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SUMMARYI I 
I 
, 

I 
I 

The Bell Aircraft Corporation presents here a brief resume on the status 
and progress of major elements and errorts of the MX-'7'16 Rascal Weapon System 
for the quarter ending 30 September 1956. 

. '"I 
RELIABIL[TY ... reliability control charts for the Cactory- test phase are nowI 

I 
based upon a weapon system reliability goal oC 70% ... previous interim go;).l 
was 50%. . . . In the Missile Life Test Program. airframe No. 78 was subjected 
to a series of composite systems tests (less propulsion) ... observed reliability 
or the missile is 79.05% as compared with a reliability goal of 60.5%. . . . Nine 

I 
YLR-67-BA-9 rocket engines have passed the vibration acceptancetesUng program 
· .. improvement in reliability as each succeedlng engine was tested verified 
design improvements and significant decrease in malfunctions due to human errors. 
· . . Presentation of the second reliabillty educational rUm to manufacturingi personnel is scheduled for early in October 1956. 

I FLIGHT TEST PROGRAM . .. at Holloman Air Development Center, twomissUes 
(Nos. 4176 and 42'17) were launched during this quarter. .., XGAM-63 No. 4176 

I 
was released from a DB-36 director aircraft on 6 August . . . all flight objectives 
were accomplished . . . operation of the YLR~67-BA-9 power plant was excellent 
· .. at a missile range 'of 66 nautical miles the XGAM~63 was directed to a direct 
hit through the target plane. . . . XGAM-63 No. 41'1'1 was launched from a DB-4'1 

[ 
director on 11 September ... operation of the weapon system was satisfactory 
until 14.8 seconds atter umbilical separation when the destruct system was inad
vertently activated and a normal break-up of the missile occurred . . . an im
mediate investigation resolved the most probable cause of the destruct signal and 
the recommended corrective action has been initiated. ., . The captive flight 
test program is continuing at HADC to gather additional performance and environ

[, . 	 mental data during in-fUght operation oC missile and director aircraft systems. 

I 
AIRFRAME ••. investigation of rain-erosion protection of the missile's radome 
determined that the present nose coating offers the greatest erosion resistance of 
nonmetallic materials. ... Silicone hydraulic fluid XF 4270 is being evaluated 

T 
for use in the GAM-63 hydraulic system ... results of tests with this low
viscosity Iluid indicate excellent lubricity and no appreciable wear or pump parts. 
, • . A missile destructor system of improved design to replace the present prima
cord charge has been proposed to the WSPO.... Studies to simplify the circuitry,, of the GAM- 63 electrical system have led to suctessfultesls on several miOlaturized 
components offering up to 50% savings in both size and weight. ... The feasibility ,. 
of launching the GAM-63 at an altitude of 10,000 feet has been investigated .. ..~ 
a flight profile was prepared; results indicate that the present weapon system con... 
figuration o([ers no fundamental obstacles to launthing at this altitude . 

PROPULSION SYSTEM ... the YLR-67-BA-9rocketenginewlththe Bell-designed
.L 	 turbine pump has successfully passed Preliminary Flight RatingTests.... In the 


engine development program a new design, deSignated YLR-67-BA-ll. has evolved 

· .. the -11 engine will utllize IRFNA and incorporate a dual ny-ball governor 

speed control ... model specifications and details (oraPrelhninaryFlight Rating 


I 
1 Test program have been submitted to the WSPO for approval ... qualification 


testing or the - 11 rocket engine is scheduled (or completion during the first hall of 

1957• ••• Three addiUon3.1 turbine pump assemblies {rom the recently established 

production line have successfully passed acceptance testing .... The aluminum 

fuel and oxiditer tanks have passed q,ualification testing . . . iabricaUon is proceed
ing at an increased level. 

I 
Report No. 58- 981- 021- 45 
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~~·I 
GUlDANCE SYSTEM •.• improvements in AGC for the missUe's radar set are 
being evaluated during captive flights at HADC.... Wor!tonthe high-power radar 
set for the missile continues . . . tests on a newly fabricated receiver assembly U 
indicate a decrease of 3 to 5 db in the noise level. ... In the program to locate 
a rellable power-transmUting tube {or the radio repeater set, a Raytheon backward.
wave tube has proved satisfactory for Rascal relay application. . . . Components 
o( the inertial range-computing system are being evaluated under extreme environ iI 
mental conditlons . . . repackaging of the three computers used in the system 
will improve operational reliability.... The Electronics Vulnerability Test Pro
gram is under way at HADC to determine the susceptibility of the Rascal weapon flto interception and analYSiS, and the degree of interference of missUe performance 
that can be introduced by jamming and deception. 

FLIGHT CONTROL SYSTEM . . . in ihe re-evalu.lion program on the Rascal flight ;1
control system and the inertial range-computing system, more than 1100 environ
mental tests have been conducted on production models of electronic and hydraulic 
components. . . . Missile No. 46 is being used to investigate various mecbanical 
coupling eUects between the airframe andsuch.pickoffelements as gyros and accel J 
erometers. . . . A program to improve the over-all reliability of th.e flight control 
system is in the second of two phases. 

GROUND SUPPORT EQUIPMENT... a program is under way to evaluate J 
the operational equipment required. to service, test, and otherwise prepare the 
weapon system for a mission ... items oJ' support eqUipment are being used 
during prefUght preparations in conjunction with applicable handbooks to ensure 
compatibility between equipment and handbook. J 
TRAINING EQUIPMENT . . . all but three of the 25 units comprising both the 
missile and director aircralt portions of the Mobile Training Unit for teaching Jtheory of operation and techniques of maintenance in the Held have been released 
for manufacture. . . . The Rascal Guidance Operator Trainer (RGOT) is under
going changes to keep the configuration up to date •• . a new optical system for 
the radar simulator is being constructed and an all-optical target briefing device J
is being designed and fabricated.... Phase In of the Target Acquisition Program 
has been completed ... SAC Air Observer Bombardiers conducted 18 dives with 
the JF- 80 (simulated GAM-63) airplane against a radar bomb scoring site at 
Phoenix, Arizona ... guidance of the JF-80 was a.c.complished from a. DB-36 : I 
director aircraft under realistic operational conditions.....RGOT map-making 
techniques were evalua.ted by the Radar Bombing Branch, O((ult AFB and a report 
of their findings is anticipated. in the next quarter. . . . A packaging analysis 
report for the Rascal weapon is in the final stages of preparation prior to publica 11 
tion. 

: 1 
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SECTION I 

INTRODUCTION 

. ..~ 

A. History o*' Protect MX-776 

The MX-775 Rascal project was initiated by 
the Air Materiel Command, USAF, as a study program 
for the development of a subsonic air-to-surface 
missile (ASM) carrying a special warhead. This 
program was later amended to include a supersonic 
ASM; eventually, the subsonic missile phase was 
discontinued• 

In 1948, Project MX-776 was divided into two 
concurrent programs, MX-776A (Shrike) and MX
776B (GAM-63 Rascal). Bell AircraIt Corporation, 
as the prime Weapon System Contractor, immediately 
initiated the deSign, development, and fabrication of 
Shrike, a supersonic test missile (small-scale version 
01 the GAM-53) with a 50-mile range and capable of 
carrying a lOaO-pound 'Narhead. Work on the missile 
radar relay system included the use of two B-17 1s as 
a simulated missile/director aircraft team. These 
early investigations and subsequent work with modified 
F-80 and F-89 aircraft have resulted in an improved 
guidance system for installation in the GAM-63. 

In 1950, Bell Aircraft was authorized to proceed 
with the detail design and fabrication of GAM-53 
missiles, and the first powered Shrike missile was 
launched successfully from a DB-50 airplane. 

A major milestone was passed in September 1952 
when the first GAM-63 was flown under its own power. 
By the end of 1952, the Shrike program, which 
included 28 powered missiles, was successfully com
pleted. At the close of 1953, two glide and four 
powered GAM-63's had been fUght-tested, the last 
containing full guidance equipment. 

DUring 1954, the capabilities of the Rascal 
Weapon System '/Iere amply demonstrated during the 
night testing of 18 missiles . These capabilities were 
demonstrated in search radar and microwave link 
operation, power plant performance and control, 

remote control of the missile durIng terminal guidance, 
and miSSile performance 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. Pinpoint accuracy 
was demonstrated by missile No. 1626- which, under 
full guidance control, scored the first target buU's
eye 01 the Rascal !light test program. 

In the first quarter of 1955, six GAM-53 misSiles 
were launched .from DB-50 director aircraft. Two 
missiles, Nos . 2231 and 2430, scored direct target 
hits at missile ranges of apprOximately 38 nautical 
miles. This concluded the flight tesUng of Model D 
missiles and the use of 8-50's as director aircraft. 

On 5 May 1955, the first operational prototype 
missile of the Model F series, GAM- 63 No. 2849, 
was launched from a DB-36 director aircraft. This 
missile included inertial guidance and a simulated 
warhead. MissUe No. 3054, launched 14 July 1955, 
was the first released from a DB-47 director. 

Late In 1955, the MX-776 development program 
was reorientated to emphasize reliability in the 
Rascal weapon system. A firm comprehensive test 
program was eEtablished to provide an over- all 
increase in operational reliability Ylith each successive 
missile. Repetitive acceptance and Itfe tests, hot 

• The fir st two digits of the missile number indicate 
firing order; the last two digits indtcate USAF air
frame delivery number. Thus, missile 1828 is the 
18th to be launched, but the 28th airframe dellvered 
to the USAF. 

I • 1Report No, 56-981-021- 46 
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ground firings, and captive night tests are providing program at Holloman Air Development Center New 

a weapon or continually increasing reliability. Mexico. Detailed Hight test results a~e pre;ented 


in Secllon II, B. 
 1/During the lhi.r:d quarter o( 1956, 'GAM-e3's 

Nos. 'U1~ anq 41~7 -were launched in the ' night ,test. 


B. Weapon Syate", Oeac!"lptlon fl 
WEAPON SySTEM radar in the radome of the GAM ...63 scans the target n!area and relays missile position and target data to a I . 

L . Designed as an all-weather airborne instrument guldance station in the director aircralt. This infor j 
o[ combat, the Rascal GAM-S3 Weapon System pro mation is used to establish course-correcting com
vides strategic bombardment air era f t with an mand signals that are relayed to the GAM-63 as 
increased capability for attacking and destroying required to hit the target.

heavily de[ended targets with little pOssibility o[ 
 n 
being detected or intercepted. Major elements or the 

weapon system afe (1) the GAM~63 missile, (2) the DIRECTOR AIRCRAFT 

DB-47 director aircraft, (3) ground support equip

ment, and (4) training aids. The director aircraft that form an integral fJ 


element of the Rascal Weapon System are modified 
RASCAL MISSILE B-47 strategic bombardment airplanes, redesignated 

DB-47. Their primary mission is to carry the 
The GAM-53 is a rocket-propelled, air-to GAM-S3 missile to a point within 90 nautical miles 

surface, guided aircraft missile with a gross weight of a target and to provide for its proper launching 
of approximately 18,500 pounds, half of which is and guidance alter launch. In addition to an MA-8 
propellants. Principal dimensions are: over-all bombing- navigational system, the director aircraft 
length, 32 feel; maximum outside body diameter.4 feet; are equipped with (1) automatic equipment to check 
and maximum horizontal span, 17 feet. The missile out the GAM-63 quickly and completely be[ore launch 
airfram e combines a cylindrical sem imonocoque fuse and, working in conjunction with the MA-8 system, 
lage With a canard cruciform wing configuration. to release the missile automatically; (2) a relay 
structurally, the airframe consists of live major link system to establish and maintain continuous 
sections: the radome nose. forward body, warhead microwave contact with the missile; and (3) a control 
section, center body (tank) section, and aft body shell. station that permits a guidance operator to monitor 
These divisions are b~sed upon functional require ... the fUght path or the misslle and, if necessary, 
ments iilS well as system and component accessibility to initiate course corrections during the midcourae 
and ease of shipment. and terminal dive phases 0{ flight. 

For its specific employment in the Rascal 
Weapon System, the GAM-S3 comprises four closely GROUND SUPPORT EQUIPMENT 
integrated component systems: (1) aliquld-propellant 
rocket power plant, (2) a servopilot and antenna Items of ground support eqUipment for the 
stabilization system, (3) a range-computing inertial GAM-63 Weapon System are separated into three 
guidance system inc·orporating a radar relay and major categories: servicing, handling, and checkout. 
command override feature, and (4) a special warhead This equipment encompasses all items that are not 
and fuzing system. The rocket power plant, utilizing an integl'al part of the missile or dit'ector aircraft, 
fuming nitric acid and jet fuel as propellantsJ delivers but are necessary to serVice, repair, test, and other
12,000 pounds thrust to accelerate the GAM-S3 to wise pre)jare the weapon for its miSSion. Servicing 
supersonic velocity during its climb to cruise altitude. equipment includes items such as the fuel and oxidizer 
During the gyro-stabilized midcourse porUonofflight, trailers and the nitrogen boost trailer. Handling and .1 
the missile follows a. programmed course as dictated transport items comprise carriages and dollies, 
by Its inertial guidance system. A range com~uter assembly stands and slings, and packagingequipment. 
measures the horlzontal distance tr,aveled from the Checkout and test eqUipment is provided tor the 'ipoint o[ launch and cause. the missile to enter a preset maintenance o[ elec!tonic, elec!tical, and hydraulic 
dive to target. During the terminal dive, a. search systems in both the missile and direelot aircraft. 
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TRAINING EQUIPMENT 

Rascal tralnlng equipment provides the means 
tor indoctrinating and training maintenance andopera
tions personnel of the Air Force in various phases 
of weapon system application. Equipment required 
by the Air Force comprises a mobile trainer unit 
for teaching theory of operation and techniques of 
maintenance in the field, and an operational procedure 

c. Weapon System Mission 

The Rascal We:tpon System. is designed to 
carry out air-la-surface bombing of strategic u.rgets 
without exposing the bombardment airplane and air 
crew to local target defenses. This mission is 
accomplished by combiningahigh-performance DB-4'l 
bomber airplane with a relatively Short-range, super
sonic, GAM-63 missile. In its operational employ
ment, the weapon system is baaed upon the ability of 
the miSSile to penetrate local defenses and to deliver 
a 2800-pound special warhead to a strategic target 
with HtUe probability of being deteeted or inter
cepted. Thus, DB-47 strategic bombers as director 
aircraft armed with GAM-63 missiles need not 
approach the target closer than 90 nautical miles, 
the range of the missile. 

An Air Force letter dated November 1953 
established a maximum range requirement of 90 
nautical miles for the Rascal missile. Based upon 
a missile range of 75 nautical miles, the GAM-63 
will provide an airburst with a. horizontal circular 
probable error (CEP••) not greater than 1500 feet 
and, excluding errors in weather prediction and 
target intelligence, a vertical standard deviation·" 
not greater than 405 feet . 

• "Military Characteristics for a Pilotless Parasite 
Bomber,tI BAB-51-B1, 14 December 1951, Direc
torate of ReqUirements, Hdq. USAF; "Development 
Directive, II No. 00- 27 -AI, 4 February 1952, ARDe; 
and liRe orientation of Project MX-776, Contract 
W33-038ac. 14169," AF letter WCSGA/HDH/nrw, 
4 March 1952. 

•• CEP: The limiting value, as the number of flights 

becomes large, of the radius of a right circular 

cylinder whose axis is a vertical line through the 

largel and within which 50% of the detonations 

occur. 


'''VERTICAL STANDARD DEVIATION: Thelimitlng 
value, as the number of flights becomes large, 
of the root-mea..t..-sQuared distance between the 
actuai and inlended detonation altitude. 
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trainer for guidance operators. Additional eQ.uipment 
includes: mobile classroom demonstrators containing 
functional component systems of the misllile and 
director aireraft; flighl teams of F-80/B-50 aircrafl 
modUied to simuiate the GAM-63/DB-47 combination 
in actual alr-to~8urface training; and appropriate 
spare parla, test units, bench test sets, and in.truction 
manuals. 

