng tion. The aircraft Is presently in a standby status
features. Mter flight testing the modiflcatioruJ, the awaiting dispositlon from Bell/Wheatfield. 
simulated GAM-63A was transferred to HADC foruse 

In the Electronic Vulnerab1l1ty Test Program. Da~ 


concerning this program are presented In Section H, 
 b. Laboratory Ground Station 
Weapon System Investigations. During this quarter, 

thirteen missions were accomplished with this air 
 The obsolete receiver and commaDd transmitter
craft In support of the EVT program. (Model 58) WlLl!l replaced with AN/APW-17 units. A 

new laboratory control panel was completed which 
(4) JF-89C No. 51-5814 encomllaSses In one unit all components that must be 

The JF-89C was deUveredtoHADClnMarch operauJd in the laboratory during fllght test evalua
195'1 for use in tllght testing the narrow-band relay tion. 

F. Ground Support: Equipment 

1. 	SYNOPSIS Each of these new developments undergoes extensive 
test and evaluation prior to s~bmlttal by the Air 

The ground support equipment for the GAM-63A Force for operational use. 
Weapon System encompasses all equipment not an 
Integral part of the mis81le or director aircraft, but a. Handling Equipment
which is required to service, repair, test, and prepare 

the weapon system before mission take-oU. Support 
 Engineering design of a warhead par. stand was 
eqUipment, therefore, Includes haDdltng and trans r.ompleted durlng this quarter. The stand wUl faclll
porting devices, assembly stands and slings, spectal tate transportation of the warhead pan, complew with 
loading and fueling units, checkout/test equipment, warhead door and warhead, by fork-lift truck. 
and special templates and tools. 

b. Service EquIpment Over-all planning relative to support equipment for 

the weapon system is divided into two major cate


Design of a trl-flush unit is progressing,.lDd the gories. The first includes plans for equipment needed 
drawings are 80% complete. The unit wUl be utHlzedto conduct Bell Aircraft's ground and flight test 
for cleaning the propellant pressure regulator (llquid programs, and the other includes planning pertinent 
feAd valve) in the propulsion system, after the regulato the Rascal support equipment required by the Air 
tor baa come tn contact with oxlcl1zer. Cleaning willForce to conduct testing of the weapon under opera
be accomplished by purging the regulator with 	ational conditions. 
trl-l1quld solUtion, followed by dry nitrogen gas. 

2. SUPPORT EQUIPMENT FOR THE R&D PROGRAM 
c. Checkout/Test Equipment 

The R&D support equipment Is required for use In 
the contractor's ground and night tellt programs to Design work is under way to modify existing 
prove new deslps, model Improvements, and added rocket engine pressure test equipment and e10ctrlcal 
capabilities being developed continually in an effort test equipment for R&D usage with the latest rocket 
to optimize the over-all weapon lIystem concept. engine configurations. 
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The design effort to repackage the missile group 
simulator (Bell Dwg. 112-945-500-5) for use as direc
tor aircraft checkout equipment has been completed. 
Technical approval for future procurement was granted 
by the Air Force to ECC GAM-63-D-1701 covering the 
repackaged simulators, Bell Dwg. Nos. 112-542-180-1 
and -3. 

3. OPERATIONAL GROUND SUPPORT. EQUIPMENT 

Engineering design has been completed for all 
operational ground support items. Contractual data 
drawings have been revised to the latest weapon sys
tem configuration and released to the Manufacturing 
Department. Engineering efforts during this quarter 
have been concentrated on engineering liaison, evalu
atlc)n, and test of operational g~'ound support equip
ment to expedite fabrication and dellveI"}'. Engineer
Ing discrepancies disclosed In manufacturing, and 
others resulting from evaluation and test programs, 
are being processed Immediately upon receipt to 
maintain established delivery schedules. 

Project personnel are located at Eglin AFB to 
provide technical aSSistance In the E&ST program 
and at HADC In support of the Evaluation Program on 
ground support eqUipment. In addltlon, liaison units 
are assisting several subcontractors that are fabri
catlng operational ground support items. 

The following ground support equipment was fabri 
cated during this quarter and forwarded to HADe for 
evaluatlon and test: 

Item 	 Part No. 

Test Set, GAM-63AjWarhead 112-542-138-1 

Boom HOist Support 112-789-912-1 

Sling, Warhead Pan Door 112-789-101-33 

Checkout EqUipment, Director 112-'195-001-9 

Aircraft (Mobile) 


As requested by the WSPO, Bell Aircraft is pre
paring a proposal for a telemeterlng and beacon rack 
to be used In conjunction with the rack-mounted 
checkout eqUipment, Bell Dwg. No. 112-542-400. The 
proposed design effort will Include repackaging, Into 
a rack configuration, the present telemeterlng and 
beacon eqUipment portions of the missile checkout 
trailer, a telemeterlng ground station, and additional 
calibration eqUipment. 

The design of a liquid-level float SWitch has been 
completed. The new float switch will replace probe
type Indicators formerly used In the acid tanks of the 
flush and disposal trailer. Crystal build-up of acid 

fumes caused the probe-type units to short out and 

give faulty Indications. 


4. SPECIAL PROGRAMS 

a. Automatic Checkout Equipment 

Four eqUipment manufacturers have submitted 
design proposals for automatic checkout equipment 
for the GAM-63A. This equipment IS specifically 
intended for the Assembly and Alignment Area, but 
It is envisioned that a considerable portion, If not all, 
of the eqUipment will be appllcable for use in the 
Ready-Storage Area. An informal presentation of this 
material, together with Bell Aircraft's recommenda
tions, was made at WADC early In this quarter. The 
data submitted were conSidered by the Air Force to 
fuliill sufficiently L'1e requlrenlents of the item of 
work. The WSPO suggested that other companies 
recommended by WADC laboratory personnel be 
contacted, If desh·ed, for additional IdE'as and pro
posals. However, any continued effort on the part 
of Bell Aircraft must be accompllshed with Corporate 
funds. 

b. Development Engineering Inspection 

A Development Engineering Inspection (DEI) on 
operational ground support equipment was conducted 
at Bell Aircraft's Wheatfield facUlty on 15 through 17 
May 1956. The following Form 68's were submitted: 

Categot"Y 	 Quantity 

Inspection Items (to be 35 
accomplished so that 
equipment will meet USAF 
requirements) 

n 	 Mandatory Changes (engineer- 13 

ing Change ProposaJs) 


m 	 Study Changes (of a nature 23 

which require a study) 


IV 	 Not applicable or acceptable 17 

Total 88 

Of the 81l discrepanCies, engineering on all but 
eight has been completed. The remaining eight Items 
are scheduled for completion during the next quarter. 

The rellablllty test program Is being expanded 
to Include certain Items of operational ground support 
eqUipment. Rough draft caples of the test conditions 
to be Imposed have been published In MaterlaJ Process 
Bulletins (MPB's). The Items to be tested are as 
follows: 
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GAM-63A Checkout and Test Equipment 

Director Aircraft Bench Set and Checkout 
Trailer 

Emanating Bench Set 

Nonemanating Bpnch Set 

Calibration Equipment 

Fuzing Bench Set 

c. Ground Support Evaluation Program 

As part of the Rascal work eUort, programs are 
IlDder way at the Wheatfield facmty and at HADC to 
evaluate operational ground support equipment. The 
evaluation consists of actual usage of each item in 
accordance with the applicable handbooks. In addition, 
the handbooks associated with each item are evaluated 
for sultab1l1ty and accuracy in describing operation 
and maintenance. Of the 21 items scheduled for eval
uation at the Wheatfield faclUty, 19 have been eval
uated. 

At HADC during this quarter, theprimaryeffort 
on ground support equipment has been concerned with 
the evaluation of the missile and director aircraft 
checkout traUers and associated handbooks. A major 
part of tllis evaluation has been a review of the GAM
63A Guidance System Handbook, T.O. IMI-GAM
63·2-8. Since this program has beenconductedoD the 
basis of noninterference with the mlssUe firing 1 ro
gram, progress has been interrupted by the needs of 
the night testing effort for hardware and manpower. 

The director aircraft checkout trailer bas been 
evaluated on an individual component basis and is now 
ready for evaluation of the AN/APW-17 system LIl 
DB-·n No. 53-2345. 

The status of evaluation of the primary weapon 
system handbooks Is as follows: 

T. O. No. TUle status 

lMI-GAM-63-6 Inspection Require- Being revised 
menta 

IMI-GAM-63 General Mlsslle Completed 
2-1 Handbooks 

IMI-GAM-e3~ Ground Handling, 
2-2 Servicing, and Alr

frame Maintenance 50% complete 

IMI-GAM-63 Electrical System 30% complete 
2-3 

1 MI-GAM-63 Hydraulic System 20% complete 
2-4 

IMI-GAM-63 Propulsion System 5% complete 
2-5 

IMI-GAM-63 Guidance System 5% complete, 
2-8 90% pre-

evaluated 

MI-GAM-63 Fuzing System 50% pre
2-9 evaluated 

IMI-GAM-63 Wiring Handbook Com~leted 
2-11 

2K-LR-67-6 Power Plant (Rocket 
Engine & Package 
Accessories) 10% complete 

I1G-2-3-3-2-1 AN/APW-17 Gen. Pre-evalua-
Systems tion com

plete 

llG-2-3-3-1 AN/APW-17 Oper 50% pre
atlng Instructions evaluated 

llG-2-3-3-14 AN/APW-170rganl Pre-evalua
zaUonal Maintenance tion com

plete 

The evaluation of these handbooks wUl be com
pleted as the opportunity to perform this evaluation 
occurs in the firing program. 

Individual items of ground SUf/port equipment 
evaluated with the associated handbooks during this 
quarter include: 

Item Part No. 

Warhead Loader 112-789-374-1 

Warhead Door Pan 112-789-051~1 

Templates and Gages 112-789-800-3 

Forward Body Stand 112-782-012-1 

Aft Body stand 112-782-045-1 

Warhead Door Pan Sling 112-789-101-1 

Adapter, MA-7 Cooler E.O. 39181-3 
(Partial) 

Pressuizlng Kit, DB-47 Hyd. 112-809-492-1 
Resel"Voir 

Special Tools (Partial) 112-789-801-J 

Final Assembly Test Equip. 112-542-138-1 
(Partial) 

Only minor dlscrepancies occurred in the eval
uation of these items. Where necessary, changes 
were incorporated to makp. the items compatible with 
the weapon system and changes were made to the 
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associated handbooks to make them compatible with 
the Items or their operation or performance. 

Figure 18 sho",s the warhead loader, Bell Dwg. 
No. 112-789-374-1, positioned beneath GAM No. 80 
during the Warhead Loader Evaluation. In Figure 19, 
the aileron gages are in position on GAM No. 85 during 
the Templates and Gages Evaluation. 

Figure 18. Warhead Loader 

Positioned Beneath GAM No. 80 

The platform assembly, Bell Dwg. No. 112-789
908-1, is ~!sedforlevel1ngthem1ssUeinp1tch and! roll. 
The platfor.m a8sell'bly Is mounted on the left wing at 
the centerline, with two machined surfaces of the 
assembly resting on the wing's skin. When this device 
was attached to G.,\..M No. 85, the machined surface 
did not contact the skin forward of the centerline 
(aee Figure 20). This is being corrected. 

Figure 19. Aileron 

Gages Positioned 

on GAM No. 85 
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Figure 20. 

Q. Training Equipment 

1. SYNOPSIS 

The training equipment element of the Rascal 
Weapon System comprises that equipment for training 
maintenance and operational Air Force Organizational 
Personnel assigned to the weapon system. 

Earll' in the Rascal program, classroom demon
strators for the GAM-53 missile systems and for the 
ANIAPW-17 radar course-directing central in the 
DB-47 were designed, fabricated, and delivered tothe 
USAF. These demonstrators were designed for the 
indoctrination and for the maintenance and proficiency 
training of Air Force personnel. 10 addition, an F
80/B-50 aircraft team, modlfied and instrumented to 
simulate the GAM-63/DB-47 weapon, was delivered 

J to the Air Force for training operations peraoi"u"lel. 
J. 

Recent efforts have been directed toward the devel
opment of a Mobile Training Unit and an improved 
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Platform Leveling Assembly Attached to GAM No. 85 

Rascal Guidance Operator Trainer. Figure 21 pre
sents the status of trailling equipment programs. 

2. MAINTENANCE TRAINING AIDS 

The Mobile Training Unit (MTU) Is especially de
signed for use in the field. The unit consists of 
functional ,-,omponent systema of the missUe and the 
director aircraft mounted on a series of highly mobile 
panels. 

The MTU is divided into two main categories: the 
missile portion comprises systems and components of 
the GAM-63A; the director aircraft portion comprises 
all systems and components which are normally found 
in the DB-47 and are peculiar to the Raacal weapon 
system. 

The major systems of the MTU are portrayed on 
vertical wooden panels dl2signed according to Air Force 

- , ~ -------- -~.
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INCORPORATE WEAPON SYSTEM CHANGES 

ALL-OPTICAL SIMULATOR (TARGET 
BRIEFING DEVICE) 

PROTOTYPE DRAWI'lGS 

PROTOTYPE HARDWARE 

TEST ANO EVALUATION 

RASCAL GUIDANCE OPERATOR TRAINER 
(RGOT) 

RADAR SIMULATOR MAP-MAKING 
TECHNIQUES 

MAP -MAKING MANUAL 

PROTOTYPE HARDWARE 

DRAWINGS 

FUNCTIONAL TEST 

TARGET ACQUISITION PROGRAM 

RGOT EXPERIMENTAL PROGRAM REPOkT 

..IF-89 SIMUL.ATED GAM-53A REPORT 

DEL.IVER MISSILE MT"I I \, I \ 

I 

I 
JAN FEB MAR APR MAY JUN oJUL. AUG SEP OCT NOV DEC 

1957 

Figure 21. Status of Training Equipment Programs 

Exhibit WeE-2BO, including AmendmentIV, and feature 
sectlon&lized, plasticized, ')r actual operating com
ponents. The smaller systems and items pertaining 
to arrangement, access, ground handling, and inspec
tion will be presented on a series of approximately 
150 multicolored transparencies suitable for pro
jection in it claasroom. 
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The missile portion of the MTU consists of 14 units. 
Seven of the units portray systems in the alissUe, 
while five others contain checkout and test equipment 
for those systems. The remaining two units supply 
power for operating the complete set. The design of 
all missile units of the MTU bas been completed and 
fabrication of the unlts is under way. 
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The director aircraft portion of th~ MTU consists 
of 11 units. Six of these portray Raacal systems 
located in the DB~47, three are test equipment, and 
the r'9mainlng two units supply power for operating 
the complete set. All directar aircraft units of the 
MTU have been designoo and are being manufactured. 

3. 	OPERATOR TRAlNING AIDS 

TIle Rascal Guidance Operatal' Tl'ainer (ROOT) 
accurately simulatee the operator'e environment in 
the DB-47 director aircraft. Consequently, the 
trainee learns to identify panElIIJ and !mob,; in the 
operator's compartment and becomes familiar with 
the operaUona required in IlWllchlng and guiding Il 
GAM-83A miuUe. 

The ROOT is undergoing a general improvement 
In readinees for relocation to an Alr Force faclllty. 
New panels, incorporating the lateet weapon system 
changes and nomenclature, have been fabricated and 
lnetalled in the lD8tructor'e conllOle. Larger junction 
boxes and cables have been added to provide addiUonal 
spare wires and terminals. A new optlcalllYstem has 
been installed in the radar simulator, which is under
going alignment and adjustment. Owing to improved 
llllht-transm1ssion efficbmcy of the opUcs, the light 
sOurce must be redesigned. Final optical adjustments 
must be completed before the new light iiiA:rCe re
quirements can be firmly established. 

During this quarter, the ROOT was utlllzed 1n a 
refreeher tra1n1ng program for Air Force operators. 
The tra1n1ng was particularly beneficial Illnce it 
aUered these operators the opportunity to uue the new . 
DB·47 f.Uldance staUon which Is an exact replica of the 
production configuration in the DB-47 aircraft. 