In a typical maximum-range mission, the DB-47 
director aircraft, carrying the GAM-53 missile, is 
navigated to a predetermlPed launch area by means 
01 its MA-8 bombing-navigational system which con
stantly computes distance and course to the target. 
Immediately prior to launch, an automatic checkout 
system (ACS) checks critical items of the missile 
in sequence, while data regarding director aircraft 
velocity, heading, and changes in range-to-target are 
fed into the missile to serve as "initial condition" 
data for its nonemanating guidance system. At ~ 
preset distance from the target, the ACSJ in conjunc
tion with the MA-8 systemJ automatically releases the 
GAM-63 on the proper heading for the target. Minimum 
launch altitude is 40,000 feet MSL; minimum launch 
velocity i8 Mach 0.78. As the missile clears the 
launch gear of the DB-47, the rocket engine ignites. 
The GAM-63 accelerates to supersonic velocities in 
lis climb to cruise altitude as programmed by a 
pressure- sensing circuit. During its climb and cruise 
to the point of terminal dive, the missUe is controlled 
by a gra.vity-referenced inertial guidance system. 
The misslle' 8 range computer measures ground range 
to target by double integration of a signal from a 
pitch-stabUized accelerometer. At a pre-established 
distance from the point of launch, the range-computing 
system places the GAM-63 in a 35- d1ve toward the 
target. 

At the initiation of terminal dive, a search 
radar mounted in the nose of the missile is automa
tically activated and scans the area ahead of the 
GAM-53 over a 150· sector. A radar image of the 
target and surrounding area, complete with missile 
position and heading, is sent via a microwave relay 
link to the director aircraft. Here, the radar infor
mation, displayed On a plan position indicator, enables 
a guidance operator to monitor the progress of the 
llight and to ascertain the missile's position relative 
10 the wget. U the GAM-63 I. he.ded off course, 
guidance commands in pitch and azimuth can be 
comlKlted and transmitted via the relay link to 
override the milsile'l autopllol. ThislUccompUahed 
as the operator manlpulal.. a traCking suck 10 align 
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I. cursors on the radar display in cOincidence with the 
target. Displacement o( the tracking sUck determines 
the magnitude or the night path corrections which 

; I 
, 	 ° are automatically computed and relayed to the mls~ , sUe's autopilot system. With the radar definition 
,I : 	 of the target area constantly improvingastheGAM-63 

approaches ita objective, the required degree o( 
accuracy in tarBel acqulalUon is assured. 

It Is important to note that the guidance operator 
may, at any time after launch, iniUate a command to 
energize the search radar in the missile. The : I 
relayed video information can be utilized to check 
and correct the flight path o( the GAM-63 In relation 
to known checkpoints. Also, the terminal dive can 
be iniUated through the command link. 
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SECTION II 

RESEARCH AND 
DEVELOPMENT PROGRA 

, i 

, 
t A. Ground Teet Program 

I 

~ 1. SYNOPSIS missile was subjected to 60 composite systems tests 

which consisted o( one reference compoSite, 50 com


As the Rascal Weapon System progresses from posites under normal operating conditions, and nine 

the R It D stage to the fabrication of prototype opera composites during which time the missile was vibrated.
[ 	 tional configurations, an increasing amount of final Figure 1 shows the preparation o( XGAM-63 No. 78 
testing and evaluation of equipment is undertaken. 
The major effort is directed toward (1) systems 
testing o{ components and subsystems, (2) flight
G testing o{ GAM-63's, and (3) evaluating prototypes o{ 

director aircraft and ground support equipment. In 

such a testing program, system deficiencies a.re 

pinpointed and corrective development work is accom
[ 	 plished concurrenUy with the evaluation of the weapon 

system and its elements. 


Presented here is the progress being made in .. [ systems testing of various elements of the weapon 
system . 

[ 	 2. TESTING AT TIlE WHEATFIELD FACILITY 

a. Missile Test Stations 

[ The Missile Laboratory at Bell Aircraft's 

Wheatrleld plant maintains two R " D test stations {or 

evaluating engineering changes and/or development 


I problems which affect systems test operations. Each 
test station is capable or complete systems testing 
(excluding "hot" propulsion tests) or electrical, elec

tronic, and hydraulic systems of the GAM-53. 


[ b. Missile Testing 

(1) XGAM-63 No. 78 

The Lile Test Program conductedonXGAM- Figure 1. Preparation o{ Missile No. 78 {or LateralI 
Plane Vibration Testing63 No. 78 Vias completed during this quartet. The 

5L
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lor lateral plane vibration. Report 56-987-164,I i 
"Composite Systems Tests on GAM No. 78," has been, I 
published. This report presenla the test procedures

I and resultant data of the 50 composite systems tests.I 
Repor t 56-987 -168, "Vibration Testlngo! GAM No. 78," 
is being published to present information on the other 
nine composite tests. 

i Misslle No. 78 Is presenUy being modilled 
in preparation for a simulated profile mission test. 
The missile will undergo an eight- hour period 01 

! 
I vibration after which a composite systems test will 

be conducted. 

I (2) XGAM-63 No. 80 

I Alignment tests are being performed to as 
sure required operation of the limited life replacement 
components recently installed in XGAM-63 No. 80. 
Upon completion of these tests, the missile wlll be 
shipped to HADe. 

(3) XGAM-63 No. 70 

Testing has been completed on the fin 
hydraulic and electrical systems for XGAM-63 No. 'l0. 
The hydraulic system was revised and the electrical 
system changed to the same configuration, effective 
on missile No. 4075. This is in preparation for the 
Angular COincidence Studies to be conducted at 
Holloman Air Development Center. 

c . Mtssile Equipment 

Systems testing 01 components and subsystems 
designed lor GAM- 63 missiles is perlormed to ensure 
the satisfactory operation of these units under environ
mental conditions that will be encountered in actual 
field operations . 

To accomplish environmental testing, both con
ventional and specialized test lacUities are employed. 
These include vibration, shock) acceleration. and radio 
interference eqUipment; temperature, humidity, and 
altitude chambers; and chambers lor proof-testing 
under conditions of sand and dust, frost, and explosion. 

Systems testing of missile components and 
subsystems at lbe Wheatfield plant has been completed 
in accordance with Bell Aircraft Report 56-989-129. 
Test reports are now available for the servo
eleclronlc, servo-hydr aulic, and electrical compo
nents, as well as for the radar set and the radio 
repeater set. 

d. Director Aircraft Equipment 

P reproduction systems tesUng 0( the terminal 
guidance .)lstem (TGS I. part or the ANIAPw- 17 

6 
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system) is progressing. This work is being accom 
pUshed In accor dance with Bell Aircraft Specification 
110- 947-043. Testing Is In the third or three phases . 

Phase I was performed wilb lbe TGS separated 
into its five subsystems. Testing was conducted 
under environmental conditions 01 temperature, alti 
tude, vibration, shock, Irost, humidity, and crash 
safety. 

Phase II was conducted with the five subsystems 
operating as a complete terminal guidance system. 
All components of the TGS, normally supplied and 
integral to the guidance capsule, have been tested 
satisfactorily under specified testing; all test reports 
have been forwarded to WSPO. Alile test (1000 hours 
duration) has been completed successfully; the test 
report will be published early in the next quarter. 

Phase III of this test program is apprOximately 
60% complete. Forty- two TGS units o! a total of 46 
have undergone explosion- prool tests with no failures . 
Thirty or the 42 units have been exposed to conditions 
of sand and dust with no failures. High-frequency 
vibration without isolators has been performed on 9 01 
the 30 units with only minor failures being noted. 

e. Miscellaneous 

(1) MIssile 

Re-evaluation testing 01 the radar set and 
radio repeater set· (follOwing systems tests) has been 
completed successfully and the reports are being 
prepared. Re-evaluation t est i n g of the servo
electronic components is continuing. During these 
tests, drift was noted in the output s ignal under 
conditions or low temperature. A redesign oJ lbe 
spin drive amplifier has been undertaken to eliminate 
this condition. 

Special environm ental inspection tests have 
been completed satisfactorily On 11 sets of modified 
telemetering systems. Five 01 these sets are 16 
channel systems and the remaining six are 20-channel 
systems. An additional four sets are undergoing 
tests which should be completed dur ing the next 
quarter. 

Lile testing (1000 hours duration) 01 a radlo 
set subsystem is in progress. To date, 775 hours of 
operating time have been accu.mulated. During this 
time, seven part failUres were encountered and it 
was necessary to readjust potentiometer settings 11 
Umes to compensate for drift. 

SU8ceplibUlty tests on the S- ahd L-band 
beacons have been completed successfully according 
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I 
to the requirements or MIL-I-S18IB. At present, 
susceptibility tes~s are being conducted on the radio 
set subsystem. The radar set subsystem, tele
metering subsystem, and lerVO and inertial guidanceI 

I subsystems are also scheduled for susceptibility 
testing. 

Tests under the combined environments of 

I 
temperature, altitude, and vibration have been com
pleted satisfactorily on four servo amplifiers. Plans 

I 
call lor two additional servo amplifiers to be subjected 
to this test. Combined environmental tests are also 
scheduled on two types of blower assemblies and a 
relay used in the Rascal missUe. 

I 
Evaluation testing is under wayan encap

sulated and hermetically sealed transformers and 
reactors. A redesign of the mounting brackets for 

1 
the transformers was necessary because of faUures 
occurrlng durlng vibration testing. An evaluation 
test of lightweight Selenium transformer rectifiers 
has indicated the possibility of reducing by two-thirds 
the weight and space requirements of the d-c power 
supply.

I Time-delay relays, which are smaller and 
Ugbter than those presently used in the missile, 
are undergoing evaluation tests. 

I 
I A prototype of the redesigned servo powt!r 

supply has been subjected to vibration tests without 
isolators. Vibration testing at an acceleration of 109 
in the frequency range of 5 to 500 cps was performed 
satisfactorily without isol~tors. 

I A resonance scan vibration test was per
formed on the YLR-67-BA-9 rocket engine to deter

I 
mine fatigue points and reliability of component 
installations; only minor failures were noted. Aseries 
of frequency scan tests was conducted on the -9 gas 
generator package todeterrnlne the natural frequencies 
of its compOn.ents. The results of this test are being 
analyzed. 

I The possibility of. using Barry IIAll-Angll! 
vibration isolators on Rascal components is being 
investigated.

I (2) Director Alrcraft 

Tests are planned to determine the possi

I bUity 01 reducingnoi.e within the AN/APW-17 guidance 
system. The:le tests are tentatively scheduled to 
start in January 1957. 

I Special environmental inspection testing is 
continUing on the AN/ APW- 17 guidance equipment 
returned from HADe. Systems NOs. 3, 5, 8, 7, 11, 

I 
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12, and U. have been tested successfully and shipped 
to HADC; syatem No. 13 1s presenUy undergoing 
tests. 

Special tests have been performed Buccess
fully on the alternate warhead. "black boxes" from 
two ANIAPW-17 guidance systems. 

(3) Ground Support Equipment 

It has beendecidedthatpreproductlon testing 
o( ground support eqUipment will be performed. to a 
limited extent only. Test procedures and planning on 
this program have been halted. 

A total of four GAM- 53 airborne simulators 
(Bell Dwg. 112-542.500-1) baa been tested and 
delivered. Four additional units are to be tested. 
Also, One GAM-63 simulator of the -5 configuration 
will be te.ted. 

Pre-evaluation tests have been completed 
On the general purpose hoisting sUng, warhead loader , 
forward. body etand, hoist support boom, and aft body 
sland. The test reports are being published. 

During this quarter, a program was initiated 
to determine the compatibility of the operational, 
service, and field maintenance handbooks with the 
operational test equipment. The handbooks are being 
reviewed for the sequential continuity and proper 
utilization of the emanating guidance, nonemanating 
guidance, fUZing, and calibration bench set equipment, 
and. the missile checkout trailer. The teat program 
for evaluatlng the handbooks Is apprOximately 20% 
complete. 

3. TESTING AT AIR FORCE PLANT NO. 38 

a. General 

The MX-776 testing program at Air Force 
Plant No. 38 consists of. composite systems testing 
of GAM...63 missiles and inspection testing of rocket 
thrust chambers, turbine pumps, gas generators, and 
rocket engines. In composite testing, all systems of 
the GAM-63, including the rocket engine, are operated 
and checked Simultaneously to ascertain the effect 
each system has on the others. 

Nine cells are used for inspection testing: One 
for rocket engines, one for gas generators, one for 
thrust chambers, One for turbln~ pumps, and five 
for composite systems. Additional qualification 
teBting including attitude test, and environmental 
tests ~ver a temperature ranle of _65 0 to .UO°F. 
can be conducted at tbis .Ue. 
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b. Thrust Chambers 

Six additional thrust chambers have passed 
acceptance tesling. Water flow and hydrostatic 
pressure checking of thrust chamber shells, and 
high-pres6ure methylene chloride flushing of pro
pellant valves, continue in the Water Flow Building 
located near Cell E-5 (see Figure 25) . 

c . Turbine Pump Assemblies 

Nine inspection tests were conducted during thls 
quarter and (our turbine pump assemblies were 
accepted (or use in rocket engine assemblies. 

d. Gas Generator Packages 

Inspection testing of gas generator packages is 
under way in Cell E-4. Both ambient and cold tests 
have been conducted. The test facility at Cell E-4 
was completely checked out and three gas generator 
packages were accepted durIng the quarter. 

e. Rocket Engines 

Twel ve inspection tests, conducted in Test 
Cell E-3, resulted in the acceptance of four YLR-61
BA-9 rocket engines. 

• • • • • • • . • • • • • • • • . . . . . 

C. Tank Pickling 

Pickling o( aluminum oxidizer tanks prior to 
instaliallon in missiles is continuing in TestCeli E-4. 
Twelve tanks were processed during this quarter. 

g. GAM-53 Missiles 

Testing was completed on missUe No. 4176 and 
the GAM-53 was translerred to the Wheatfield plant 
tn preparation lor shipment to HADe. 

Missile No. 42'17 was tested in CeU E- 5. This 
included a cold temperature (-55°F) composite sys
tems test with propulsion (see Figure 2). Over-all 
performance of missile No. 4217 indicated an improve
ment over the previous missiles, Nos. 4075 and 4176. 
Cleanup of minor discrepancies was conducted and 
No. 4277 was transferred to the WheaUield plant in 
preparation for shipment to HADe. 

GAM-53 No. 79 was tested in Cell E-9 where 
an ambient composite systems test with propulsion 
was perlormed. Trouble-shooting was then conducted 
on the various problems encountered. These were 
primarily minor telemetering system troubles and two 
tube failures in the servo and inertial range-computing 

~ I 
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Figure 2. Compo.ite Systems Testing 01 Missile 4277 at Air Force Plan! No. 38 
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Missile No. 81 was received at AF Plant No. 38 
and was installed in Cell E-9 where preparation. are 
being made to perform an ambient composite systems 
test with propulsion. 

ReducUon Report, No. 56-980-238. The Data Reduction 
Report for the flight of missile No. 4277 Is being 
reviewed prior to publication. 

4. CAPTIVE FLIGHT TESTING 

The captive flight test program at RADC was con
tinued during this quarter to gather performance and 
environmental data during in- l11ght operation of mis
sile and Girector aircraft systems. 

Three captive flights were conducted with airframe 
No. 61 and a DB-47 alrplane (see Figure 3) to isolate 
the cause of multiple heading markers and PPI sweep 
collapse previously encountered during capuve flights 
with missile No. 4277. Further ground tests and In
flight cheeks are under way to investigate this terminal 
guidance problem. 

Observations and data from capUve flights and hot 
firings have established that operation 01 the AGC 
circuit in the missile' 8 radar set is marginal. during 
terminal dive. To improve the AGe operation, a 
method is being evaluated for changing the AGC 
threshold voltage to 85% of iIB present value at a 
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systems. A final composite systems lest was then 
performed 10 Indicate satisfactory missile operation. 
Missile No. 79 was subsequently returned to the 
Wheatfield plant in preparation for shlpmenttoHADC. 

B. Flight: Teat: Program 

1. SYNOPSIS 

Forty-two Rascal missiles have been expended in 
the llIght test program at Holloman Air Development 
Center (HADe), New Mexico. Of these, 27 were 
launched from DB-50 airplanes, thereby completing the 
tinal testing of Model 56A, B, and 0 missiles. The 
remaining 15 XGAM-63 firings utilized the Model58F 
configuration and either the DB-36 or the DB-47 as 
director aircraft. 

During this quarter, two XGAM-63 missiles (Nos. 
4176 and 4277) were launched at HADC. The first, 
No. 4176, was released from a DB-36 director aircraft; 
missile NO. 4277 was launched from a DB-47. 

2. FLIGHT TEST PLANS 

Final flight test plans including the latest changes 
in the MX-776 program have been completed for 
XGAM-63's Nos. 79 and 80. 

3. FLIGHT TEST REpORTS 

Analysis 01 data from the final flight of GAM-83 
No. 41'76 has been issued in the Bell Aircraft Data 

\
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Figure 3. DB·.1 Taking Oil with Rascal Missile 
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predetermined .IUtude. In conJullcUon with this pro
gram, tIVO capti~e Illghts IVere conducted during this 
quarter. Results or these "flights indicate an improve
ment in the video contrast at lower altitudes with 
AGe switching; however, equipment maUunctions 
precluded the possibillty o[determ ining ..hether or not 
the improvement was sufficient to glve satisfactory 
video level at all altitudes. The tests will be continued 
during the next quarter. 

Following the !light tests conducted in the fuel 
spillage program during the last quarter J the Boeing 
Aifplane Company Installed an additional strip o[ 
guttefing on the DB-47 (USAF No. 51-5220) . The new 
gutter extends aft 96 inches from apolntdirecUy under 
the luel vent 01 the rlghthand (Iorward) main tank. 
Also, a new type of pylon seal was installed. 

To check the eHectiveness o{ these installations, 
a captive {light was conducted on 13 September 1956. 
A discarded water tank was mounted in the bomb bay 

or lhe DB-47 with tubing and electrical cordages in
stalled so that a dye IVater solution could be discharged 
[rom the fuel vent o[ the righthand forward main tank 
when the copilot initiated the action. The r ight side of 
the airplane, the pylon, and a section of the m~ssile 
were painted with white calcimine to assure a well
dellned dye pattern lor study. The dye water was 
spilled during a take- off run at a speed of approxi
mately 115 knots. This simulated luel spillage Irom 
the fuel vent o[ the forward main tank that might 
occur on an aborted take-off. 

An examination of the dye pattern following the 
flight indicated the erfecuvenes6 of the new gutter 
drain. There were no traces of the dye water on the 
forward edge o( the pylon, at the umbilical plug area, 
or In the capsule coollng duct. Although the new pylon 
seal appeared to o(!er an improvement over the original 
seal, there was evidence of leakage between the seal 
and the skin of the 08-47 . The dye pattern is shown in 
Figure 4; the COOling duct in the forward edge of the , I 

c 
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Figure 4. Dye Pattern on DB-47 aller Testing New Gulter Drain 
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pylon is partly obscured by the upper rudder oC the 
missile. 

5. MISSILE LAUNCHINGS 

a. 	XGAM-63 No. 4176 

Missile No. 4176 was transferred to HADe on 
11 June 1956. Following receiving inspecUon, the 
GAM-63 was prepared for a series of captive (lights . 
A total of four captives were conducted to verify 
satisfactory operation of the missile and director 
aircraft systems. 

At 0523 hours MST on 6 Augustl956, lollowing a 
preflight check out, XGAM-63 No. 4176 and DB- 36 
(USAF No. 51-5710) became airborne {or the launch 
mission (see Figure 5). Primary objective o! the flight 
test was to evaluate the YLR-67-BA-9 power plant 
under operational environmental conditions. 

Alter prelaunch checks in accordance withHADC 
procedure proved satis(actory operation of the weapon 
system, the DB-36 was vectored onto the firing line. 
The final prelaunch checks proceeded through the auto
matic countdown and the missile was released at 0709 
hours, 60.6 seconds after range coincidence. Launch 

altitude was 44,180 feet MSL (42,110 leet pressure 
altitude) at Mach 0.60. Distance Irom launch point to 
target was 66.15 nautical mUes. 

The missile separated cleanly [rom the pylon 
and the director aircraft began a procedural turn to 
the len. Just prior to completing this 1970 turn (at 
+77 .4 seconds), the automatic relay antenna system 
locked on to the radar return from the misSile. At 
+77.6 seconds, the S-meter reading began to rise and, 
frorn this point on, the relay link between the missile 
and director aircraft was firmly established. 

During its climb and c,ruise to terminal dive, 
the GAM-S3 reached a maximum altitude oC 59,420 
feel at 144.5 seconds and a maximumvelocityo( Mach 
2.66 at 137.5 seconds. 

The missile's search radar was activated by 
command from the guidance operator at+92.0 seconds; 
the flight was subsequently monitored by the operator 
until impact. When the slant- range cursor and the 
target became coincident on the radar scope in· the 
director aircraft (+195.1 seconds), the guidance oper
ator initiated a dive command as per night plan in
structions that overrode the programmed clive of the 
inertial range-computing system and the missile nosed 

f........ ... .4 0.. ,. _ _.'......._ .. 
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Figure 5. XGAM-63 Missile and DB-36 Director Aircralt 
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toward the target. This occurred 1.3 Beconds before 
the planned automatic dlve and 13 .2-l nauUcal miles 
Irom the target. The mlsslle responded quickly and 
properly to this dive command. 

All data Indicate that the primary purpose olthe 
milsion was luUilIed; the -9 power plant with the Bell
designed turbine pump operated satisfa.ctorily during 
all phases of the flight. Autopilot operation was nor
mal. Sma1~ oscillations in pitch, yaw, and roll were1 
damped out within 20 seconds after missile release', 
The L-band and S-band beacon systems functioned ., 
properly. 

, .1 

Operation of both tne nonemanatlng and the 
, emanating guIdance systems was saUsCaclory. In 

addition to the terminal dive command, the guidance 
operator initiated a series of pitch. and azimuth com

I 
mands to direct the GAM-53 through the target plane. 
MI.. distance at larget alUtude ollsel (10,000 leel 
MSL) was: 

Radial 605leet 

Range 370 leet over 

Azimuth 480 leet to the right 

The 16-channel and 4~channel telemetering sys
tems of th.e missile provided. satisfactory results with 
a few minor exceptions. EnvironmenW data were 
obtained successfully e:lcep~ for information from the 
two vibration accelerometers and one temperature 
pickup. Askania and photographiC coverage was 
adequate. 

! 
• 	 All adeQ.uate data on this flight have been reduced 

and studied. A flight test report, incorporating the 
results of complete analyses, is being compUed. 

.. k Shown in Table I1s the launch and performance 
data for missUe No. 4.176. The seCluenceof events for 

Release (Automallc Checkout - 0.2 
System) 

Release (Umbilical Plug) 0.1 

Release (Lanyar<l) 0.0 

Rocket Fire 1.9 

Full Thrust Attained 3.9 

Altitude Controller Connected 32.7 

Relay Link Lock-on 77.6 

Rada.r Set Commanded On 92.1 

Rocket Shutoll 137.5 

Dive Command (Guidance Operator) 195.1 

Dive Command (Range Computer) 196.4 

Arming Baroswitch Activation 238.9 

Switch to High PRF 245.9 

Fuzing Baroswitcn Activation 254.1 

Impact 261.0 

TABLE I 

LAUNCH AND PERFORMANCE DATA 

XGAM-63 NO. 4176 


Planned Actual 

Launch Data 

Pressure Altitude 
(Feet) 

42,500 42,110 

Mach Number 0.60 0.60 

Target Distance 
(N. Mi.) 

65.0.1.9 86.15 

Performance Data 

Max. Pressure 
Altitude (Feet) 

60,000 58,050 

Max. Mach Number 2.47 2.66 

b. XGAM- 63 No. 4277 

Rascal 	missile No. 42'17 was transferred to 
HADC on 9 July 1956. The ellectivelless 01 the MX
776 Reliability Program is rellecled in the lact that no 
discrepant items were noted during the recelvlng in
spection o( this GAM-53 . 

• . . . 
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Ithe !light Is as lollows: 
", 

Range Coincidence (Start 01 
ACS Countdown) 

Test to Normal (Range
Computing system) 

Turbine Fire 

Transfer from External to 
Internal power 

Enable (Angular Coincidence 
Circuit Armed) 

Gyro Uncag. 

12 

Time in Seconds 

- 60.6 

- 58.6 

- 30.8 

- 19.2 

- 0.6 

• 0.5 
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Four captlve flights were conducted with this 
missile and the DB-47 airplane (USAF No. 51-5219). 
Dillicuities experienced with operation of the terminal 
guidance control system led to the deCision to use the 
other DB-~7 airplane (USAF No. 51-5220) for the hot 
firing. Following a satisfactory pit check of the weapon 
system, preparations were made for the launch mis
sion. Take-oil occurred at 0559 hours MST on 11 
September 1956. During the climb to altitude and 
throughout the dry run, the weapon system was sub
jected to a preflight check in accordance with HADe 
procedures. When the cheek revealed that system 
operation was satisfactory, the DB-47 was vectored 
onto the firing line and a final prelaunch eountdown was 
begun. This resulted In the automatlc launch of the 
GAM-63 at 0749 hours. 

Operation of the weapon system was entirely 
satisfactory until 14.8 seconds afterumbilicalsepara
tion when the destruct system was inadvertently 
activated. A normal break up of the miSSile resulted 
immediately. Since this was an unwanted destruct and 
the reason for activation of the destruct circuit was 
not readily apparent, an investigating board was con
vened. The investigation board resolved the most 
probable cause of the destruct signal and the recom 
mended corrective action was subsequently accom
plished. 

A preliminary analysis o! power plant data indi
cates a satisfactory start and" normal performance of 
the rocket engine throughout the initialby-passphase. 
Following umbilical separation, transition to boost was 
accomplished as planned. Good engine performance 
was observed throughout the flight. 

In-flight operation of the servo control system 
was normal. The automatic checkout system (ACS) 
failed to pass function No. 11, servo 5.4-kc reference 
frequency oscillator voltage, just prior to launch. 
Telemetering records indicate 39.6 rms volts at this 
time (specification calls for 40 :2 volts). However, 
the ACS actually measures d-c vollage which is ob
tained from a rectuier in the missile. Since the 5.4
kc voltage is rectified before measurement, it is pos 
sible that a component failure occurred in the rectifier. 
Other possible causes for the failure of the ACS to 
checkout this function are: 

(1) 	 An unfavorable build-up of tolerance 
throughout the system . 

(2) 	 A poor umbilical plug contact. 

During the prelaunch countdown, illumination of 
the rudder "zero" lIghtlndlcated thatthe 5.4kc voltage 
was approximately normal. Therefore, the ACS was 
advanced manually to function No. 12 and operation 
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was satisfactory to achieve automatic release of the 
missile. Checks following the flight test failed to 
reveal the reason for function No. 11 being rejected by 
the ACS. 

Performance of the ter:ninal guidance control 
system was satisfactory throughout the prelaunch 
checks and until the missile was destructed. 

Although operation of the radio repeater set in 
the director aircraft was satisfactory, the relay re.. 
celver did not energize after the guidance "ON" switch 
was activated. The receiver came !)n when the equip 
ment was recycled. For the remainder of the flight , 
receiver operation was normal and the undesirable 
condition could not be made to recur during subsequent 
ground tests. 

Analysis of telemetered data indicates that op
eration of the radar set and. the radio repeater set in 
the missile was normal. Also, the inertial range
computing system functioned satisfactorily through the 
flight. 

The quality of telemetering records was gen
erally good. The only discrepancies noted were: 

(1) 	Oxidizer case pressure gage " was inopera
tive. 

(2) 	 Pressure reading was low for boost No.1 
thrust chamber. 

(3) 	 Calibration shift occurred in both the range 
and velocity signals. 

The pressure gages from the oxidizer case and the 
boost chamber are being investigated to determine the 
cause of malfunction. Reasons for the calibration 
shifts have not yet been determined. 

Director aircraft records were of good quality. 
All telemetering channels (including .witch pips) op
erated satisfactorily. It was not necessary to correct 
any calibrations for shifts. 

Aerial motion picture coverage of the preflight 
and launch phases was obtained from an F-94 chase 
airplane. Immediately after launch, the missile was 
lost by the camera and was not picked up again until 
arter destruction. A T- 33 chase airplane was unable 
to get close enough for desirable sUll-coverage of the 
!light. 

Six GSAP cameras were mounted on the director 
aircraft. Four of the six cam"ras operated a:..tisfac
torlly. Also, the term{nalilliciance cameraafunetioned 
adequately. 
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A aequence of event. for the final flight of mis
sile No. 4277 Is pre.ented In the following: 

Time in Seconds 

Range Coincidence (Turbine Arm) 

Test to Normal (Range-Computing System) 

Turbine Fire 

Transfer from External to Internal Power 

Enable (Angular Coincidence Circuit 
Armed) 

Angular Coincidence 

c. Reliability Program 

The reliability program encompasses all phases 
of weapon system development and manufacture, and 

I 
i extends from initial research and design phases 

through operational considerations for the use of the 
finished product. ConsequenUy, many of the specific 
reliability considerations and improvements realized 

,, 	 in this quarter appear under other appropriate sections 
of this report. This secUon ouUines some of the 
general programs of the reliabUity efiort and dis
cusses reliability activities and accomplishments that 
are not integral to specific areas of the weapon sys
tem covered separately in this publication. In addition, 
some .pecilic examples of reliability improvements 
are given. 

Detailed reliability information may be found 
In the MX-776 Quarterly ReliabUlty Report, BellAir
craft Report 56-989-111, for the period ending 31 Au
gust 1956. 

1. RELlABILITY CONTROL 

The progressive improvement of weapon system 
reliability requires close managerial control of all 
phases of the reliability effort. statistical evaluation 
o! discrepancies which occur during the testing of 
compOnents, systems, and weapon systems. together 
with the actions o{ Discrepancy Analysis Teams and 
special analysis groups, has enabled Bell Aircraft 
to pinpoint trouble areas and take corrective action. 

a. ReliabUity Control Charts 

Reliability Control Charts are compiled period
l~ally 10 8howlhe oblervedrellabUities of components, 
BubAy.tema, systema, and the entire weapon. Charts 
are hued upon mi••Ue {actory-test data and contain 

-92.7 

-90.8 

-67 .4 

-54.5 

- 1.35 

- 1.30 

Gyro Uncage - 1.24 

Release (Automatic Checkout System) - 0.2 

Release (Umbilical Plug) - 0.1 

Release (Lanyard) 0.0 

Rocket 	Firej Interference Appears on 
Command Receiver AGe Channel 1.8 

Full Thrust Attained 3.6 

Interference Ends on Command Receiver 
AGC Channel 7.2 

Destruct H.8 

observed reliabilities determined by failure rates 
during and subsequent to the first composite systems 
test of each missile. To obtain more significant 
reliability figures, data on three consecutive missiles 
are used and the up-to-date value of the charts is 
ensured by revisions twice each month. Charts are 
also compiled showing the observed reliabilities of 
director aircraft and missile components, based on 
field discrepancy data obtained at HADe. Reliability 
Control Charts for GAM's Nos. 77, 79, and 80, 
Including data through 30 August 1956, are pubUshed 
In the latest MX-776 Quarterly Reliability Report, 
No. 56-989-111. 

b. Discrepancy Indices 

Discrepancy indices provide another tool useful 
to management as a quantitative measure of trouble 
during .functional testing of components. All dis
crepancies encountered in this phase of testing are 
utilized in the calculation of these indices . Special 
analyses 01 the components having the lowest dis
crepancy indices are published so that necessary 
corrective action can be instituted. 

2. RELIABILITY ADVANCES 

The reliability control charts {or the factory-test 
phase are based upon a weapon system reliability 
goal of 70%. This is an increase from the previou,s 
interim goal o! 50%. A redistribution o{ individual 
component and system reliability goals Is also re
flected in the charta, based upon recent revisions 
to complexity scale factors of individual parts. 

The number o! lurtcllonal {allure. used toealeulate 
observed rellablllties has been decreasing at a 

• • • 1""1 
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slgnilicant rate during factory testing on the missiles. 

I In Ught of this, for the six weeks ending 30 September 
1958, the observed weapon system reliability hasI exceeded the new 70$ rellabUity goal. 

I I 
During the final fUghta of GAM's Nos. 75 and 76, I 	I the reUablliUes of all systems were observed to 

be 100$. /. I 
3. COMPONENT LIFE TEST PROGRAM. 