An all-optical target briefing device has been de
signed and 1s being fabricated. The deSign objective 
15 to produce, OD a simulated radlU" I!Icreen, a picture 
that II;) as realistic u possible with an all-opUcal sys
tem. Thie device, a valuable target study tool, 1s 
designed for portabll1ty and can easily be handled and 
assembled by one or two men without the need of 
mechaJ.1J.cal handllng equipment. 

Except for the Ught source, fabrication of the all 
aptlcal device was completed in January 1957. The 
unit is now being tested and debugged. 
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4. TARGET 	ACQUISITION AND RGOT MAP EVALU
ATION PROGRAM 

Contract Change Not1!lcaUon No. 27, received in 
November 1955, defines and authurlzes the Target 
AcqulslUon and ROOT Map Evaluation Program. 
Progress on the varioua phases of this program are 
pr"sented in the following paragraphs. 

The target acqulslUon lnvelsUgaUon condul;ted by 
AORL, MatherAlr Force Base, was basedupon scoring 
experienced Air Obsl!rverBombardiers (AOB'tJ) OD the 
Bomb Run Simulator which containeproperly modified 
Rascal ocope photographD of Kansas City, M1S2our1. 
Prior to the use of the Bomb Run Simulator, the 
peraoonel were briefed both on BCOpe photographs 
obtained with the RGOT and on enlarged artwork 
predictlonIJ furnlehed by Bell Aircraft. 

'the target acqu1slUon Investigation conducted at 
Bell AlE'craft Corpor&Uon using the ROOT and SAC 
AOB's was completed during the first quarterof195G. 
The report on t.b1s investigation w1ll be lsrrued during 
the next quarter. 

The third phase of the Target ACquisition Program 
was completed at Phoonix, Arizona, on 31 August 1956. 
This program utillzed a JF-89 (simulated GAM-83A), 
under the control of SAC AOB's situated in a DB-36 
director aircraft and performing under realisUc 
operational conditions. Eighteen dives ware accom
plil!lhed at Phoenix. Scoring results have been obtained 
from 10 dives and, in general, the objectives of the 
program wer. attained. The objectives lncludetarget 
acqu!slUon information, gulda1\ce system evaluaUon, 
and open-loop control system evaluaUon. Results of 
this phase of the program were published during this 
quarter. 

TIle SAC evaluation report of RGOT Map-Making 
TeChniques was submitted to ARDC at Dayton, OhiC.l. 
At the request of ARDC, Bell Aircl'llft CorporaUon 
submitted comments on the SAC evaluaUon report. 
The SAC comments indicated that the map-making 
techniques are good. 

5. 	 HUMAN ENGlNEERlNG 

EUorts in human engineering have been Incor
porated into the preparation and wriUng of the Target 
AcqulsiUon and GuIdance Operator CapaDUity reports. 
The latter report has been delivered. totheAlr Force. 

-~---- . -- ----------
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H. Weapon Sysi:ern Inve.tlgatlona 

1. 	 GRAVITY BOMBING CAPABiLITY . 

In the gravity bombing capab1l1ty program, three 
full-scale Rascal misslles will be released from a 
DB-47 under typical launch conditions. Structural 
modification of the three airframes, Nos. 02, 08, and 
29. assigned to this program has been completed and 
instrumentation has been installed. (In the fUght test 
program, the missiles have been renumbered 0102, 
0213, and 0304, respectively.) After laboratory sys
tems testing, the first test vehicle was transferred to 
HADe where it is being prepared for a scheduled 
launch early in Ap.. il. Missile 0203 was also ferried 
to HADC during this quarter; both 0203 and 0304 are 
scheduled to be launched in May 1957. 

Evaluation of the cartridge-actuated devices in the 
gravity bombs is complete. Design of the auxiliary 
systems for froee-floating the rudder and elevators, 
and for locking these surfaces in neutral, has pro
gressed to the point where detail working drawings 01 
prototype bardware are being prepared; fabrication 
of test hardware is scheduled to begin in the next 
quarter. The roll actuation mechanism, which was 
tested under a separate evaluation eUort, has been 
installed in the three vehicles. 

2. 	 ALTERNATE TARGET AND AlMPOINT CAPABI
LITY 

To increase the flexibility oi the weapon system, 
the rocket engine cut-oU time will be remotely con
trolled to ensure satisfactory missile performance 
as the missile range is varied. The proposed system 
incorporates a master timer in the DB-47; this timer 
can be adjusted to accommodate the full range of 
rocket engine operating periods. A second timer 
will be Installed in the GAM-63A and Slaved to the 
master timer; this second timer will replace the 
K-23 sequence timer that is now used in the missile 
to control rocket cut-oU. 

Laboratory testing of the new timer system will be 
completed during May 1957. The tests are being per
formed according to Bell Aircraft Report 56-989-157, 
"Ground and Flight Tests of Alternate Target!Aim
point Capability Features." Flight testing of the 
rocket cut-oU control system is scheduled to begin at 
HADe in September 1957. 

3. 	CAPABILITY STUDIES 

A document 1s being prepared to reflect the re
sults of studies that have led to the selection of the 

present Rabcal y.'eapon. The document will sel forth 
recommendations for improvements to the weapon 
system. 

The etatus of these analyses and their respective 
reports is as follows: 

(1) 	A report has been prepared to deSCribe the 
requirements imposed by the relay link on the 
missile's autopilot. 

(2) 	In the study of the effects of structural coupling 
fln th" autopilot, data have been obtained from 
tests on airfrawe ~('. 46, which was ballasted 
to Simulate the weight of warhead and power 
plant. Results of this effort are being complied 
in a report. 

(3) 	Margins of autopilot stability - 30% complete. 

(4) 	 Requirements imposed on the autopilot by the 
radar set antenna - 60% complete. 

(5) 	In the analysis of requirements imposed on the 
autopilot by the inertial range-computing sys
tem, a separate study is under way to determine 
the terminal guidance capabilities of the present 
Rascal system. Although this supporting work 
has essentially been accomplished, the over-all 
study is about 75% complete. 

(t') 	A report of the analysis of platform leveling is 
in work and is scheduled to be completed early 
in. the next quarter. 

4. 	WEAPON SYSTEM ANALYSES 

The problems relating to the Rascal Weapon Sys
tem in op!i!rational status are being investigated. The 
effort during this quarter bas been directed toward 
the Ready-Alert! Alert-Maintenance cycle of squadron 
activity. Initial studies were concerned with general 
analyses of the interrelationships among such para
meters as types and quantities of weapon system 
checks performed in each area, discrepancy rates, 
number of servicing stations, rate of serviCing at each 
station, and status of each area In terms of numbers 
of weapon systems on alert status, on ready-alert 
status, and in maintenance. The generalized results 
of these analyses have been summarized to provide 
an indication of data requisite to performing an ade
quate analysis of squadron activities. Work is under 
way to determine the sensitivity of this model to 
changes in assumptions relative to average mainte-
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nance times and frequency distribution of repair 
times associated with system discrepancies. 

In anticipatlon of a more thorough analysis of 
squadron activitiee in areas relating to 8plU'e pilrls 
requirements and stockpil1cg, perUnent studies avall 
able in the litenture are belng reviewed. In partiCl.!
lar, the following Rand Corporation reports are being 
analyzed for applicabWty of methods to the Rascal 
system atudies: 

RM-1357 "Confidence Intervals for Poisson 
Parameters ln Logtettc8 Re8earch" 

RM-1413 "The Predtcticn of Demand for Air
craft Spi.i'e Polru Uet:.g th~ Method 
of Conditional ProbabWtie8" 

To correlate assumed defense l.evels, survival 
probabUities obtained frt;lm earlier studies ,mploying 
uniform defense assumptlons are being compared with 
re!:'.llU! obtained from the use of discrete intercepter 
and/or surface-to-air mi8sUe mock-engagements. 
However, this problem is complicated by the lack of 
specUlc data regarding eJqIected number of engage
ments, apportionment of engagements a.s to types 
(long-range SAM's, short-range WII's, and inter
ceptors), and relative enemy defense effectlveness 
for eacb engagement. 