I 
 a. YLR-67 - BA-9 Rocket Engine 


Life testing on the YLR-67-BA-9 rocket engine 
has been completed and the final report Is being 

b. Unattended Search Radar Subsystem, Radar Set~ 	 I AN/DPS-3 (Less Servo Components) 

The lO~O-hour life test on the r e c e i V e r 
transmitter, modulator, and sync:hro.uzer, conducted I I 

I 
as a bench test under normal ambient conditions, 
has been completed and a detailed report is being 
written. The seven reliability-type discrepancies 
encountered during the test were parts failures. 
The resultant observed reliabll1Ues are well above 
the reliability goals for these three components.

[ The original 4.J52 magnetron survived the enUre 
test; the tube accumulated approximately 690 opera

I 
, ting houra. During the lOOO-hour test, only 11 

adjustments were made subsequent to the initial 
setup adjustments. 

I 
c. Relay and Command SUbsystems, Radio Set 

AN/nsW-l (Less Servo Components) 

Testing 1s continuing, with 876 hou.ra of the 
planned lOOO-hour test completed. 

I d. Fuzing System Components 

I 
The 900 testing cycles (approximately 450 hours) 

have been completed. Test data are being analyzed. 

e. Beacons and Destructor Assembly 

I Life testing began at Telerad, Flemlnglon, 
New Jersey, during August 1956, With 1000 hours 
planned. To date, the S-band beacon haa accumulated 

I 
184.7 hours and the L-band beacon 78.6 hours 01 
te.ting. 

t. Servo Amplifiers (Modified) 

I The pilot yaw, vertical gyro, erection, pitch 
pUot, and stable platform ampUUers have completed 
501 cycles (167 hours) of combined environmental 

I 
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testing. The pUot roll and relay antenna stablllzatlon 
OJtIpllfiers Will begin testing early In October 1956. 

g. Missile Simulator Group 

The lUe test on the missUe simulator group, 
an electronic assembly capable o( simulating the 
electrical circuits in the GAM, was completed. 

With the system being cycled every four min
utes, the 1000 hours of operation were equivalent to 
15,000 flights. No component failures were ex,per 
lenced. 

4. MISSILE LIFE TEST PROGRAM 

The l11e test program for XGAM- 63 No. 78 was 
established as part of the Rascal reliability program. 
Upon completion of manufacturing subsystem testing, 
GAM No. 78 entered the Missile Laboratory on 
25 May 1956. The follOwing missUe 8ubsystems 
were monitored throughout testing: 

(1) 	Emanating Guidance 

(2) 	Noneman.ting Guidance 

(3) 	Servo 

(4) 	 Telemeterlng (4-channel) 

(5) 	Range Beacon and Destructor 

(6) 	 FUZing 

Testing was divided into maln groups, with one 
reference test preceding each group in the follOwing 
order: 

(1) One reference composite systems test tocheck 
missile conformance with final. specifications 
prior to the start oC testing. 

(2) 	Phase A: Fifty composite system tests at 
ambient temperature (no vibration). 

(3) 	 One reference composite test to ensure that 
the missile was still within speCifications. 

(4) 	Phase AI: Nine composite tests while the 
missile was being subjected tOvibratoryaccel
erations considered to be the maxhnum level 
likely to be experienced In actual capUve and 
free flight. 

The discrepancies used to calculate observed 
teliabiliUes were parts fa1lures and certain neces.art 
adjustments resulUnglrom out-ol- specU(caUon condi 
tions in the eqUipment. 

IS 
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The initial reference composite test was com
pleted on 13 June and the last 0150 Phase A composites 
on 13 August. The missile was then sent to the /light 
hangar (or installation of the power plant . The engine 
was installed because the rocket engine ballast origi
nally planned was not available. 

Upon return to the Missile Laboratory, the second 
relerence composite was completed on 17 August and 
the last 01 the nln. phase Al VIbration composite 
tests was compteted On 30 August. 

Table II is a summary of the discrepancies and 
reliabilities observed during Ule testing in phase A. 

5. 	ENVIRONMENTAL DATA-COLLECTING 
PROGRAM 

The environmental instrumentation installed in 
GAM's Nos. 63, 64, 75, 76, and 77 has yielded valu 
able temperature and vibration data (rom ground 
tests, captive /lights, and Iree !lights. Datahave heen 
reduced and are being studied. 

, , Extensive data were obtained from the free flights 
of GAM's Nos. 63, 75, and 76. A preliminary review 
indicates that the Vibratory accelerations on the basic 
missile structures during free flight were les8 than 
th08e recorded on GAM's Nos. 19 and 20. Probably 

the largest single lactor contrlbuUng to these lower 
levels Is due to the revised flight plan which permit' 
the missile to pass through the transonic speed range 
In level llight. 

The temperature data recorded during the captive 
and Iree llights 01 these missiles did not exceed the 
temperatures specUled In the Bell Technical Data 
Reports , Nos. 56- 947-200, 56-947-210, and 66-989
019 . Therelore, It appears that these specUication 
temperature requirements are adequate. 

6. YLR- 67 -BA-9 ROCKET ENGINE VIBRATION 
TESTS 

A total of nine engines has been vibration-tested 
since the initiation of the vibration acceptance test 
program lor the YLR- 67-BA-9 rocket engine. The 
discrepancies which occurred during each test were 
recorded and classUied by type 01 lailure such as 
leaks, parts nbbing, parts damaged, and undesirable 
clearance. The results of the tests to date show that 
80% 01 the reported discrepancies were encountered 
during the testing of the first three engines. This 
large percentage may he attributed to either or both 
of the follOwing causes: 

(1) 	 More stringent input levels of vibration were 
imposed on the first three engines. 

TABLE II 


SUMMARY OF OBSERVED DISCREPANCIES AND RELIABILITIES 

DURING LIFE TESTING OF XGAM- 63 NO. 78 


(Phase A) 


I I 


'I 


:" j 

I 

·1 

SYSTEM AND 

SUB SYSTEMS 


G...M NO.7B 
I PROPUl.SION 
2 FLIGHT CONTROl. 

.... SERVO POWER SUPPLY 
B. PITCH 
C.YAW 
D.ROLL 
E.STABLE PLATFORM 

3 NONEMANATING GUIDANCE 
4 EMANATING GUID...NCE 

A ...... DAR SET 

B. RADIO SET 
5 AUXll.IARY 

• FUZING 

NUMBER OF RELIABILITY 
DISCREPANCIES 

33 
NA 

9 
7 
0 

I 
0 

23 
t7 
6 

0 

0 

OBSERVEO 

RELIABll.lTY 


79.05 

NA 


91. 78 

93.ZB 
100 
99.38 
99. 01 

100 
911.49 
86.57 

91.14 
94.99 

100 
tOO 

RELIABILITY GOAL 
(31 AUG 58) 

60.5 

86.5 

97.38 
96.116 
17.21 
97. 11 t 
17.04 

96 .0 
88.0 
93. 01 
14.114 
98 .0 
18.0 	 .\ 

teA-NOT APPLICA8LE FOR TESTING 
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I) (2) Certain Inadequacies In design have since been 
eliminated, 

( The combined eUort. 01 the Rocket DeSign Group, 
Quality Deparlment, and Reliability Control Group 
have resulted in design improvements and establish

I 
t I ment of more definite assembly procedures. Particu

larly with respect to t'le torquing, installing, and 
clamping of lines, more uniform assembly and in
spection procedures were established. Thls consider
ably reduced the number of discrepancies on the last 
six engines of the vibration acceptance test program. 

I The majt>rily of failures on the last six engines 

I 
were nonrepetltive and were attributed to human 
errors. A signUicant decrease in human-error 
failures has been obtained by providing better instruc
tions for engine assembly, by training personnel, and 
by enforcing inspection procedures stringently . 

ii", 7. RASCAL RELIABILITY EDUCATIONAL PROGRAM 
i 

The first portion of the Rascal Reliability Educa
tional Program was completed early in July 1956. 

D. GAM- 83 Missile 

t alrf'ran1_ 

A. SYNOPSIS 

[ 

[ The aerodynamic work on the GAM-63 has essen
tially been completed. The results of this work, con
sisting of both theoretical and experimental analyses, 
have been published in the following Bell Aircraft 

lIeport No. 56-981-021-46 
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Title 

Rascal Design proposal 

Basic Aerodynamic Characteristics 
01 Ihe XB-63 

A General Study 01 the Pedorm
ance Capabilities 01 the XB-63 

static Stability, Control, and Man
euverability 01 the XB-63 

Dynamie S labi! ity, Control, and 
Maneuverability of Ihe B-63 

Aerodynamie Heating and 'Thermal 
AnalySis of the XB-63 

ThiS consisted of 14. (orly-live-minute sessions, 
each of which included a. showing of the first Rascal 
Reliability educational fUm and talks bl' members 01 
management. Nearly 2600 employees of the Manu
lacturlng Division at the Niagara Falls and Wheatfield 
plants attended these sessions. 

An evaluation of the effectiveness of the program 
has shown that the movie and talks were informative, 
interesting, and served a useful purpose. The program 
seemed to stimulate production workers and point out 
the lmportant part each must play if the reliability 
program is to be a cont1nuin~ success. The increased 
interest taken by production workers in their jobs 
was vislbly noUced by supervision. 

The second educationaipresentatlon will be entirely 
on fUm and is currenUy being completed. Presenta
tion of this film to employees is scheduled (or 
early in October 1956. 

The GAM-63 miSSile has an over-a1l1ength 01 32 
leet, a maximum body diameter o( 4. feet and a gross 
weight of apvroximately 18,500 pounds. Structurally 
the airframe consists of five major sections: the 
radome, forward body, warhead section, center tank 
section, and aft body (see Figure 6). These divisions 
are based upon functional requirements as well as 
component accessibility and ease of shipment. The 
structural components of the Rascal missile are 
shown in Figure 7. 

The radome, a laminated ogive, encloses the un
attended search radar antenna and is attached to the 
!orward body by means of a splice ring. The forward 
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 
compartment is accessible by removing the lower 
door of the warhead section. 

The warhead ••eUon eon.i.l. of a lixed upper hall
shell which is a removable structural doo: to facilitate 

~ , .[

[ 

1" 
•.:.. 

reports: 

Report No. 

1)98-945-035 

56-978-003 

56-978-010 

56-978-011 

56-978-012 

56-978-013 
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Figure 6. Cut-Away View 01 Rascal Missile 
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Figure 7. structural Components o( Rascal Missile J 
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installation of the warhead. A small access door 18 

I provided at the top centerline of the upper shell for 
arming the warhead. 

The center body section is a rwg-stiffened cylin
drical shell of aluminum alioy with integral oxidizer [ 	 and fuel tanks compartmented to maintain center-of
gravity control. Nonstruclural tunnels running fore 
and aft On top and bottom olthe body enclose electrical

1. I cordages as 'lieU as propellant, nitrogen, and hydraulic 
lines. 

The aft body section includes the vertical and[ horizontal taU surfaces, equipment compartment, 
roeket engine, and aft cowling. The rocket engine is 
mounted on a truss attached to, and Bupported byJ,., the carry-through structure of the aft horizontal 

~ wing. 
I 

Launching provisions consist of two forged steel 
~ l fittings used to attach the GAM-63 to the director 

aircraft by 	 means of shackle-type hooks. One fittingU
! ", is located at the forward end of the warhead section, 

and the other is located in the center body between 
the propellant tank •. .I , , ~ 
B. STUDY PROGRAMS 

[j 1. GAM-63 Radome 

The investigation of rain-erosion protection of 
the Rascal radome is nearly complete. Studies thus u far have considered (1) protective coatings, (2) new 
radome materials. and (3) dispersion of rain drops 
by employing a nose-probe deflector. 

U Results of the investigation indicate that the 

D 
present radome coating used on Rascal. an air-drying 
neoprene base. possesses the greatest erosion re
sistance of nonmetallic materials. 

U 
Research programs are being conducted by 

Convair and by Cornell Aeronautical. Laboratories 
under other USAF contracts to evaluate radome 
materials and coatings for several speed ranges and 
simulated rainfalls. Bell Aircraft has recommended 
and discussed with the WSPO minor extensions to 
these programs sO that the test results will be ~ applicable to the GAM-53. 

Q 
RelatiVe to the use at a nose-probe for dis

perSion of raindrops, the investigation indicates 
that tests and further complementary analyses are 
required. 

r Results o{ the radome study are being compiled 
~ in a report which summarizes the apl'roaches to the 

problem, recommendations for addilional analysis 

and tests. and the conclUSion that the present GAM
63 radome coating 1s the most suitable material 
available. 

2. Low-Viscosity Hydraulic Fluid Investigation 

The program of evaluating XF 4270 sUicone 
hydrauliC fluid for use in the Rascal hydraulic sys
tem is scheduled to be completed in November 1956. 
Use of this low-viscosity hydraulic fluid may obviate 
the need for various provisions on the missile to 
maintain the oil heated during the prelaunch phase. 

Following the initial phases of the lubricity 
evaluation tests, examination of pump parts indicated 
no appreciable wear. The final phase of the study 
now under way comprises a series of long-duration 
pump runs (tests-to-failure) to determine the lubri
callly characteristics o{ the fluid. 

3. RedeSigned GAM-63 Destructor System 

At the request of the WSPO, a deSign study 
was conducted in an effort to eliminate the present 
prlmacord destruct charge and to provide a different 
means of separating the missile. 

A preliminary proposal for the redesigned 
destructor system was submitted to the WSPO for 
review in Auguat 1956. 

The new system involves (1) special bolts 
with explosive nuts for joining the aft body to the 
tank . section, (2) a guillotine for interrupting the 
28-volI, a- c power supply to the rocket engine, and 
(3) raising the energy level to approximately 6 amps 
for firing each ballistic component. Evaluation of 
aerodynamic and inerUalload. Indicate. that poeitlve 
separation will take place under all flight conditions. 
A final engineering proposal Is being prepared for 
submittal to the WSPO early in the next quarter. 

4. Simplification of the Electrical System 

Components of the GAM-63 electrical system 
are being studied to simplify circuitry and reduce 
their size. A new transformer-rectifier that is one
half the size and weight of the present unit has been 
tested successfully. Additional miniaturized com
ponents are on order and will be tested when de
livered. 

A permanent-magnet-type a-c generator is 
being considered for the GAM-63 electrical system. 
The abaence o{ commutator and brushes, and im
proved voltage regulation ~haracteri8tic., make this 
generator particularly suited for high-altitude opera

19Report No. 56-981-021-46 
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tlon. Evaluation tests will begin aIter the generator 
is received trom the vendor. 

Additional work includes an investigation to 
provide maximum wiring simplification of the main 
interconnecting box. Test results indicate that the 
use of ferromagnetic plastic tape as a magnetic shield 
(or Rascal wiring is not practical. 

C. SPECIFIC SYSTEM IMPROVEMENTS 

1. Dual Warhead CapabiUty 

At the request of the WSPO, the requirement 
of a dual warhead capability for the Rascal missile 
will be removed from the program. This dual capa
bility was to be eUective on missile No. 87 and 
subsequent. 

Design work for the dual warhead capability 
was completed during the second quarter of 1956. 
Major structural changes were accomplished On the 
warhead door and electrical installations were under 
way. Current work is aimed at removing the cap
ability, and, lrom a structural standpoint, this will 
be accomplished on missile No. 87 (the same air
frame on which the capability was to begin). Changes 
in the electrical installations, reverting back to the 
single warhead capability, will be completed on mis
site No. 90. 

2. Boattail and Alt Wing Redesign 

In a drort to decrease drag and increase per
formance, the aft boattail and alt wing of the missile 
are being redeSigned. The new boattail (shell and 
covering) extends aft of the fuel tank and is circular 
in cross-section. The redesigned alt wing features 
a 4% root section and a 2.7% tip section as compared 
with the 6% root and 4% tip of the present wing; the 
planform remains the same. 

Although design and analysis are essentially 
complete, additional work is contemplated to en8ure 
compatibility of the new designa. 

3. Fin-Fold Redesign 

The lower lin of the GAM-63 folds sideways 
103" from ils fully extended position to provide 
ground clearance when the missile is attached to the 
pylon of the DB-47. The lin is extended aIter take-ofl. 
The fin-raId redesign incorporates changes to in
crease rellabillty and to simplify the system. 

During this quarter, a Development Exhibit 
covering the redesigned lin-fold system was submitted 
to the ";SPO for ~pprov.l. 

~ 

D. FLUTTER ANALYSIS 

Studies comparing computed with test modes and 

frequencies of the all horizontal surface and the 

rudder have been completed. Reports are being 
prepared to summarize the results of these studies. 

Dynamic characteristics 0.( the Rascal airframe in 

the pitch and roll planes are being determined ex

perimentally by leeding an osctilating electrical Signal n 
into the demodulators of the autopilot and recording 
structural response from several points on the air
frame . Experimental results will be used to con
firm the zero airspeed-structural response of the n 
airframe that was calculated in the servo-nutter an
alyses. In addition, the structural as well as the servo 
characteristics vlill be used to investigate analytically 
the stabUity of the s ervo system both on the ground 
and during fUght. Since this program is providing 
experimental data concerning the servo- airframe 
system, the flutter analyses involving the servo sys
tem have been delayed untU the experimental data 
are evaluated. 

~ I 
As mentioned in previous Quarterly Progress 

Reports, the 1ree play of the control surfaces of a 
series of GAM-63's is being measured upon com
pletion of manufacturing and again just prior to :1 
1light testing. These measurements are being made 
to determine the free play resulting from ground
testing the missile and to determine indirectly the 
effects of known amounts of free play on the flutter 
stability of the GAM-63 during flight. Thus far, data 
are insufiicient to draw conclusions concerning the 
effects of ground-testing on free play. An examina
tion of data from the !light of miSSile No. 4176, 
the third GAM- 63 !Iown with known free play, gave 
no Indication of detrimental effects to the flight as 
a result or free play. Based upon measurements taken Iimmediatly prior to the flight, the control surfaces 
exhibited amounts of free play that generally exceeded 
the maximum set forth in Deviation Paragraph A- 17 
01 Specification 66-967-011. 

As recommended by the Dynamics Branch of WADC, 
a test was conducted to measure the deflections of the 
control surfaces of a missile (airframe No. 46) due 
to known applied loads . Objectives of this test were 
to obtain free play and elasticity of the controi sUr Ilaces and to check the procedures that are currently 
used to make free play measurements. The free play 
measured during the test compared well with that 
obtained using the current procedure. However, 
several methods 01 improving and simplifying the 
existing prOcedure are being studied. 
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A. SYNOPSIS 

The GAM-63 is powered by a liquid-propellant 
rocket power plant incorporating a turbine pump 
drive unit. The thru.t required to propel the mis
sile to supersonic speed is provided by three iden.. 
tical chambers that develop 12,000 pounds thrust at 
an altitude of 40.000 feet. The liquid propellants are 
pumped to the thrust chambers by a gas-driven tur.. 
bine pump which also furnishes auxiliary power to 
drive the hydraulic pump and alternator through 
suitable take-oU pads . The turbine pump, utilizing 
the same propellants as the rocket engine, may be 
operated independently of the thrust chambers by 
passing the pumped propellants back to the tanks; this 
furnishes the required electric and hydrauUc power 
during periods when thrust chamber operation is not 
required. 

The propellants, JP-4 iet fuel and white fuming 
nitric acid (WFNA) oxidizer, are contained in tanks 
that are integral parts of the airframe. The oxidizer 
tanks, fabricated from stainless steel for missiles 
Ihrough No. ~277, are fabricated from Type 6061 
aluminum alloy starting with missile No. 79. Type 
6061 aluminum alloy fuel tanks, having passed the 
vibration testing program, were installed in missiles 
Nos. 4176 and 4277. Incorporated in the aluminum 
fuel tank is also the conversion to a bladder-type ex
pulsion system. Whether or not the bladder-type ex
pulsion system will be used in the oxidizer tanks de
pends upon the outcome of an investigation to deter 
mine the compatibility of the bladder materials with 
inhibited white fuming nitric acid (IWFNA) . Tank 
pressurization and valve actuation is accomplished by 
use of nitrogen gas, under high pressure, slored in 
tube bundles conforming with the inner circumference 
of the missile. The oxidizer WFNA was used for the 
YLR-67-BA-l and - 5 engines and IWFNA for the 
YLR-67-BA-9 engines. The addition 01 hydrofluoric 
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 considerably 
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 
persoMel in the director aircrall was no longer a. 
factor ' thus, most of the safety system formerly used 
becam'e unnecessary except during ground firings. As 
a r~sult, the safety system was modified so that only 
turbine pump operation la monitored during the pre
launch period, up to the lime the rocket-tire .Ignal i. 
glven. 
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Missiles Nos. 4176 and 4277, employing Ihe YLR
67-BA-9 rocket engine, were flight-tesledatHoUornan 
Air Development Center during this quarter. Test 
records indicate satisfactory power plant perform
ance for missile No. 41'16 for the fuU-duration of the 
flight. Missile No. 4277 maintained _all.factory power 
plant operation until the time of destruct. The prl .. 
Dlary flight test objective of No. 4277 was to evaluate 
the -9 rocket engine with the Bell-designed turbine 
pump. 

B. SPECIFIC PRODUCT IMPROVEMENT 

1. Rocket Engines 

In the course of developing a rocket engine 
suitable for qualification tesUng and subsequent pro
duction, several engine designs were tested and ap:"" 
proved. The YLR- 67-BA-l and -5 designs, approved 
for use during the initial p .....e. of the GAM-63 flight 
test program, were used in missiles Nos. 0104 through 
3964. The YLR-67-BA-9 engine, superseding the 
former model. has completed the Preliminary Flight 
Rating Te.t (formerly called Fligbt Approval Test) 
and the test reports have been approved by the Air 
Force. The -9 engine is employed on all flight test 
missiles including those for the EAST program. 

During this quarter the W5PO approved the con
tinuation of the engine development program utilizing 
IRFNA as the oxidizer in place oflWFNA. An engine 
design, utilizing IRFNA and incorporating a dual fly
ball-governor speed control, bas been fabricated and 
given the designation YLR-67-BA-ll. Model speci
fications for this engine have been written and sub
mitted to the WSPO for approval, together with de
tails for a Preliminary Flight Rating Test program. 
The ..11 engine has essentially completed develop
ment tests similar to the Preliminary Flight Rating 
Tests required by the Air Force. The Preliminary 
Flight Rating Test Program for this engine and its 
components is scheduled for the next quarter. 

An advanced configuration oftheYLR-67-BA-U 
engine has been deSignated the LR-67-BA-llj model 
speCifications and details of qualification tests have 
been submitted to the WSPO for approval. Qualificil
tion testing of the -11 engine i8 scheduled for com
pletion during the fir.t hall of 1957. 

2. Thru.t Chamber Assembly 

a. Tubular Thrust Chamber Te.ting Program 

During this quarter, 14 thrust chambers tor 
YLR-67-BA-9 rock.t engines were satlsfactorily ac-
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ceptance -tested. One chamber, rejected because of 
low performance, was subsequently refired and the 
results indicate satisfactory performance. An in
vestigation of the discrepancy is under way. 

The occurrence or cast-aluminum tubular 

thrust chambers with small throat areas has in

creased conslderably. Quality checks are In progress 

to determine exactly where In the manufacturing pro
cess the throat shrinkage occurs. Because the match
ing of a thrust chamber of small throat area with a 
propellant pump of constant weight flow will cause the 
chamber pressure to rise up to 110% of rated pres

sure, a series of tests was initiated to investigate the 

durability or the thrust chamber under these condi

tions. So that these tests may closely simulate actual 

operating conditions, all between-run servicing con

forms with field test procedure, The first two thrust 

chambers failed after five l60- second runs owing to 

excess leakage of oxidizer through the coolant tubes. 

A metallurgical examinatton of the failed tubes of the UNCOATEO COATED 

first chamber has revealed no abnormalities. The 
second chamber Is being sectioned for examination, 
A third chamber Is being fired under the same condi

Figure 8. Comparison ot Erosion in Coated andtions to confirm these results. In addition, to estab
Uncoated Thrust Chambers lish a chamber pressure/ service life relationship, a 

fourlh chamber will be fired at low chamber pres
su res (450 psig). 

Casting of the two remaining copper brazed 
tube bundles which were chrome-nickel plated during 
the last quarter has been completed. It is anticipated 
that plating the tubes will Increas. the resistance to 
erosion by the hal gases and will help to prevent burn
outs caused by gas leakage between the tubes. 

b. Drilled Aluminum Thrust Chamber Testing .
' . : '.. . ..:.,:.'.:- : : ' : .:-. 

. : ' .. :-." ';: .. 

\ ~ ... , .. ' 

: :..' . ' ' .'. 
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Three drilled aluminum thrust chambers 
were fired during this quarter. Two chambers, used 
to evaluate experimental injector configurations, are 
discussed in Section B, 3, of this report. The third. 
chamber was utilized to evaluate a name-plated 
tungsten carbide coating obtained from the Flame 
Plating Division, Linde Air Products Company, Speed
way, Indiana. In all, 14 runs totaling 510 seconds 
were made prior to failure of the uncoated portion of 
the chamber. The coating was in excellent condition 
following the run series. The injector used for these 
tests had previously severely grooved several hard Figure 9. Micrograph or .Aluminum Thrust Chamber 
koted chambers (see Figures 8 and 9) . Because of Showing Hardkote Layer 
the promising potential of thiS coating, a drilled 
aluminum thrust chamber with the entire chamber binder in place of cobalt and may be even more suit
section coated with tungsten carbide is bein.g fabri able for thrust chamber applications . 
caled. Also, an additional chamber is being eoated 
with a neW type ot tungs ten tarbide recently developed Shown in Figure 8 art sections of two drilled 
by Linde. This coating containS a chrome-nickel aluminum thrust chambers fired with injector R397. 
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The chamber on the right had a 3-inch coating o( 
O,004-tick tungsten carbide at the Injector end. Pre
sented in Figure 9 is a photomlcrograph of the tung
sten carbide coating (ollowing. (ire test. 

c. Relractory Coatings 

Experiments with the equipment for spray
coating alumina and zirconia. by the Armour Process 
indicate that the equipment requires further develop
ment. Coatings applied were not adherent and were 
nonuniform. Discussion of the problems is planned 
with Continental Coatings Corporation, the licensor 
of the equipment. 

d. Redesign Thermal Relief Valve 

Development work has been completed on a 
redesigned thermal relief valve for the hydrazine 
packs. The new valve differs from the previous de 
sign in that it does not require propellant valve 
actua.tion pressure for sequencing and is contained 
integrally within the hydrazine pack. This simplifies 
missile phtmblng and eliminates a gas pocket in the 
actuation circuit which was difficult to bleed. The 
redesigned unit is basically a low-pressure relief 
valve in series with a normally open pressure- se ... 
quenced (requiring diffefential pressure to close) 
valve. Thus, during stand-by conditions, a relief 
valve is available which is power-closed before the 
fuel pressure rises to rated value within the hydl'a
zine pack. This valve is undergoing engine tests. 
Previous bence tests indicate satisfactory valve per
formance at temperature extremes. 

e. Redesign Fuel Injector Valve 

Service- life testing of the redesigned fuel 
injector valve on a thrust chamber has been com
pleted, Arter 58 runs, le:lkage past the valve seat 
(teflon) was reported. Other than leakage, valve per
formance was satisfactory and duplicates all opera
Hng characteristics of the "0" ring seat valve. Upon 
disassembly of the redesigned valve, the seat appeared 
damaged and chipped; this was apparently due to the 
presence of foreign maUer on the seat at the time the 
valve closed. The unit is undergoing engine teats. 
Approximately 81 hot firings have been conducted on 
this type of valve. 

3. Injectors 

Fifteen production injectors for '75 L* thrust 
chamber assemblies were tested and accepted during 
this quarter. To date, 230 injectors of this configura
tion have been completed. In addition, six teat units 
of the sallie conflguraUon were tested and lound to be 
acceptable for a.sembly on test engInes. 
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NO additional fuel dorne cracks have been noted 
during durability .tudies of the .tainle•••teel 7~ L· 
injectors. Monitoring of runs will continue for study 
purposes. 

Experimental testing during this quarter was 
primarily directed toward endurance testing of drilled 
aluminum thrust chambers. The RM injector, which 
previously operated for nearly twice the required 
duration on the drilled aluminum chamber, was tested 
to obtain data on "0" ring joint leakage. In the dura
tion series, the thrust chamber had been dissembled 
for examination and evaluation after a maximum of 
10ur concurrent runs. Some "0" ring burning was 
noted a1ter tbese runs. This burning and/or leakage 
of the "0" ring is due to the slight thermal distortion 
of the injector On extended duration tests. The injec
tor distortion is greatest on new injectors and a per
manent "set" takes place after a number of runs. Be 
cause of this distortion, it was deSirable to replace 
the "0" ring seal after each run, particularly on new 
equipment. Since the permanance of the lhrustcham
ber assembly is questionable, studies are being made 
to determine a. more permanent type of seal; however, 
tests have not yet been made. 

Owing to the distortion problem when using a 
steel injector, and because of the desirability of an 
all-welded unit, aluminum injectors of the RM config
uration have been test-fired in the drilled chambers. 
An aluminum injector (R-524) of the RM configura
tion, but having doublet oxidizer orifices replacing 
the "fuzzed" holes of the RM injector, was reported 
in the previous quarter to have completed twelve 
195-second runs in a drilled. aluminum chamber. This 
injector was modified to incorporate slightly different 
exit conditions on the impinging doublets to eliminate 
face erosion. Although the modUications were effec
tive in eliminating erosion in the immediate vicinity 
of the orifices, it was not considered that the general 
erosion was effected, and that further modifications 
were needed. 

The second "doublet" injector (R-553, which is 
the same as R..S24) was welded into a drilled alumi
num chamber and test firings were made using 
IRFNA and JP..4 as propellants. This assembly was 
tested during eleven 195-second runs without damage 
to the thrust chamber; however, the injector erosion 
was substantially greater than with the R-524 and 
eventually l'esulted in a drop-oU in performance of 
approximately 3.5%. This difference in injector 
erosion has not yet been fully explained. 

Tbe third doublet-type injector was changed to 
incorporate a modified propellant distribution across 
,the injector face. In addition, an Alumilite Hardkote 
surface was incorporated on the flee or the injector. 
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Four full-duration runs were made on this Injector 
in a drilled aluminum chamber without erosion on the 
injector face, These runs were made using IRFNA 
and JP-4 as propellants. A slight erosion of the 
thrust chamber resulted, but well within the tolerance 
limits for full-duration requirements. Performance 
o( this thrust chamber was approximately 4920 n/sec 
characteristic veloclty and a specific impulse of 221 
seconds at the start of the run. Some drop-of! in 
performance was noted throughout the funs. Additional 
tests will be made on this unU. 

A standard 15 L· stainless steel Injector (R
397) was tested. in a tungsten carbide coated chamber. 
An excellent correlation of the effects of the flame 
plating was noted because only the upper portion of 
the chamber was plated. Typical grooving o( the 
chamber occurred below the flame plating and the 
upper portion of the chamber was untouched. Owing 
to the promising e({ects of thIs coating, two aluminum 
injector blanks will be coated to test the eifect on the 
injector face. DrUling samples have been made and 
the coating can be penetrated .with excellent results 
with the Elax electrical discharge machine. 

A stainless steel showerhead injector was also 
tested; however, because of the high face tempera
tures involved, an injector chamber seal was not 
maintained and no regenerative data were taken. Two 
modiUed aluminum showerhead injectors were com
pleted and will be tested early in the next quarter. 

4. Rocket Engine Flushing Procedures 

Considerable effort has been directed townd 
finding a Uquld (other than water) that is compatible 
with fuming nUric acid and is capable of dissolvlng 
the corrosion salts of the acid and metals. Since it is 
essential to remove the water, a~ well as the cor
rosion crystals, from the system to prevent possible 
maUuncUon at -33°F, additional testa were made to 
substantiate the "tri-liquid flush" system (water/ 
alcohol/methylene chloride). For these tests, the 
most critical components in the gas generator were 
used, with corrosion salts being formed intentionally 
in these components. Alter using the tri-liquid flush 
system to remove the corrosion salts, the gas gen
erator assembly W:1S fired successfully at ..33 OF. Ex
amination of propella.ntvalvesandpressure regulators 
after other flushing tests confirmed the complete re
moval of all corrosion salts and all traceaof the three 
nushlng liquid •• 

5. Turbine Pump Assembly 

a. Turbtne Pumps 

Three additional turbine pump assemblies 
from the production assembly line were succe8s(uUy 
acceptance-tested durIng this quarter. 
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The assembly of the IIrst qUalillcatton-test 
turbine pump using the dual-now fly-ball governor 
speed control system has been started. Two turbine 
pump drive assemblies for the !light rating dual-now 
fly-ball governor pump are 95% complete. 

b. Hypergolic Gas Generator 

DurIng the testing and acceptance of four gas 
generator packages, inconsistencies in the calibration 
levels of the liquid regulator outlet pressures, maxi
tn~m cruise and boost manifold pressures, and power 
control valve operattng position became apparent. 
Changes have been proposed to lower these regulator 
outlet pressures and maximum manifold pressures so 
as to allow the power control valve to take a more 
open operating position. Such changes will facilitate 
the acceptance of gas generator pack.ages, turbine 
pump packages, and engine assemblies. 