Additional investigations and calculatlons have 
been completed on the geodetlc quantities relatlng the 
Bell Aircraft complex target to a number of other 
stations in the HADe area. To as8Ure mutual consls
tency in the results of this work, facWtles at White 
Sands Proving Grounds and at HADC were visited to 
discuss theae geodetlc problema. 

5. LOW-ALTITUDE LAUNCH CAPABILITY 

Studies have been initlated to investigate the com
patlbUlty and capabilities of the Rascal mlssUe when 
employed with director aircraft utll1zing the Low
Altitude Bombing Systt.!m (LABS). Themainemphasls 
haa been to determine airplane prelaunch flight paths 
that are compatlble with both DB-47 cap;ibUlties and 
System llZA restnctions. ConSistent with these re
qUirements, two t.entative flight paths have been de
termined. The following assumptions have been made: 

(1) 	DB-47 C~J1 be maintained at a cOlUltant velocity 
of 715 ftt/ser: up to the time of missile launch 

(2) 	DB-47 f~ross weight will not exceed 135,000 lb 
during LABS maneuver 

(3) 	During prelaunch maneuver, a 2g horizontal 
lccelfJration will not be exceeded 
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(4) 	Throughout entire prelaunch fUght, 3g of normal 
acceleration will not be exceeded 

(5) 	Wtial pull-up of director aircraft will occur at 
1000 n MaL and missile launch will occur at 
6000:n MaL 

The two flight paths investigated diUer only In til" 
initial pull-up maneuver. One path aBsumes anln!tlal 
3g maneuver and the other an 1nitial 2g m:;m3Uver. 
These maneuvers are based upon the afore-mentioned 
assumptions and will require revinion !UI more 
realistic data become available. 

6. MISSION PLANNING DATA REPORT 

A preliminary document, ''GAM-63A/DB-47 Wea
pon System Misaion Plannl!!g Data," Report No. 66
989-021, was published in January 1957. Effort on the 
90-day 1 aviston to this report Is continuing. 

Flight planning information is being prepared 
specifically for use during the E&ST Program. These 
data wW. be delivered to Eglin AFB early in ihe next 
quarter. 

The final draft of the "Operational Utllizatlon 
Summary Report," No. 66-989-001, Is nearly com
plete. Review is scheduled for early in April 1957. 

7. ELECTRONIC VULNERABILITY TESTS 

As part of the System 112A R&D work eHort, an 
Electronic Vulnerabillty Test (EVT) PrQ&:'am Is 
under wa"} at HADe utilizing the JF-80C (USAF No. 
45-8485) and the JOB-36H (USAF No. 51-5706) air 
craft (see Figure 22). This program is being con
ducted by the USAF with Bell Aircz-aft support to 
determine the susceptib1l.1ty of the Rucal Weapon 
System to Interception and analySiS, and the degree of 
interference of missile performance that can be 
introduced by jamming and deception. 

During the quarter, the following systems were 
evalua~. 

Radar Set - Two tests have been conducted suc
cessfully on the radar set: (1) sweep-jammingagalnst 
the antlJam mode of operation and (2) noise-modu
lated CW spot-jamming against the fixed frequency 
system. WbUe at least two additional testa must be 
accomplished, several more would be dellirable pend
ing availabWty of suitable jamming equipment. 

Relay Receiver - The techniques of sweep
jamming and spot-jamming have been attempted 
against the relay recf:iver. Only the sweep-jamming 
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Figure 22. JF-BO. and J8-36 Aircraft Assigned to EVT Program 

8. ANALYSIS OF PACKAGING REQUIREMENTS 

quired. 
test was valid. Two additional valid testa were re

The System 112A packaging an!!lySi8, Report No. 
66-989-028, and packaging proposal, Report No.Command Receiver - A spot-jamming technique 


ut:1l1zing noise-modulated CW haa been used against 
 02-9"5-155, are undergoing final engineering review 
the command receiver. The testa were considered prior to publication. 
vlilld. 
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SECTION III 

AiR FORCE PROGRAMS 

A. Employment and Suitability Testl nil 

The operliltional BUitabillty testing of Air Force w1ll be undertaken md this will lead to actual mis8tle 
guided missiAes Is under the provisions of A.FR 80~1~ launcb1ngs by the APGC test team during 1957. 
whicb designates this function as the !lrtme responsl
b1l1ty of the Air Proving Ground Commmd (APGC). Performance computationtJ necessary to the. com

pllation of a handbook for the E&ST program are 
The Air Force On-the-Job-Tra1u1ng (OJT) program nearly complete. Tbt'! rewlta wUl be presented as 

at Eglin Air Force Base preceded the groundpbase of curves of boost-timel" oetting as a function of de
Employment and SuItability Testing(E&ST). Sufficient tonation alUtude and rallge. DetonaUon Mach numbero 
",AM-63A weapon system hardware Is available at from 1.1 to 1.3 w1ll be (covered. Also being computed 
EgUn Air FOl.'ce Base an~ the ground phase of the are detrimental range losses resulting from degraded 
E&ST progrlUlll is under way. Upon completion of the launch c(lnditions and ranges of the terminal dive. 
ground phase OJT/E&ST f!ffort, a prefi1ght program 

!lElA LolIl.tlc Depot 

Bell Aircraft Corporation submitted afacWty tribution servicee of spare parts for the GAM-B3A 
proposal to Headquarters, Air Materiel Command, on Weapon System. Thene contractD have ooen extended 
8 August 1955 covering the requirements for estab to 30 June 1957. 
lisb1ng a GAM-63A Logistics Depot at Air Force Plant 
No. 40 in the Town of Tonawanda, New York. On Space occupied by tile Depot at AF Plant No. 40 
29 September 1955, AMC approved this proposal as constitutes 56,000 square feet, or 50% of ultimate 
Appendix A to FactUty Contract AF33(800)-3U9'1 requirements under the present USAF program. The 
which was awarded to Bell Aircraft on 12 September Depot is equipped with 400-cycIe (single and tri~le 
1956. phases), 28-volt, d-c motor generators and distribu

tiOil system, as well Il8 :1 compressed-air system, 
On 5 October 1955, Bell Aircraft was awarded repair shops, and lJtock TOOmJI. The Depot space Is 

Contract AF36(600)-2867for the overhaul, repair, and/ a "closed area" under tilt. surveillance of Bell Aircraft 
or modification of components and related equipment, security pollce. 
and Contract AF36(600)-2666 for the storage and dis-

Report No. 56-981-021-48 57 
SECRET 



Accountability records have been establlshed and 
this system refiects daily the increasing number of 
items received and shipped in support of the GAM
63A weapon system. More th.'n 5500 items of Com
mon AF Tools and Equipment, of all ultimate 18,000 
items, are in stock. There are 4000 line items of the 
we~;pon system in stock, as provisioned to the Depot 
under Contract AF33(03B)-15069. 

The GAM-63A Logistics Depot has been increasing 
its working force to coincide with the increase of 
workload both in the field and at the Depot repair 
facUlty. A sufficient number of personnel are at the 
Supply Depot to support the existing Air Force pro
gram in its entirety. The Maintenance Depot is at 
60% of full operational capacity to support the USAF 
program both in the field and at AF Plant No. 40. 

Field service teams have successfully completed 
DB-47 airplane retrofit installations at HADC, at 
Boeing, Wichita, and at EgUn AFB. Additional repar
abIes and modifications resulting from AIr Force 
operations have been accomplished at the Depot on 
30-day turn-around schedules. 

c. Technical Training and 

1. AIR FORCE TRAINING 

As a result of three Air Force training conferences 
at Bell Aircraft Corporation (one from 10 through 19 
March 1953, one from 31 March to 9 April 1953, and 
the other on 9 and 10 February 1954), a training pro
gram for Systelll 112A was formulated. The confer
ences were attended by representatives of AMC, 
WADC, ARDC, SAC, TTAF, and USAF Commands. 