During the development testing of the gover
nor-controlled gas generator package, it was deter
mined that the gas generator would not run at a steady 
state total mixture ratio of 0.66, with IRFNA con
taining 3% water, at _33°F environmental tempera
ture and 200 psia chamber pressure. This gas gen
erator was designed to have a nominal 23% of the 
total fuel go through the primuy injector. Several 
modifications were made to meet the prerequiSites of 
reliable, stable performance in the YLR-67-BA-ll 
engi.ne system. 

The minimum operating chamber pressure 
has been establtshed at not less than 225 pail.. Theo
retical considerations and development testing have 
revealed that this value is sufiielently lower than 
minimum power reqUirements to allow an adequate 
control range. The governors are to be adjusted to 
remain open below a lninimum now corresponding to 
225 psia chamber pressure. The minimum steady 
state total mixture ratio is being considered as 0.68 
or higher. Development testing has indicated that the 
mixture raUo control range required for a governor 
1s small enough to permit using this value as the 
minimum. 

The gas generator wae redesigned to have a 
nominal 18% of the tolal fuel go through the primuy 
injector. This was a maior chal1ge to maintain the 
primary tn1xture ratio nearer stOichiometric mixture 
r:..tio while generating gas at the same original tem
perature. It has been established that the flameout 
total mixture ratio for a lean primary mixture ratio 
gas generator I~ lower than that tor a rich prlmuy 
mixture ratio gas generator. Table I at Quarterly 
Progress Report No. 4.~ shoW's tha.t a lean primary 
mixture ratio gas generator will run on acid con
taining more water than will a rich primary mbtlure 
ratio ,as generator. 
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A series of tests was made to determine the 

effect of watered IWFNA on gas generator flameouts. 
Results o( tltese tests are summarized in Table m 
and Uluslrated in Figure 10. These runs fill in the 
gaps in earlier data obtained for the use limits pro 
gram, described in Bell Aircraft Technical Data Re 
port 56-982-041, "Interim Report on IWFNA Use 
Limits Investigation (or tlte YLR- 67 -BA-9 Rocket 
Engine." This report recommends a use limit for 
water content as 80% of thatpercentage of water which 
just produces instability Or flameout in a production 
gas generator at a mixture raUo of 0,66 and a tem
perature o( _33°F. The tentative acid use limit, based 
on a conservative interpretation of these test results, 
was recommended as: 

N02 - 2% maximum 

H~ - 2.8% maximum 

Total Solids - 0.1%, or no visible solid suspended. 
matter or sludge, whichever is lower 

HN03 - ba.lance 

From Figure 10, it canbe seen tbatthe toler
able water content for the modified gas generator at 
mixture ratio 0.66 is 4.3, and BO% orthls value is 3.4. 
If the modified gas generator tested during this sub
sequent program becomes a standard item, the use 
limits for water can be raised from 2.B to 3.5% by 
weight, provided that furthe r tests bear out the validity 
of results obtained with gas generator Serial No. 
HGP-8L 

Work authorization has been obtained ex
tending this program to include conditions not investi 
gated during the period covered by the Interim Report. 

Tests have also been authorized for pre .. 
paring a use limits specification on IRFNA for the 
YLR-61 - SA- U engine. 
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Figure 10. Limit of Steady State Operation 

at _33°F with Gas Generator HGP- Bl 


According to plans mentioned in Quarterly 
Progress Report No. 44, an investigation was con
ducted to compare the carbon formation character
istics of a gas generator with a lean primary mixture 
ratio and a gas generator with rich primary mixture 
ratio. This investigation was to be completed from 
one common batch of fuel; however, two batches were 
used. Table IV compares the percenbge of nozzle 
area clogging aner 250 seconds in maximum boost 
phase for the two generator configurations at various 
comparable total mixture ratios. These values are 
averages of five individual tests per point. The table 
shows, for all practical purposes. that the percentage 
of clogging was approximately the same for each 
generator configuration. 

The fuel flow sequencing valve was elimin
ated from the governor-controlled gas generator 
package. A modification to the gas generator was nec
essary to incorporate this change. The change was 
effected because (1) the -BOB sequence valve would 
not stay open at the low chamber pressures en
countered with the governor control system, (2) the 

TABLE III 


STEADY STATE LIMITS FOR A MODIFIED GAS GENERATOR 


Watered IWFNA Spec. Acid 

3.2 - 3.5 3.8 - 4.2 4.67WI. %Water 1.7 - 1.9 

%Fuel Flow !I Thru Primary 19.0 18.9 15.3 20.8 

Propellant MiXture Ratio Mixture Ratio Mixture Ratio Mixture Ratio 
Temperatures Steady Transient Steady Transient steady TrllnBlent Steady TranSient 

0,65S-35°F 0.541 0.599 0.613 0.679 0.737 
0.620 
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TABLE IV 

CARBON FORMATION TESTS 

%a! Total F'Uel Ave. Total %Nozzle Area 
Going Through Mixture Ratio Clogging Mter 250 sec 
Primal'Y Injector in Max. Boost Phase 

17.4 

17.4 
17.4 

* 22.9 

23.0 

.. 22.9 

0.588 2.92 

0.699 12.12 

0.781 11.96 

0.591 1.22 

0.716 11.24 

0.785 12.80 
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previous -602 sequence valve had a high malfunction 
probability, and (3) the integral sequence valve gas 
generator reacted sluggishly at low temperatures. 
Development testing revealed that satisfactory starts 
could be realized with no sequence valve. A typical 
start transient trace of gas generator chamber pres
sure, when no sequence valve is used, is shown in 
Figure 11. This chamber pressure is snubbed before 
it reaches the chamber pressure switch so that the 
initial pressure surge will not actuate the switch. 
A safety analysis of this system is under way. A 
large number of ambient and cold starts are being 
made to demonstrate reliability. 

-
/ ._ r-oo.u ...lUullC 

~'UI\I" i' CIoAkfC- ",u -. 
,// Sll)! 'uuw_c s.nC>l 

Figure 11. Gas Generator Start Transition (Typical 
Pc Trace Without Sequence Valve) 

There have been no failures of gas generator 
propellant regulators as a result of galling or scoring 
on the diaphragm plate stem since the heavy chrome 
plated stems were installed in the regulators. 

The single yoke gas generator propellant 
valve 1s undetgoing t(!sts on engines. The only re
por ted di!iicUlty with this valve to date is splittlng of 
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• Runs made lrom second batch of fuel. 

the lip seals. An investigation is under way to eUml
na.te split seals while retaining the advantages (ease 
of assembly and reduction of "cold now" diUiculUes) 
of this new seal configuration. 

A reseat pressure of 200 psig for the inte
gral sequence valve of the gas generator satisfies 
normal power requirements of the governor enginej 
however, during the start phase, chamber pressure 
dropped to a low value of 160 psig. A redesigned 
valve, offering lower reseat pressure while retaining 
the same opening pressure, was tested successfully 
at room temperature but exhibited sluggish opening 
characteristics at cold temperatures . This sluggish 
condition was apparently due to added friction of "0" 
rings (which are necessary in this design) at cold tem
peratures. 

Subsequent to this, further development of 
the gas generator permitted successful starts Without 
the use of a sequence valve. Additional development 
of sequence valves is being continued on a low
priority basis to provide a valve fully compatible 
with governor engine requirements. A throttling
type valve is currently being investigated . 

C.DUAL-FLOW FLY-BALL GOVERNOR CONTROL 

Eighty-seven runs, utilizing IRFNA were made on 
the turbine pump assemblies Nos. GP-6T J GP-7T J 

and GP-8T using the dual- llow (fuel and oxidizer 
Inetering) ny-ball governor speed control system to 
check perCormance and operation. Thirty-four of 
these runs were made at - 35 °F. The test results 
are discussed briefly iii. the following paragraphs. 
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One unit was assigned to a program of simulated The initial Ume-interval setting in the sequence 
qualification test requirements including ambIent, control unit Wilson Timer has been increased from 
high and low temperature duration runs. This unit 0.20 ~g:g~ to 0.25 :8:88 second. nls change was 
malfunctioned at approximately one second on the necessary in the redesigned gas gent:rator system to 
first two attempted cold-temperature runs. Examina permit adequate start transient time to prevent a
tion of data indicated an improper gas generatol' mix malfunction owing to the marginal time available for ture ratio. The mixture ratio was corrected, and two the gas generator chamber pressure switch to besuccessful runs were accomplished at _3S oF. The actuated.
simulated qualification test program was then com
pleted with no other difficulties. The first two sequence control units have success

fully passed informal qualification tests at high and 
A stability test program was initiated to investi low temperatures and under vibration. 

gate performance and operation of the dual-flow 
governor pump at low temperature. The following 6. Propellant Tanks 
are note-worthy points relative to this program: 

. An aluminum oxidizer tank passed qualification
(1) 	 An orifice was installed in the line to the over teshng and fabrication is being concentrated on this 

speed pressure switch to prevent malfunc design. The fuel tank previously passed qualification 
tioning at low temperatures. The switch was testing. 
set at a higher pressure setting, but this has 
not yet been determined a permanent require Tests have been performed to determine the 
ment. effects on engine operation if the gas separator is 

removed. Test results are being analyzed and a report 
(2) 	 A Scheavitz position indicator was installed on is being prepared. At entrained gas now rates which 

the dual-flow governor to record the governor adversely affect engine operation, the separator re

movement during the transition of start. from duces the gas content of the liquid by 20%. 

bypass to boost phase and vice versa. 


The first GAM-63 utilizing a fuel bladder tank 
(3) 	 Repeated tests proved that the governor re has been flight-tested . The tank functioned satisfac

quired a setting for a minimum flow, equiva torily after being loaded for 12-1/2 days prior to the 
lent to a gas generator chamber pressure of flight test. 
225 pSia, in order to maintain combustion and 
prevent flame-outs oC the gas generator. Orders were placed for three full- Size Goodyear 

oxidizer expulsion bladders. The material for these 
(4) 	 Runs made during this cold-temperature sta bladders has withstood a soak and flexing test on a 

bility investigation have 20% oflhefueldirected small-size bladder at 100'F for approximately two 
to the primary portion of the gas generator and weeks. Tests have been conducted on samples of the 
the remaining 80% to the secondary portion of nlaterial for reSistance to acid at various tempera
the gas generator. tures, as well as for flexibility at low temperature. 

The reSistance of the material to acid at elevated 
(5) 	 To establish a minimum gas generator mixture temperature is limited, but it has the best all-around 

ratio, a ratio of 0.66 was arbitrarily selected. characteristics of any material tested thus far . 
Several cold runs were unsuccessful with this 
mixture ratio and this indicated that 0.66 istoo 7. Propellant Quality Control Program 
low. Additional runs are planned with a higher 
mixture ratio. In the Quality Control Program during this quar

ter, 325 samples of IWFNA were analyzed. An ad... 
(6) 	 An orillced line was installed bypassing the ditional 310 samples from AF Plant No. 38 were 

oxidizer side of the dual-flow governor. This analyzed for H20 and N02 content. 
bypass line was routed from the oxidizer start 
tank to the oxidizer discharge side of the dual Attempts to incorporate the use of a nitric acid 
flow governor. Its purpose w .. to supplement analyzer into the program have been unsuccessful. 
the oxidi~er supply during the start transient Data on which the foregOing statement is based were 
to eliminate flame-outs when running at cold shown to personnel from the WSPO and the following 
teD'iperatures with a gas genetator mixture two decisions were reached. A series of samples of 
ratio of 0.66. Cold. runs madQ in this config known composition will be prepared and used to con.. 
uration. 'W~re inconclusive. struct calibration curves for IWFNA , and a similar 
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series or samples will be prepared and analyzed to 
obtain callbration curves lor IRFNA. The latter are 
needed because ol the changeover from IWFNA to 
IRFNA. In this regard , dlUiculties in obtaining a 
satisfactory method for N02 content analysis are an
tiCipated. 

The thoriuDl nitrate procedure used at BeU 
Aircraft was evaluated by the WSPO and was found 
acceptable lor use at HADC. Personnel at HADe can 
use this procedure Or the more lengthy one called out 
in the USAF specification for fuming nUric acid . The 
latter, by mutual agreement, is accepted as the 
"referee Dlethod." 

Two additional tes ls on a propulsion system 
USing a YLR- 67-BA- 9 engine were conducted at AF 
Plant No. 38 to obtain further information on propel
lant stability and performance characteristics under 
desert storage conditions. During part of the first of 
these tests, the propulsion system was subjected to a 
temperature of 120°F for 12-hour pertods. Duringthe 
28 days comprising the test, acid samples were taken 
periodically from the shotgun and various parts of the 
engine. The test was only partly successful because a 
pressure build-up occurred and led to venting of the 
oxidizer tank and acid spillage. Analyses of the acid 
samples show~ that the acid met use limits through
out the test. If some acid is bled before collecting a 
sample for analYSiS, comparable results will be ob
tained for acid taken from the shotgun and the inlet 
line to boost No. 2 thrust chamber. Because of the 
-convenience of taking samples from the latter position, 
this is r ecommended as a standard procedure . The 
actual cbanges in composition during test were: 

%N02 %HF %Fe 

2 July 1956 0.3 0.0001 

0.00011 August 1956 1.3 

Such results point up th.e efficiency of the corrosion 
inhibitor and the relative stability 01 the acid. 

Test conditions were more severe in the second 
test. The oxidizer tank was vented and the pack was 
exposed to 120'F lor approximately 14 01 the 28 days. 
Result. o( this test will be included in the next Quar
terly Progress Report. Preliminary data indicate that 
a slight, tolerable loss of HF occurred during heating. 
W:ater content remained within use limits but N02 
content exceeded the limit 01 2.0% by reaching a value 
o( 2.2%. These resultsarelorsamples taken Irom the 
inlet line to boost No. 2 thrust chamber. Comparison 
with results from samples taken via the tank dratns 
Indic'ltes that considerably more decomposition took 
place tn the line thiln in the tank. As antiCipated, the 
acid In the t1nk met U9~ limits in ~ll respecls. 

.~ 1 


C. STUDY PROGRAMS 

1. ExpulSion Bladders 

The third test- stze Goodyear oxidizer bladder, 
approximately 15 inches long and 8 inches indiameter, 
01 two-ply R2162-50 material with an outer coating of 
polyethylene-polyisobutylene, was tested in lRFNA at 
100°F. After flexing at intervals for 19 days, the 
bladder developed two leaks at the seams. Except 
for seam leaks, condition of the bladder was satisfac 
tory. Since the small..design bladders could not be 
made with lap- type seams, taped butt joInt seams were 
used for the sake of expediency. Tbelap- type seams. 
as would be incorporated in a full-Size bladder, will 
probably overcome the seam leak problem. After a 
discussion on deslgn and fabrication with Goodyear, 
three full- size oxidizer test bladders were orderedj 
delivery is scheduled for early in the next quarter. 

Two test-size oxidizer bladders made of im
proved Teflon film (Minnesota Mining & Mfg. Co.) 
ilre On order. Flex tests in IRFNA are planned. 

Samples of alternate oxidizer bladder material, 
Kel-F elastomer on Teflon cloth, were received from 
Goodyear Tire & Rubber and from Chemical Rubber 
Products. Preliminary tests in IRFNA at lOO °Findi 
cate Goodyear material, No. 2162-'11, is the most 
suitable or the samples submitted by this vendor. l 
Although this bladder material (ailed in a cone pull
through test at -65°F, additional samples were re
quested for test at. _65°F, additional samples were 
requested for test at _33°F. Samples received irom 
Chemical Rubber Products are in test . 