For these conferences, an outline of a training 
course was established, length and number of classes 
were agreed upon, and the categories of training, 
classification of trainees, and number of Air Force 
Commands that would partiCipate were determined. 
Training of Air Force per sonnel (stall, E&ST, and 
instructors) was accompl1shed in three parts: 

PART I - AF Staff Familiarization 

PART II - AF Technical Training 

PART ill - On-the-Job-Training 

PART I - The AF staff fam1l1arization program 
extended from 12 July through 22 October 1954. A 

Methods and prl>Cedures employP.d in both the 
Supply and Maintenance Depots are established in 
accordance with AFM67-1 and AFM66-1 , respectively. 
Air Force forms are used wherever practicable. 
The eUectivity of these procuiures is regularly re
viewed by the USAF from the reports submitted by 
Bell Aircraft. 

To meet contractual demands and to assure com
pliance with Depot responsibility of adequately sup
porting the Rascal weapon, certain complementary 
functions have been initiated. These services include 
coordinated but independent centers for shipping and 
receiving, an integrated communication and recording 
system, and a segregated mai11ng arrangemEnt. 

Tile Depot also operates a Logistics {;ontrol Section 
that maintains up-to-date attrition 2nd failure records 
from which are forecast the requirements for parts and 
equipment to uphold the Depot workload. This Section 
also tontrols Depot participation In the USAF Product 
Improvement Program and the Rascal Reltabiltty 
Program of Bell Aircraft. 

Support 

total of 175 USAF staff personnel attended a 40-hour 
academic program at Bell Aircraft Corporation. 

PART n - A technical training program for ap
proximately 95 USAF personnel began on 13 Aprll 
1955 at Lowry AFB, Colorado, and on 11 May 1955 
at Chanute AFB, n11nois. Tb1s first class of trainees 
completed training on 28 June 1955. All trair.ing was 
completed on 8 November 1955. 

PART m - Aletter from WADC, dated 18 November 
1953, requested that Bell Aircraft review the on-the
job training proposal outlined in HADe letter tc 
ARDC, dated 19 August 1953. The WSPO and Beli 
Aircraft subsequently agreed upon the necesaU:y for 
an OJT program at EgUn AFB. This phase of training 
has been completed. 

To supplement the training programs already ac
complished, OI.dd1t1onai approved and proposed USAF 
training programs are planned. '!be System 112A 
Program Planning Report, No. 56-989-003, reflects 
the planning for these projects. 
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2. TECHNICAL REPRESENTATIVE SUPPORT 

In support of the ground phase of the Air Force 
E&ST Program, Bell Aircraft Corporation has as
signed technical and service representativell to Eglin 
AFB, Valparaiso, Florida. 

D .. Handbooks 

1. SYNOPSIS 

A complete set of maintenance and overhaul hand
books is required for the end-1tt~ms of the Rascal 
weapon system: the missile, theAN/APW-17director 
aircraft guidance system, and the ground support 
equipment. 

The handbooks cover the organizational (flight
line) and the depot levels of maintenance, as well as 
the operation and maintenance support data for these 
levels. Data in the handbooks for the airborne elements 
of the weapon system at organizational and field levels 
Include all necessary and recommended operating and 
serviCing procedures to maintain the equipment suc
cessfully. A full maintenance capability is available 
for airborne elements when supplement!d by the over
haul handbooks, which include information for complete 
repair or rebuild. 

The respective ma!ntenance handbooks for ground 
handling and test equipment contain full procedures 
for the appropriate level of maintenance. 

Illustrated Parts Breakdowns (IPB's) and Time 
Compliance Technical Orders are provided as sup
porting data for all weapon system elements at all 
maintenance levels. 

2. GAM-63A MISSILE 

All systems maintenance handbooks for the miSSile, 
except the Inspection Requirements Handbook and the 
List of Applicable Publications, have been delivered to 
the USAF. The remaining two technicalorderB will be 
delivered when requested by the Air Force. mustrated 

A proposal has been submitted. to SAC Headquarters 
covering contractor technical support for squadron 
activation and operation of the ~calGuidance Opera
tor T::-ainer. 

Parts Breakdowns for the missUe are scheduled for 
completion by 30 June 1957. 

3. GROUND SUPPORT EQUIPMENT 

Delivery of handbooks for ground support equip
ment 1s required 30 days prior to delivery of the 
related equipment. These handbooks are being 
delivered ahead of schedule. 

Illustrated Parts Brea!~downs for ground support 
equipment are Bcheduled for completion by 30 ';une 
1957. 

4. AN/APW-17 DiRECTOR AIRCRAFT GUIDANCE 

Maintenance handbookB on the AN/APW-17 Radar 
Course-Directing Central have been delivered on 
schedule. All IPB's, except one awaiting vendor data, 
have been delivered on schedule. 

5. OVERHAUL HANDBOOKS 

The completion date for overhaul handbooks on the 
Rascal Weapon System will be determined by AMC 
with respect to the operational date of the contractor
operated GAM-63A Logistics Depot at Air Force 
Plant No. 40 (see Appendix I, FacU1ties). 

6. HANDBOOK RE'V1:SIONS 

A program has been initiated in which handbooks 
already delivered will be revised to reflect: (1) addi
tional component configurations (dash numbers added 
to Bell drawings); and (2) changes resulting from 
handbook/equipment evaluation programs under way 
at Bell Aircraft faclUties. 
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FACILITIES 

1. SYNOPSIS 

Various faclllties are operated by the Bell Aircraft 
Corporation in developing, manufacturing, and testing 
the Rascal Weapon System. Principal activities and 
functions are: research, development, and research 
flight testing at the Wheatfield Plant near Niagara 
Falls, New York; rocket engine and GAM-63A sys
tems testing at nearby Air Force Plant No. 38; and 
final tellting of the Rascal Weapon System at Holloman 
Air Dr Jpment Center, New Mexico. 

2. 	 FACILITIES IN THE NIAGARA FRONTIER 

Rascal weapon activities at Bell Aircraft fac1llties 
in the Niagara Frontier area include the design, 
devi:lopment, bbrlcation, and testing of: 

(1) 	GAM-63A missiles and missile systems 
(2) 	 Equipment for R&D and trainer aircrait 

(3) 	 Rascal guidance equipment for operational 
director aircraft 

(4) 	Ground support equipment 

(5) 	 Classroom demonstrators and other training 
aids 

Also among the activities in the Niagara Frontier 
are the training of Air Force personr.el, l!. GAM-63A 

tralning program, and operational weapon support 
equipment studies. 

a. 	Wheatfield Plant 

The Bell Aircraft fac1llty at Wheatfield, New 
York, Figure 23, is the;, nerve-center of the System 
112A program. This plant, together with other engin
eering and manufacturing fac1llties, fulfills the re
quirements for both developing and producing elements 
of the GAM-63A Weapon System. The Wheatfield 
Plant is located adjacent to the Niagara Falls Munici
pal Airport where extensive developmentntghttesting 
of electronic systems Is conducted. The administra
tive offices of the Rascal Program, as well as func
tional laboratories and sections covering the fields of 
aerodynamics, dynamics, structures, e 1e c t ron i c s, 
servomechanisms, and rockets are located here. In 
support of research and manufacturing activities are 
additional faclllties such as rocket test cells, en
vironmental chambers, vibration equipment, a wind 
tunnel, analogue computers, and automatic computa
tion equipment. Other supporling activities, such as 
purchasing, subcontracting, estimating, and account
ing, are also Situated here. 

An Electronic Data Ct'nter is being erected 
west of the Administration Building at the Wheatfield 
Plant (Bee Figure 24). The one-story structure, 

Figure 23. Bell Aircraft Plant at Wheatfield, New York 
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Figure 24. Construction of the Electronic Data Center, Wheatfield, New York 

measuring 1612 x 170 feet, will house electronic com
puter and dal" processing equipment. Late ln July 
1957, Bell Ailrcraft's Type 650 magnetic-drum com
puter will be moved into the Center from the Ad
vanced Analysls Laboratory. As presently planned, 
the Type 650 computer will be replaced during 
October 1957 with an IBM Type 704 magnetic-tape 
ComITdter. 