2. 	 DetonabiUty ot Fuming Nitric Acid and Hydro

carbon Vapor Mixtures Diluted with Nitrogen 


The detonation velocity and limits oi detonabil 
ity 01 WFNA/n-heptane vapor mixtures with up to 0.6 
mole fnction of nitrogen were determined in the 1.5
inch-diameter, to..foot-long reaction tube described 
in Quarterly Progress Reports Nos. 41 and 44. The 
re!lction tube was modified to permit introduction of a 
metered amount of nitrogen. Detonation waves from 
equimolar mixtures of oxygen and acetylene were used 
to ignite the propellant/nitrogen mixtures. 

The are ti c a I detonaUon velocities of these 
WFNA/n-heptane/nitrogen mixtures were calculated 
from thermochemical data and the Chapman- JOIIguet 
theory relating detonation parameters. Comparisons 
between the theoretical velocities and the experimental 
velocities are presented graphically in Figures 12and 
13. Figure 12presents adetonabilityenvelope, bounded 
by the theoretical WFNA/n-heptane and the WFNA/n
heptane/O.6 mole fraction nitrogen CUrves. The shaded 
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t.O 3..0 4.0 5.0 6.0 1.0 8.0 1.0 
MIXTURE RATIO, r; Wo/W f

I 41!!J REGION OF STABLE DETONATIONS AS MOLE FRACTION 
NITROGEN IN THE WFNA/N-HEPTANE VAPOR MI.TUR~ 
ES WAS CHANGED FROM CaQ.O TO 0.6 , 

I === REGION OF DETONATIONS, BUT FOR WHICH NO STABLE=== VALUE Of VELOCITY WAS OBTAINED IN THE REACT
ION TUaE USED FOR THESE EXPfRIMfNTS. 

• THE POINTS REPRESENT THE EXPERIMENTAL LIMITS 
OF STAaLE DETOHATION AT VARIOUS t.lUCTURE RATtOS 
AND MOLE FRACTIONS Of NITROGEN•. j , I 

Figure 12. Detonability Region For WFNA/n -
HePtane/ Nitrogen Va.poc Mixtures 

I 
I areas at the lean and rich miXture ratio limits rep

I 
resent a region where detonations occurred but did not 
reach a stable velocity value in the length of the re
action tube used. No detonations were observed out
side o( this shaded region. 
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On disassembllng the shock tube apparatus after 

a series of runs with WFNA and toluene, a reSidue was 

found in the inlet to the tube, Chemical analyses 

showed the reSidue to be p-nitrobenzoic acid contami

nated with a small amountoC a second material tho'ighl 

to be p-nitrobenzyl alcohol. 


In an attempt to throw more ltght on this subject, 
WFNA and toluene vapors were passed through the 
tube at a mixture ratio oC 4.0 and condensed. Pre 
liminary work on the condensate has been done, but not 
enough to lead to any definite conclusions. 

Fabrication oC the new reactlon tube, which will 
include a 22-inch x l i S-inch axial slit, is progressing. 
The propellant evaporators, flow meters, Clow control 
s.vstem.s, and the heaters for this new tube have been 
built up in a new test area, where a greater sarely 
margin for personnel canbeprovidedduringthehigher 
initial pressure work planned. The new tube will be 
used to study the transition zone between deflagration 
and detonation in WFNA/ hydrocarbon mixtures at 
initial pressures of up to 5 atmospheres. For this 
purpose, a Warricle strip camerawillbe used initially 
to photograph the slit. 

Until the new tube is completed, the original re
action tube, which has been modified, will be used to 
study the detonation velocity and detonation limits of 
WFNA/hydrocarbon mixtures at initial pressure below 
atmospheric. I 

A paper I "The Detonability or Certain Rocket 
Propellants," which covered the initial stages of this I 
work, was presented at the Sixth Symposium (Inter
national) on Combustion held at Yale Universlty on 19 
through 24 A~gust 1956. I 
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3. Acid Storage 

During this quarter, each of the six drums of 
.cid pul In slorage bas Qeen analyzed. These drums 
represent various types of fumtng nitric acid in use/or 
being considered for use. One drum of WFNA from 
October 1955 was accidentally discarded. Theoriginal 
and flnal analyses afe: 

Two drpms 01 RFNA, type IlIA, have been dis 
carded because external corrosion to drum bungs made 
openings which permitt~d water to enter the drums 
and vitiate the tests. AdrumofRFNA, type III, shows 
signs of water and sludge buildup. Unless drastic 
changes occur, it will be kept in storageunil Novem
ber 1956. Another drum 01 RFNA, type IlIA, which 
originally contained an excess amount (19.21%) of 
N02, has undergone moderate changes and will also 
be kept in storage until November 1956. storage of 
these four drums began in November 1954. 

A drum o( RFNA, type In, modified with BF3 
(0.4%), also put in storage in November 195., showed 
little change in composition to November 1955. Again, 
external corrosion caused leakage and a sample taken 
in August 1956 showed an abnormal water content 
(12.8%). The test was therelore terminated. 

The latter drum will be replaced with one of 
type m acid modified with ammonium hexafluophos
phale. This compound added in sufficient a quantity 
to give a fluoride content of 0.3% shows excellent 
promise as a corrosion inhibitor. 

3 ."Idane••yet.rn 

A. SYNOPSIS 

During the early stages of theRascal guidance prog
gram, research and developmenteCforls were directed. 
toward a radar-relay and command guidance scheme 
for directing air- to-surface missiles to a target. In 
essence, this development ..vas concerned with a radar 
scanning system housed in the nose of the missile by 
means o[ which a radar picture of the area ahead 01 the 
missile is relayed viaa microwave link to the launching 
aircralt. On the basis oC this video information, com
mands from the launching aircraft could be sent to the 
missile 10 direct it to the target. (The name RASCAL 
"'as coined (rom the (irst letters of the words RAdar 
SCAnning LInk.) 

At IIrst, two B-11 aircra(t were utilized in guidance 
develt)pment, one sh'nulaUng the launching aircrait and 
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Approximately 75 pound, o( hydrated alumInum 
nitrate have been re~overed from a badly corroded 
acid drum. The salt is avaUable for (uture use limit 
testing. 

4. Air Pressurization 

Test cell space was not available during this 
quarter for further gas generator tests substituting 
air instead oC nit rosen for pres8urization and purge 
purposes . 

5. Burner Studies. 

A study of fuming nitric acid and hydrocarbon 
flames was initiated to determine flame speeds and 
sooting qualities simulating gas generator mixture 
ratios. A brief propane/air flame study program was 
carried out first to develop a photographic technique. 
The burning velocities at varlous propane/air ratlos, 
calculated by the over~all area method, compared 
favorably with results reportedby other investigators. 

The apparatus required for the fuming nitric 
aCid/hydrocarbon flame studies was fabricated and an 
acid flow rate calibration was made. The improved 
acid evaporator permits delivery of acid vapors having 
a 90 to 95% HN03 conlent to Ihe burner. Direct and 
Schlieren photographs 01 aCid/hydrocarbon names will 
be made during the next quarter. 

the other the mIssile . Laler, dala Irom tests of this 
lirsl experimenlal radar- relay and command llnk led 
to an irnproved guidance system which was installed in 
a 8-17 and an F-80 aircraft to simulate more closely 
the guidance performance o( a director aircraft and 
missile in flight. 

Guidace for the Rascal Weapon System comprises 
an inertial range computer (IRe), an autopilot, and a 
radar..relay command link. Components of the COM

mand link are located both in the missile and in the 
director aircraft. BaSically, the system operates as 
follows: The DB-47 director aircraft carrying Ihe 
GAM-63 is navIgated 10 Ihe launch area by means of its 
modified bombing- navigation (MA-8) system "'blch 
employs a long-tange search/Irackingradarandcom
puters. Immediately priOr to la.unch, initial condition 
data as computed by the MA-B system (i.e., director 
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aircraft velocity and heading, and changes in range~to
target) are (ed into the missile . Alter launch, the 
missiles IRe measures ground-range-to-target by 
double integration of a signal from a pitch-stabilized 
accelerometer. At a predetermined range from the 
target, the IRe initiates a signal which overrides the 
autopilot and places the missile in a preset terminal 
dive. By contToUing the fligbtpathin 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 or 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 guidance system . This 
radar scans a 150 0 sector ahead Of the missile, and 
radar video is relayed to the director aircraft. Here, 
the radar 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 
missile. Should the guidance operator desire to ob
serve the progress of the missile prior to terminal 
dive, a. command can be transmitted to energize the 
search radar or the GAM-S3. The operator can also 
control the initiation of the terminal dive. 

Report No. 56-981-0Z1-46 
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A B-17 aircraft and a laboratory terminal guidance 
control station are being utilized to evaluate guidance 
improvements before incorporating them into the 
missUe or the director aircraft. (The Rascal portion 
of the director aircraft guidance is referred to as the 
~/APW- 17 guidance system.) Also, missile guidance 
equipment Is installed in an F - 89 airplane to permit 
flight testing at altitudes and speeds simulating those 
of the GAM-63. This work is discussed insmore detail 
in Section n, E, SUpport Aircra.!t. 

B. EMANATING GUIDANCE 

The progress reported here is {or the missile 
equipment portion of the emanating guidance system. 
The status of development on direetor aircraftguidanee 
(AN/APW-17) system 1s r eported in Sectlon U, E, 
Support Aircraft. 

1. General 

In the radar set and radio set, several cases 
involving subnormal performance of semi-conductor 
crystals and of small blower motOrs have been noted. 
The contributing factors are being studied in delail. 
Blower motors in stock are being returned to the 
vendor for rework of the bearings. 
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2. Hadar Set 

Improvements in automatic gain control have 
c"oh'od and are being evaluated In thE captive llIght 
I('st program at Holloman Air Development Center. 

" In addition, the practicability 01 providing a manual 
control oC radar receiver gain (or the guidance operI' 
ator is being investigated. 

3. Low-Power AnUjam Radar Set 

To provide a m"agnetron turung rate oC 300 mel 
sec/sec, four model tuning motor and gear train as
semblies have been built and are being evaluated. 
Performance has been generally satisfactory, but the 
type of motor may be changed to reduce the electrical 

. i noise generated . 

Tests are in progress on a modified search radar 
anten!)a which provides a minimum band ' width oC 
300 me. 

An Improved low-power load isolator has been 
obtained and tested in the low-polller antijam system 
with satisfactory results . 

4. HIgh- Power Antijam Radar Set 

Castings for the receiver- transmitter unit have 
been machined and impregnated, and a large percentage 
or the detailed parts have been installed. When this 
assembly work is complete, the unit will be evaluated 
in connection with a modulator. Additional sample 
tunable magnetrons have been ordered from Sylvania 
and are expected to be delivered soon. 

Vibration tests on the 2022.1 cps crystal proved 
unsatisfactory. The vendor is designing new crystals 
which will offer no resonant points below 500mc/sec. 

Since the single-section pulse-forming network 
was not successful, a three- section network and as 
sociated magnetron pulse transfer were designed and 
tested. These tests proved satisfactory and this design 
will be used in future units. 

A receiver with low noise level has been designed 
and fabricated. Although testing of the unit is still in 
progr ess, a decrease of 3 to 5 db in the noise figure 15 
indicated. 

5. Radio Set 

As a result or efforts to locate apower-transmit
ting tube capable or improving the performance and 
reli.bUlty 01 lhe A1016 rel.y magnelron, detailed 
investigations are under way on the applicabilityofthe 
QK553 carc1notron . This backward-wa.ve tube has been 
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developed by Raytheon primarily lor airborne ECM 

appl1callon. Investigations have indicated that the 

QK553 Is satlslaclory lor Raseal relay application, 

even though there are certain features of the Rascal 

reqUirements for which definitive QK553 test data are 

not yet available. Discussions are being held with 

Raytheon to set up a short-range tube wpplication study 
program lor delermining the applicability 01 the QK553 
tube to Rascal requirements. 

During this quarter, RCA representatives con
ducted a tube-usage study on the AI016 magnetron at 
several Bell Aircraft test areas. A report is being 
prepared on the results of this study. n 
C. NONEMANATING GUIDANCE :1 

1. Inertial Range-Computing (IRC) System 

The IRC system measures range in a horizontal 
plane in the direction of the longitudinal axis of the 
missile. Directional control is maintained by the auto
pilot keeping the missile aligned to a gyro reference 
heading. 

An accelerometer 1s orientated on the stable 
platform so that it senses accelerations along the 
longitudJnal axis of the missile. The output is double
integrated and compared with the initial range-to-go 
value, thus giving an instantaneous range- to-govalue. 
This output signal is compared With a preset VOltage 
corresponding to the desired dive initiationpointin the 
dive angle computer. Upon coinCidence, a. dive angle 
command is given to the pitch autopilot and a signal 
is sent to turn on the search radar 1n the nose of the 
missile. ·1 

Accurate information on range-to-go and vel 
ocity from the director aircraft navigation system is 
transmitted to the IRe system prior to launch. With 
this information, the platform is leveled and the nec
essary Initial conditions are inserted into the system. 

Evaluation tests are being conducted on the IRe 
components under extreme environmental conditions. 
Results of these tests indicate changes which can in
creilse system reliablUty. Improved components are 
being Incorporated in the present design. 

Preliminary work is continuing on the combined 
repackaging of the three computers to be used in the 
IRe system. This redesign will provide improved, 
assembly teChniques, ease of testing and maintenance, 
and operational reUability under extreme environ
mental conditions. 
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It 
2. Multiaxis Guidance System and the progress achieved will be reported quarlerly 

in • separate document (see Bel! Aircrall Report 
Work on the multlaxis guidance system has been 56 -981-022-1, "'nertial Navigation System," da.ted 

discontinued under the Rascal contract. This e(fortis 30 Oclober 1956). 1 
now being conducted under Conlracl AF 33(600) -33242 ;iD 	 I 

I 
In 4 control .Jf.t.."" 
I 

A. SYNOPSIS 	 tems are programmed and receive guidance commands II.l 	 which direct the missile to the Iarget. 
Following early design studies that included ex The antenna stabilization systems perform three Iperience gained from the Shrike missUe program, functions: (1) maintain the search antenna horizontallaboratory development of the autopilot system for about the pitch axis with respect to the earth's horizon 11 the missUe portion of the GAM-63 Weapon System was (since the search antenna is fixed to the roll-stabilized Ip.1t on a full - scale baSis in January 1951. In Septem airframe, a separate antenna roll servo is not re ,,

0 ber o! 1952, the first GAM-53 missile was delivered quired); (2) maintain the rotating search antenna at a
to HADe for llight testing. constant angular velocity in space; and (3) orienl the 

relay antenna in pitch so that its major lobe i~ aimedThe autopilot systems for the first GAM-63 1s were toward the director aircraft. 

0 similar to that used in the Model 59 Shrike missiles. 

DeSign of the autopilot for subsequent GAM-63's, 
 B. FLIGHT CONTROL SYSTEM
however, showed a significant increase in complexity 

when such capabilities as acceleration limiting, guid


0 	
The environmental re-evaluation program on the 

ance loop tie-in, antenna stabilization, and altitude Rascal flight control system and the inertial range
control were added. These features were included in computing system is continUing. 
the basic Model B and 0 configurations (missiles 11 
through 35). 	 The Model F cOnfiguraUon of sub

0 
 To date, 1112 environmental tests have been con
sequent miSSiles is further modified to accommodate ducted on production models of electroniC and hy
the inertial range-computing system designed to meet draulic components . "Of the 5'1 units undergoing tests,
the requirements of the weapon system. 

n 
21 units have successfully completed three cycles, 
13 units have completed 2 cycles, and 11 units have

With the development o( this basic autopHotsystem, completed one cycle. The remaining units are in
major emphasis has been shifted to the simplification various stages of test. 

u 
of products and to the improvement of reliability and 
design characteristics. This program is proceeding Development evaluation tests have been completed 
satisfactorily. Concurrently with autopllot develop on three o( the new directional gyros manufactured by 

0 
ment, a series of terminal guidance control studies the Kearfolt CorporaUon. While these units are Similar 
was conducted and this contributed signllicanUy to the to the Kearfott production model T-2306 previously 
over-all design of the aulopilot system. evaluated, they incorporate design improvements 

within the gyro, primarily in the caging mechanism. 
The two main servo systems oltheGAM-63 are the This new gyro has since been reidentified by the vendor 

servopilot and the antenna stabilization systems. as model T-2308- 4A-A. Aproduction order was placed 
These systems utilize electronic amplifiers, an azi with Kearfott to supply this gyro per Bell AircraftIf] muth computer, potentiometers, hydraulic valves, Drawing 62-536-493 and Specification 56-947-507. The 
actuators, a single-axis stabilized platform, and inability of the vendor to meet a delivery schedule has 
associated hydraulic plumbing and electrical wiring. subsequently delayed incorporating the new gyro in the 
The power supply is common to both systems. missile program. As presenily planned, the unit will I, ! be installed in No. 95 and subsequent. 