Tbe ElectrOnic Data Center will Pl'OC08S prob
lems involving nutter analySiS, rocket engine design 
and combustion analysts, aeroelastic studies, traJec
tory studies, and reduction of test data from misBile 
fligbts or wind tunnel testing. 

b. Niagara Falls Plant 

Located apprOximately seven miles from Wheat
field, New York, the Niagara Falls Plant is a Bell
leased facility comprising more than 165,000 square 
feet of floor space. PrtmarUy, this facility is used 
for the assembly and ",sting of electrOniC components 
and subsystems. 

In support of the Ra.scal rellablllty eHort, a 
portion of the Niagara Falls PI~.nt is being employed 
in a debugging prograr4 alme<.~ at ellamnatlng margt.nal 
parts and assembly d'.screpanetes prior to contbJct1ng 
more extensive envl.ronmental and acceptance tests. 

Report No. 56-981-021-48 
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c. Air Force Plant No. 38 

A major testing facUity operated by Bell Air
craft, Air l"orce Plant No. 38 ls situated approxi
mately 12 miles from the maln plant at Wheatfield, 
New York. This area, formerly utilized for the 
manufacture and storage of TNT during World War II, 
is a site for testing GAM-63A misaUes, rocket pro
pulsion iIo'}'stema, and other components. Thf: plant 
consists Of 68 earth-covered concrete tgloos, test 
cells, offices, railroad sidings, surfaced roadways, 
power lines, and supporting installations. 1111s 
facility 1s used chiefly for the production acceptance
testing of Rascal power pl:mta and for cheCking the 
component systems of each GAM-63A prior to ship
ping the mlssUe to Holloman All' Development Center. 
Air Force Plant No. 38 iii alao used as a proving 
ground for Ra.scal ground support equipment. 

The cafeteria has been moved from the Service 
BuUd1ng, north of Balmer Road, into a new area in 
the Manufacturing BuUdlng. During the quarter, addi
tional laboratory space wUl b~ provided in the area 
formerly occupied by the cafeteria. Test equipment 
has been ordered to increase the scope of activity in 
the laboratory. This new laboratory area. will in
crease the capabUlty or rate of callbraticlD of pres
sure transducers and, dimin1sh inaccuracies. The 
new equipment will include an analogue-to-digltal 
conversion unit for proceSSing the callbration data. 
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Preliminary tests and installation of test stands 
are 90% completed tn the area designated asE-I0 and 
E-ll. Acceptance-testing of Rascal thrust chambers, 
turbine pumpa, and rocket engInes will be scheduled 
Into these neVI test cells during the next quarter. The 
chassis of the mixture-ratio computer for the new 
high-speed data-handling system is scheduled for 
delivery during the next quarter. Delivery of the 
high-speed fiowmeters is about 50% complete. 

The temporary installation of the MB Type 
C-IOO Vibrator test assembly has been completed 
and checko·..t testing has been initiated. By trans
ferring Ole vibration testing from the Wheatfield 
fac1l1ty tel the Manufacturing Building at AF Plant 
No. 38, testing time between final assembly and final 
acceptance-testing should be greatly reduced. 

d. Air Force Plant No. 40 

Following negotiations with Headquarters, Air 
Materiel ComD'llnd, Bell Aircraft was granted right
of-entry to a portion of Air Force Plant No. 40 to 
estabUsh a Logistics (Maintenance and Supply) Depot 
for the Rascal Weapon System. Located in the Town 
of Tonawanda, New York, this contractor-operated 
fac1l1ty, Figure 25, comprises apprOximately 56,000 
square feet of floor space; The Air Force approved a 
proposal for ' rehabilitating and equipping this facUity 

for the storage, maintenance, and distribution of 
GAM-63A missile components and related equipment. 
Appropriate areas of the plant have been partitioned 
and outside fenCing has been erected in tbe interest 
of military security. Deliverable depot items are 
being stocked and procurement of faclllty equipment 
to operate the depot is well under way. 

3. HOLLOMAN AIR DEVELOPMENT CENTER 

The final flight testing of GAM-63A's Is conducted 
at the missile test range, Holloman Air Development 
Center (HADe), New Mexico. Also conducted here 
are captive flights of missiles; guidance tests and 
evaluations with DB-3S, DB-47, and JF-80 aircraft; 
and flights to familial'ize Air Force personnel with 
various aspects of the: Rascal Weapon System. 

Included in the Bell Aircraft faclllties at HADC are 
laboratory, shop, warehouse, 2I1d missile assembly 
and servicing stations (see Figure 26). The flight tl!st 
program is supported by the HADe range instrumen
tation which includes Askania cinetheodol1te stations, 
radar trackins, stations, a radar network, a telemeter
ing ground station, a mobile telemetering relay sta
tion, and motion pictur,~ camera installations. Data 
collected from GAM-6.3A captive flights and hot 
firings are reduced and forwarded to the Wheatfield 
plant so the pertinent information affecting deSign, 

Figure 25. ContJ'actor-OperatedLogisUcs Depot, Air Force Plant No. 40 
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FACILITIES ASSIGNED 

TO BEl.L AIRCRAFT I;~';;:;;:;';::';:';:') 


U. S. HIGHWAY 
00.70 

RASCAL LOADING PIT 

READY BLDG. NEW MEXICO INE. 

RADAR eLDG. 
.MAIN ADMIN-Ir,;;;;~~:::::!~~~

ISTRATIOf'! BLDG. 
SOUTH 

PIT BLDG. 


GUARO HOUSE 

W. AI!ROIlEE AVE. 

Figure 26. Planview of Installations at Holloman Air Dflvelopment Center 

performance, rel1abll1ty, and safety of the weapon essentially complete. When fully 2lctivated, Station N 
system may be quickly noted and integrated into the will accommodate the variou:1I subordinate programs 
development program. under way at HADe. 

In the effort to ensure the proper quality and func BtI.tion X is being modified to a configuration com
tioning of GAM-63A's, the ~al1tyControIDepartment patible with M1ssUe No. fJ7 and subsequent. The 
maintains 18 missile test stations (positions). Four relocation of test position Y was completed during this 
of these poSitions, stations F, G,X, andY, are located quarter. 
at HADe (see Table 1)_ A new position, Station N, is 

LOYALTY OFFICE-
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LIAISON 

l. CHRONOLOGICAL USTING OF TRIPS 

Or,anJution YI.Ued Dat. Topic. Dt.culH'd 

Leland Electric Company 
Dayton, ablo 

'14 Voltqe Rtculatora, Geuratora 
Environmental T..t!oC 

AC F Indu.trlu 2/5 W ..U. H2lIdllq: CarrilC'" 
Berwick, Pennl)/Ivanla 

Arnoll CorporaUon ' / 5 f1ulh and ntlpoaal TnUer 
JncUanapoUa, lndla.nl 

WAI.>C 
OIY'oR, Ohlo 

'11 Ground a.pport Eqlllp....' 
nCluo".. 

IIPOct· 

Pent.qon 
W••h1nC\on, D. C. 

~a PbolD1:a Ta.rpl Ac:qv.1IUlon ResIor. 

HADe 2/11 PralU. Minion, COD'.pl.. Tarso", 
fIIew Mexico Bo4tlnr PUllve F,rret 

HADe and 2/12 Flu... S)'mpolillum, Warbaad lute, .. 
Albuq'llerQ'lI, ~ ... Mexico ference T..ta 

AC F lndullrl.. ' 111 MJ..Ue Handltna Curi... 
Berwick, PClMI"lvanla 

EsUn All' force Bue 2: 111 Callbra.tloD,.'VerUlcatioa EqWI ment 
Valpa.rUIO, Florida 

HADe ,n5 Warhead Interforenci T ••UI 
N... MeldeD 

HADe 3/ 4 CootdSlI.eUOR for erel 
New Mexico 

Pul"Chle Unher.try 3/4 Pacbllnc lneUtul. 
Lafayotte, Indiana 

KlrUand Ail' Force au. 3/1 'Nubud EnsUtHrtn: Bnluat1en 
Albuqv.f"q\Jo, Ne. Wexico Te.t Coftftrel:l.ce 

HADe 3/8 DIrector A1rcr&tllnlpttUon 
Ne. N'e~co 

WADe 
o.,.to:l, Oh!n 

S/ 12 Radar Taq" :Jbldy Dntc. 

WADe 3/ 13 Te'!IDr Ul·n·BA.1I 
o..yton, Ohio Ro0I- £"11" 

ARDC 
Darron, OhIo 

S/ 14 lnatsl»le of lb. Ael'Ql.laltical 
ScIencH_ f'llebt PrqNle:t.oD MNIiAI 

!llIn A18 3/ 15 Ground aappon Equlpm.at 
V&1paraJeo, nortda 

IRS CevenUon 
Hew York CIt)' 

S/ II Ac:'OlW.lUcal 'Ilectnm1e., Eqi.. 
n..rins Ma.a.q:ement Vlew;otng 
~ T;;chn1~•• 

2. SUMMARY OF TRIP REPORTS 

a. Wright Air Development Center 

(1) Specif1ca.tions 

At a meeting with WADC personnel on 7 
February, coples of ground support equipment Speci
fications 112-947-001, -004, -057, and -069 were 
presented 'or discusaion and review. Tbeae specifi
cations will probably be accepted as submitted whlle 

further conference is desirable on Specification 112
947-06C. 

(2) LR-67-BA-ll Rocket Engine 

Conferencea were held on 13 and 13 March 
to discuss the integration of the Preliminary Flight 
Rating Test (PFRT) and tlte Qualification Test of the 
-11 rocket er.g1ne. It was agreed to revise Specifica
tion 68-947-403 to state that the PFRT will constitute 
partial fulfillment of the Qualification Teat requira
ments. 

(3) Radar Target Study Devlce 

A conference wu held on 12 March to dis
cuss requirements contained in AMC letter of Inquiry, 
No. 7-28-7093. Bell AircraftrepresentatlvesouUlned 
proposal "A" as fulf1lling all of the specific require
ments of the AMC letter and proposal liB" as a simp
ler Target study Device. The WADe.. EquipMent 
Laboratory rer.ommended that Bell Aircraft rewri~e 
proposal "An baaed upon a 100 x 100 nautical mile 
map, and rewrite Proposal "Bit to include motor 
drives for poSitioning the map. 

b. Holloman Air Development Center 

(1) Boeing Passive Ferret Mission 

During the week of 11 February, discussions 
wel'e held concerning the profUe Mission, Grav1ty 
Bomb Capability Program, Complex Target Acquisi
tion Program, and the Boeing Passive Forret Mission. 

Boeing representativell will work <Nt the 
intercept geometry and other detaile so that the mis
zion will not interfere with the Bell Aircraft flight 
plan. 

(2) Fuzing Symposium and Warbead Tests 

A fuzing :symposium sponsored by the Armed 
Forces Special Weapons Project was held on 12 
through 14 February. The presentations covered 
past, present, and some future developments in tJo.e 
area of fuzing nuclear warheads. 

On 18 February, a meeting was held with 
personnel from Bell/HADC and Sandia to discuss 
detail plana for the warhead interference tests. 
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After the meeting, preparations were made 
to in.tall the warhead door complete with the warhead 
and iru.' tl".1mentation into the missile for further teats. 

(3) Warhead Interfe ....nce Tests 

The trip on 17 February VIU to observe and 
to coordinate warhead interference tests conducted on 
Miealle No. 91 by Bell Aircraft and Sandia Corpora
tion. After the first te.t, Sandia per80Mel·reported 
all warhead (unctions present with no evidence of 
interfeI·ence. Results of the second te!'lt were also 
completely satisfactory, and the last two days of the 
visit were spent in reviewing the telemetering recorda. 

(4) 	Coordination Trip for CTC! 

The purpo.e of the trip on 4 March was to 
discu.s the faciUtie., manpower, and equipment avall
able for bolding a Contractor TeChnical Compliance 
Inspection (CTCI) at HADC. 

(5) 	Airplane Inspection 

The purpose of this visit from 17 February 
to 9 March was to examine the installations and 
modifications being performed on five director air 
craft assigned to the Rascal program. 

c. 	Eglln Air Force Base 

(1) During the week of 18 February, a team of 
Bell Aircraft personnel investigated certain rellOrted 
calibration eql,lipment problems. It was decided that 
the new verification/calibration check information for 

all test equipment would be made available to EgUn 
AFB in the form of ''pink sheet amendments." 

(2) 	8-2 Acid Trailer and Ground Support Equip
ment 

The purpose of the conference of 13 'Uld 14 
March WliS to verify that tile B-2 acid trailer is sati3
factory and should be procured as a production item. 
Customer Se::-v1ce is prOviding action to remedy 
several ground support equipment problems encoun
tel3<i during this conference. 

d. Miscellaneous 

(1) 	Warhead Engineering Evaluation Test (EET) 
Conference 

On 8 March at Kirtland Air Force Base, a 
conference was held to review the proposed changes 
resulting from a one-month evaluation of the Warhead 
EET Program. Bell Aircraft will review all items 
and reoolve a dispoflition to be reviewed with the 
WSPO. 

(2) 	Purdue Packaging InIlUtute 

The purpose of this course held at Purdue 
University in March was twofold: to provide pack
aging persoMel with a basic knowledgj of engineering 
fundamentals as related to packaging; and to intro
duce new materials and new methods of application 
of th,ese m~ter1als in packaging el{ll1pment for protec
tion froID corrosion, deterioration and physical dam
age dur1ng shipment, handling, andlong-tc:.rmstorage. 
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SUMMARV OF GAM-83A9 9

DELRVERV AND DISPOSITION 


AMCBell 
DeliverySerial 

DateNo. 

11 Jan 5201 

. 02 11 Jan 52 

11 Jan 5203 

16 Jul 5104 
4 Dec 5105 

25 Nov 52.06 

5Sep,5207 
16 Sep5208 
leDee 52 09 
5 Feb 5310 

l8Dee 5311 

12 13 Jan 5J.o 

2 Jun 5313 
15 Mar 5414 
8 Sep 5315 

29M!U' 54 16 
5 May 54 17 

23 Dec 5318 

16 Jun 54 19 
2 Dec 5420 

28 Jul 5421 
4 Aug 54 22 
4 Nov 5423 

27 Aug 5424 
12 Nov 5425 
14 Oct 54 26 
26 Nov 5427 
18 Oct 5428 
28 Dec 5329 

18 Jan 5530 
19 Nov 5431 
16 Dec 54 32 

66 
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Other DisnositionR&D 

No. 

-

-
-

0104 
0205 

-


0307 
-
0409 
0510 
-

/; 

0812 

G'H3 
0914 
0815 
1016 
1117 
-

1319 

Launch Other 

Date 

-
-
-

27 Sep 51 
18 Dpr 51 

-

30 Sept 52 
-

15 Jan 53 
13 Mar 53 

-


12 May 54 

12 Jan 54 
22 Jun 54 

5 Oct 53 
27 Jul 54 

9Aug54 
-

l 

14 Oct 54 

Used For 

Power Plant 
Mock-up 

' Servo/Guld. 
Mock-up 
Drop Test 
(MUROC) 

Aborted 

Date 


11 Jan 52 


1] Jan 52 


23 Nov 54 


5 Sep 51 

~USAF 
0 

Serial 
No. 5~ ~ 

AF5 1-1'l581 

AF51-17582 

AF51-17583 

AF51-17584 
AF51-17585 
AF51-17566 

I 
AF51-17567 

Mock-up 16 Sep52 AF51-17586 
AF51-17589 
AF5l-17590 

Exploded AF51-1759116 Mar 54 

AF51-1759212MayMJettisoned 

I 

AF51-17593 
AF51-175!?4 
AF51-17595 
AF51-17596 
AF51-17597 
AF51-17598 

AF~1-17599 

2120 ,1'l Dec 54 j 'Al"51-17600 
12:&1 8 Oct 54 AF51-17601 

' 1522 28 Oct 54 AF51-17602 
1923 3 Dec 54 AF51-17603 
1424 22 Oct 54 AF51-17604 
1825 29 Nov 54 AF51-17605 
1626 4 Nov 54 AF51-17606 
2027 8 Dec 54 AF51-17607 
1728 10 Nov 54 AF51-1760B 

- - Test and modl AF51-1'r609 
fication 

2430 12 Feb 55 AF51 - 17610 

2231 13 Jan 55 AF51-176U 
2332 28 Jan 55 AF51-17612 

Remarks 

DB-4'l iauneh 
mechanism test 
at AFFTC 

Acctdentl!.1 drop 
over N. Y. 
State 

N2 tube bundles 
exploded in 
loading pit 

Faulty turbine 
operation 

Envl ronmental 
test at APGCj 
then to ATC 19 
Mar 55 

X 

AeroJet engine 

SEtRET 
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RW Other Disposition 

OtherLaunchAMC USAFBell ~ 
t;~.Delivery SerlalSerial 
03(-1 ~ Used For DateNo. DateDate No. RemarksNo. ~o(a:: 

3733 39Mar55'1 Mar 5533 . AF51-178lS' 

34 
 2834 1Mar 55111'eb 56 AF51-17614 

18 Fsb 65253531 lsn 65~5 AF51-17615 
Serial Nos. 38 
through 45 not 
used by Bell 
Aircraft 

46 31 Mar 65 AF5l-17616 X Aerojet engine; 
rework 

47 

- -
3247 5 Aug 5529 Apr 55 AF51-17617 


48 
 27 Dec 54 AF51-17618 Aerojet engine; 
rework 

49 

X--
2849 5May5516 Mar 55 AF51-I't619 


50 
 2950 11 Jun 6528 Apr 5t,; AF51-17620 
3451 30 Aug 65 27 Apr 555£ AF51-17821 


52 
 2 Sep 55 35~227May55 AF51-17622 

53 
 39 Sep 55365326 .May5~ AF51-l7823 

54 
 14 Jul 5531 May 55 3054 AF51-17624 

55 
 315523 Jun li5 19 Jul 55 AF51-17625 

56 
 18 Aug 55 335639 "un 85 AF52-10984 

57 
 30 Sep 55 XAF53-10985 Aerojet engine; 

rework 
58 

- -
3758 7Mar 5629 Jun 6S AF52-10986 


59 
 AF53-8194- --
4 Aug 65 eo AF53-8195 Aerojet engine; 

rework 
61 

X--
8 Sep 65 XAF53·8198 Aerojet engine; 

rework 
- -

AF53-8197 

83 

e~ - --

3863 24 Apr 58 39 Sop 55 AF53-819b 

64 
 Jettisoned3 Mr.y 56 3 May 5a 5 Apr 56 3964 AF53-8199 Smoke and 

liquids Issuing 
from boatbJl 

e5 AF53-8200 

66 


- --
AF53-8201- --
AF53-820267 ---

68 AF53·8203 

69 


- --
AF53-8204- -- . AF53-8205 


'71 

'70 - -

AF53-8206- --
AF53-8207 


73 

-'72 --

30 Dec 55 AF53-8208 X To EgUn AFB 
on 3 Jan 56 for 
OJT 

'74 

--

X To Eglin AFB on AF53-820930 Mar 58 --
1 May 56 for 
OJT 

75 AF53-8210 First R&D test 
of Bell turbtne 
pump 

11 Jun 5640"i516 Jan 58 
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Bell 
Serial 

No. 

AMC 
Delivery 

Date 

Launch 

No. Date 

Other 

Used For Date 

USAF 
Serial 

No. 

.:.I 

E-< i
!~ t! Remarks 

76 29Mar56 41'1'6 8 Aug 56 AF5~-8211 
77 17 Apr 56 42'17 11 Sep 56 Al'"53-8212 Dtlstruct system 

tr Iggered by 
unknown outside 
source few 
seconds after 
launch 

78 25May56 - - Test to failure 25May58 AF53-8213 Continuing In 
groond tests 
to failure 

'U~ 22 Jun 56 4379 5 Nov 56 An3-8Ut 
90 27 Jun 56 - - AF53-8215 On hand lor Hid) 
81 20 Jul 56 4581 7 Jan 57 AF53-8218 
82 8 Aug 56 4482 27 Nov 56 AF53-821'r 
83 31-Aug 56 4783 11 Feb 57 AF53-B218 
84 24 Sep 56 4684 16 Jan 57 AF53-8219 
~5 13 Nov 56 - - AF53-8220 011 hand for lU&D 
86 31 Oct 56 - - Test to lailure 31 Oct 56 AFS3·S221 Continuing In 

ground test to 
failure 

87 16 Nov 56 - - AF53-8222 On hand lor lU&D 
88 27 Dec 56 - - AF53-8323 On hand for R&D 
89 28 Dec 56 - - AF53-8224 On hand for RId> 
90 14 Jan 57 . - AF53-8225 On hand lor RId> 
91 22 Oct 56 4891 13 MarS7 AF53-8226 
92 20 Oct 54 - - Static test 20 Oct 54 AF53-8227 
93 .. Feb 57 - - AF53-S2ZS On hand (or R&D 
94 18 Feb 57 - - A:F53-S2Z9 On hand (or R&D 
95 29 Nov 56 - - AF53-S230 X To Eglin AFB on 

30 Nov 56 lor 

96 
97 ~8 Feb"12 Mar 57 

-
-

--
AF53-8i31 
AF53-8232 

OJT 
On hand for R&D 
On hand for R&D 

98 SMar57 - - AF53-8233 On hand for RId> 
99 7Mar57 - - AF53-8234 On hand fot RId> 

(DEI missile 

I 16-1S Apr 57) 

SECRET 
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Fiscal 
Year of 
Procurement 
Contract 

1951 o 45 7 Sel'ial Nos. 36 thru 45 deleted and 
quantity added as Nos. 115 thru 124 

35 o 1 o RfJwork Nos. 46, 48 (sera also Note 4) 

1952 3 o 3 

3 0 o o o 1 Rework No. 57 -
1953 

~--~--~~~--_

6& 35 31 

+--;r~r
11 
__+

3 
--~~r__+

Not yet delivered Nos. 59, 62, 65 thru 
72, 100 thru 124 (see Note 3) 

Test to fallure Nos. 78, 86; static 
test No. 92 

-_r----------------------

3 To OJT/EIIST program NOB. 73, 74, 
95 

2 Rework Nos. 60, 61 

12 On hand !or R"D NOli. 80, 85, 87 
thru 89, 90, 93, 94,98 thru 99 

19611 22 22 o 

trotal 136 57 79 ~8 10 1 12 5 Planning for 57 missiles not yet 
deUvered: 

2 for R&D 
10; for EIIST launch 
41 for Squadron 
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. NOTES 

(1) 	 Serial No. 08 (a mock-~) and Serial No. 29 (for test and modification) are "hown as expended to 
"R&D ueed other" 

(2) 	 Bell Aircraft plene to deUver old Serial Noe. 36 tbru 45 as new Sertal numbers 115 thru 124 
(3) 	 Bell Aircraft plane to deliver old Beriil Noe. 59, 62, and 85 thru 12 as new Serial Noe. 12& thru 


134 

(4) 	 SAC has requelted Nos. 73 and 74 (after completion oi EIlST) in an "as is" condltlon for SAC/OJT 
(5) 	 No 95 could be reworked (~ter completlon of EIIST) for other dlspoaltlon 
(8) 	 Serial NelS. 102 tbru 115 are planned for launch In EI&ST program 
(7) 	 Fiscal year 11157 procurement .:If: 22 mllsiles will go to squadron; Bell Aircraft plans to deliver as 

Serial t~oa. 201 ibru 222 
(8) Total missiles for RerD ill 72 including Serial No. 08 (aleo see Note 4) 

.(9) Total mlsslles for EIIST Is 3 for OJT and 14 for launch 

(10) Recap totala: 48 missiles launched in RIID 
10 missiles used In RIID other 
3 mleslles used in EIIST/OJ'T 
1 misslle used by ATC 

12 missiles on hand for RIID launch 
-!missiles delivered to be reworked 

79 Subtotal 

2 yet to be delivered for R6D 
14 yet to be delivered (or E"~.T launch 

....!!.yet to be dellvered for squadron 

138 Total 
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