The servopilot stabilizes the GAM-63 missile about 
its three axes: longitudinal (roll), laleral (pitch), and Further evaluation tesls on a neW Kearfotl verUcal I I ! I 	 vertical (yaw). The roll system maintains the lateral gyro indicated that the unit was not acceptable for use 

: I 	 axis of the missile horizontal throughoul its f1ighl. In Ihe Rascal program. InvesUgations are continuing 
During portion. of the li\ght, the pitch and yaw sys- in an eUort to locate a mOre suitable vertical gyro. 

L 33Reporl No. 56-981- 021- 46 
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Missile No. 46 Is being utilized ill the Servo Lab
oratory to invesUgate various mechanical coupling 
eUects between the airframe and suchpicko(f elements 
as gyros and accelerometers. Also, this missile is 
being used to investigate such general problems as 
microphonic tube eliects and electrical coupling. 

Design improvements to eliminate resolution ef
fects in the pitch control system and to provide a stable 
platform assembly capable of withstanding more 
severe vibrational environments were incorpOrated in 
missile No. 86 and sUbsequent. 

An extensive program was conducted during this 
Quarter in which production drawings and specUica
tions for the night control and inertial range -com
puting systems were brought up to date according to 

S E C R E T ~I 

• • • • • • • • • • • • • • • . . 
The two-phase program lor ImproVIng the rell 


abllily 01 the Rascal IIIght control system Is con

Unulng. Phase I of this program encompasses an 

Immediate repackaging 01 six amplifiers In the sys

tem and a redesign of the power supply. Phase II, 
known as Flight Control System Rede81gn and Re 
packaging, involves those portions of the aystem in 

which the moat signUicant reliability improvement 

could be realized. 


]
In the Phase I effort, samples of design and work.


manship On the part of Federal. Telecommunication 

Laboratories (FTL) were displayed to Bell Aircraft 

personnel in July 1956 to exemplUy progress made to ]

date. Three units of the first set of prototype ampli

fiers have been recei.ved from the subcontractor and 

have been checked out functionally in missile No. 46. 

The pitch amplUler in both an assembled and a dis ]

assembled view Is shown In Figure 14. Delivery of 

., 

contractual requirements 
do<umen .. to the WSPO. 
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Figure l4. Repackaged Pitch AmplUier 
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the remaining three prototype units, plus an additional returned to the vendor have been reworked and are now 
three units from the second set o( prototypes, Is acceptable. 
expected In October 1956. Test eqUipment has been D. HYDRAULICSplrchased by FTL to perform the repetitive reliability 
tests called lOt" in the specifications. This equipment 

The search for a more reliable lO-micronfUter forIs being acceptance-tested prior to initiating the 
the hydrauliC system is continuing. Evaluation testsreliability teat program during the next quarter . 
are belog performed on several purchased filters. A 

The status of technical work on the Phase n effort bubble pressure test has been used to determine the 
Is discussed in the following paragraphs. presence of large openings between the porous mater

ials and the end caps of the filter elements . In this 
Laboratory work hac, ~Jen completed on the pitch test, aIr pressure is appUed internally to the fUter 

and yaw systems and a development report is being element whUe submerged In hydraulic fluid to deter
prepared. mine the pressure at whic.h the firat bubble appears 

from the element. This 1s also an ideal method of 
As 3 result of a deSign review, the development controlling maximum particle size and will improve 

report on the redesigned roll system isbelngclarified the degree of filtration when eqttipment and test pro
and expanded. cedures are available in the production testfacilities. 

Concurrently with the immediateprogram to ensure
Hot and cold tests have been completed aatis[ac reliable cylindrical accumulators (see MX-7'16 Quar

torily on the stable platform mechanical assembly. terly Progress Report 56-981-021-45), another ap
However, durIng vibration testin" difiiculties were proach has been taken to procure or develop an accum
encountered with high transmissibility to the motor ulator which will operate at ambient temperablres as 
shaft and accelerometerj this problem is being investi  low as _6S oF without the use of external heating. 
gated. Testing is continuing on the stabUization Evaluation tests are being conducted on sample ac 
amplifier breadboard and the development report is cumulators from Bendix, Greer, Sprague, Weather
being prepared. head, and Redco. In addition, various nonstandara seal 

and gland designs are being te.ted in an effort to 
Drawings for the relay antenna pitchcontroUer are replace the familiar O-ring. . 

98% released for test and the development report is 
The present configuration of the hydraulic systembeing prepared. A prototype mechanical assembly has 

employs a standard AN8203-1 spherical diaphragmbeen completed except for electrical wiring and an 
type accumulator (purchased from Vickers, Inc.) as aelectromagnetic clutch which 15 used to start the dive 


altitude programming. Problems have been encount
 return-line surge chamber In the forward section of 
ered in the design of the clutch. Various plastics and the missile. Although no service failures have been 

experienced with the accumulator to date, component metals were evaluated for consIstency of cnefficient 
qualification and evaluation testing per MlL-A-5498B, of friction and wearing ability. This Investigation is 
as well as hydraulic system testing, has resulted incontinuing on combinations of metals since plastics 
numerous malfunctions. These failures usually rewere unsatisfactory because of poor temperature 
sulted in the 10s8 of gas charge internally. Examina..characteristics or low coefficients of friction. 
tion of defective parts revealed that the diaphragm 
W08 fractured at the neck of the sealing bulb. TheThe first engineering model of the power supply for 
exact cause for this failure has not yet been estabthe control BYstem was completed during this Quarter 
lished and cannot be isolated to cold temperatureand preliminary evaluation tests were started. Draw
operation. Fatigue tests on a two-Inch section of alnga for the power supply are approximately 80\1', 
diaphragm that had failed alter 2000 hydraulicallycomplete and detail parts have been ordered for four 
actuated cycles In a surge chamber began showing engIneerIng prototypes. 
indications of failure only after completion of an 
additional 200.000 cycle • . C. SERVO VALVES 

Laboratory tests performed on the hydraulic .ystem 
Evaluation testing is continuing on the four basiC mock-up, incorporating a 50-cubic-inch cylindrical 

types of double-nozzle, dry-first-stage servo valves aCCUMUlator with heated end caps in place of the 
for ihe Phase II eUor!. Th. spin-drive valve was AN6203-1 spherical accumulator, were favorable. 
subjected to system operation at room temperature and Under identical conditions, the pressure peaks exper
satisfactory r ••ults were obtained. Inspection tests ienced in the return line of the hydraullc Bystem were 
are being performed on the other three type. of SerVo within 100 psi {or the two types of lurge chalnbera. 
valves used In' tne pilch, tne roll and yaw, and-the This replacement is being considered for inc9rj)ora
antenna stabilization systems. The units that were 1Jon In the missile program. 

lIeport No. 56-981-021-46 
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e warhead and ~uzln. ayatern 

A. SYNOPSIS 

The armament system of the GAM-53 mustundergo 
extensive testing to achieve weapon status. SuUicient 
lest planning 1s included in the over-all development 
program to ensure proper functioning and to obtain 
ultimately a high degree of accuracy and reliabil1ty for 
the warhead and its fuzing system. At the direction of 
WADe, work on secondary warheads was discontinued 
some months ago. Armament system speciUcaUon, 
No. 56-947 ..377 I was released after references to 
secondary warheads were deleted. 

B. WARHEAD 

The GAM-53 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 (see Figure 15). The lower part of the 
airframe at this location serves as a structural door 
for warhead installaUon. Another door, approlltimately 
14 inches square, at the top centerline of the airframe, 
provides access {or arming the wuhead. The warhead 
compartment is essentially cylindrical, with a maxi
mum diameter of 44 inches and an over-au length of 
75 Inches. 

, 

,. ARtIIING 

I. 

i 
.., 

.. 

r 

A demonstration of loading a simulated warhead into 

a Meelel 56F (prototype operational airframe) mlssUe 
was held late In 1954 at Bell Aircraft's Wheatfield 
facility. No major difficulties were encountered. The 
warhead cleared the missile structure and equipment 
installations satisfactorily. This demonstration was 
witnessed by per 8 0 nne I of both the Air Force i1 
Special Weapons Center and the Sandia CorpoaUoD. 

Euly in 1955, it was determined during tests at 
Holloman AIr Development Center that no electrical 
or eiectronic interference exista between the warhead 
and ita instrumentation, and the other systems of the 
missile, 11 

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

The design for dual warhead capability has been 
completed. However, at the request of the WSPO, the 
capability will be deleted. The warhead compartment 
mock-up was mod.i1'ied and shipped to Sandia during the 
previOUS quarter for a formal mock-up review, and 
the fuzing system was redesigned to make it com
patible with both the primary and the alternate war
heads. Work 115 under way to remove the dual cap- I 

: I 


WARHEAD LOADING 
DOOR 

. < Figure 15. Configuration o[ GAM 63 Warhead Compartment 
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ability elfectlve on No. 87 and subsequent missiles 
(see Section n, D, 1, GAM-63 Aldrame).I I 
C. FUZING 

The fuzing system arms and detonates the warhead. 
Detonation is triggered by a firing baro8witch that can 
be preset for operation at the selected pressure alti

\,' I 
" tude. Remote selection o{ a pressure altitude setting 

I for the fire baro8wltch may be made {rom the director 
aircraft during the prelaunch phase. Detonation can 
also be made to occur on impact. 

I A requirement was established for a fUZing system 

.. 
to be operational with the alternate warhead. At con
ferences with Sandia and Special Weapons Center 

i l personnel, the necessary technical and background in) formation was made avallable. Preliminary mock-up 
and testing of the fuzing system was then initiated 
with available components. This preliminary review !;! 

I indicated that the proposed circuitry and component 
selection was acceptable. The new switch uses the 

I 
it existing type lanyard switch, an MC-384 arm -sale 

switch, an MC-394 fuzing baroswitch, and an MC-213 
arm baroswitch. The control power supply is derhedj ; from MC-271 batteries. The arming control panel is 

I i a T-249 type. Impact crystals with higher levels o{ 
voltage output are also provided. 

I A separation timer was not proposed in the system 
becaLtse such a unit is incompatible With a free-fall 
type of operation. Monitoring indications of system

I adequacy are not available, buUailure monitoring may 
be accomplished by a red light displayed on the T-249 
panel. The red light indicates malfunctions of the 

• I 
I 8 Inet,.urnent.tlon ayet.m 

I 
A. SYNOPSIS 

Four groups of telemetering systems are used in 
XGAM-63 missiles. GroupI was used in Model 56N and 

I 56D XGAM-63' s and in eighlof the Model56F missiles. 
Group II systems were used in the early Model 56F 
missiles, and Group ill systems are being used In all 
the remaining missiles. Group IV are installed in a 

I llmited number of RltD Model 56F mlsslles to sup
plement the Group 1I or GtOUP III systems. 

1. GrOUp I System

I The GtOUP I system has been used to transmit 
both qualitative and quantit.alive dala on vital compo-

I Report No. 56-981-021- 46 
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arm/safe switch, high-VOltage battery actuation, and 
high-voltage SWitch actuation , 

Work is continuing on the evaluation of baros witches 
from an alt~rnate . vendor. This vendor has produced 
Switches that are adequate except for occaSional 
freeze-up of the setting motors at low temperatures 
and high relative humidities. This trouble is similar 
to that encountered with the MC-5 fuzing baroswitch. 

The MC-394 fuzing baroswltches order~d for eval ... 
uation have been received and testing 16 scheduled to 
begin in the next quarter. It will be necessary to 
design a vibration isolation m9unt which is compatible 
with both the fuzing baroswitch and the missile before 
the mount can be designated for use in an EAST 
missile. 

Further determination of lags in the senSing sy.'5tem 
at various Mach numbers has been accomplished. 
Excessive lag was detected In the instrumentation 
position of the sensing system. This must be corrected 
before reliable data can be obtained relative to fUZing 
baroswitch closure altitude. 

The fuzing data gathered {rom the lIight o{ XGAM
63 No. 4075 represents the fifth set o{ applicable 
MC-5 pressure- sensing data obtained to date. Since 
Askania position data have not yet been received, an 
analysis of the fuzing system of this missile has not 
been performed. Additional data will be reQ.uired on 
future flights to prove both the magnitude and trends 
of pressure-sensing error with Mach number and 
altitude. 

nents and systems. The number of continuous tele
metering channels has been 'Varied from six to eight
een. By com mutating as many as four 0( these chan
nels, data transmission of up to 94 functions has been 
obtained. Telemetering instrumentation for Group I 
on early XGAM-63' S includes accelerometers, angle
cl.-attack and sideslip vanes, various pressu.re piCkups, 
rate gyros, position potentiometers. andnumerouB a-c 
and d-c voltage-measuring units. In addition, special 
flights with Group I telemetering Inst"rumentation in
cluded vibraUon piCkups, flowmeters fOl' measuring 
hydraulic flOW, strain gages for measuring control 
aurface hinge moments, and oscillographic recorders 
for obtaining structural data on control surfaces and 
.Irframe. special provision. have alao been made {or 
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r recording impact data obtained. from fuzing acceler  on selected locations throughout the missiles. Detailed 
ometers. 	 analyses of the two flights are discussed in Section n, 

B, Flight Teating.I 
!J 	 :I

2. Group n System 

I 

I ~ 
~ i e. TELEMETERING DESIGN AND DEVELOPMENT 

Group n telemetering systems use four subcar
I 
I rier channels, three continuous andafourthcommuta 1. Group I and n Telemetering Systems ['j 

ted to provide 27 subchanneis . Automatic decDm
mutation 1s incorporated whenever ground-gating Is All Group I and 11 telemetering syatems bave 
available. In this system, accurate pressure-altitude been expended in the llight test program at Holloman 
data are transmitted on a continuOU8 channel. In Air Development Center. II 
general, moat end lnstruments supply only qualltatlve I 
elata. 2. Group m Telemeterlng Systems I 

I 
3. Group III System 	 Instrumentation has been rearranged in missiles n 

equipped with Group m systems tofacllitate gathering J 
The GrouplU telemetering system is electrically power plant informaUon. Theun1tsforth1ssyatem are I 

similar to the Group n system in thatfour subcarriers being fabricated with increased component lead lengths !I I 
similar to the Group n system in thatfour 8ubcarrier as initiated during the last quarter. Speclficationslor I 

I 

channels are used, three of which are continuous and these systems were revised to incorporate outstanding 
one eommutated. Automatic decommutaUon is incor amendments and deviations. Theae revisiona should 
porated when ground· gating is available. This system, clarify all requirements. nunlike the Group n system which Is battery-operated, 
Is powered by .400-cycle rectifier-type power supply. Drawings for the entire Group nt System were 
A thyratron assembly is included to provide qualitative changed; it is now mandatory to use Bell Aircraft 
data from impact accelerometers . specifications for the procurement of all component J 

parts. This is a major step in an attempt to buUd 
4 . Group IV System 	 reliability into each unlt by controlling parts received 

from outside sources. 

Group IV telemeter!ng systems are reworked 
 JI 

Group I systems which provide a dual r-f system with 3. Group IV Telemeter1ng Systems 
18 Or 19 subcarrier oscillator (SeO) (hannels. This 
system has been added to provide additional environ The major effort during this quarter has been JImental, power plant, and reliability data on some of directed toward the completion of drawings!or the last 
the R«.D Model 56F missiles. Provision. are made units of the Group IV systems. These systems utilize 
for telemeterlng two information commutators, two Raymond Rosen 8ubcarrier OSCillators which have low
temperature commutators, and two vibration com level distortion characteristics. All units with an :1mutators. Wherever used, the Group IV system 1s in assigned effectivity have been fabrlcated, tested, and 
addition to a Group 11 or m systems. inetalled in missiles 79 through 83. One spare set has 

alao been fabricated and tested successfully. 
B. OPERATIONAL RESULTS ~ 

Design and draWings are complelelorthevibra
Two XGAM-63'. were fired during this quarter. tion equipment (with a response of 2000 cycles) scbed

Environmental data were lelemetered on theae flights uled (or use in GAM's 98 and 102. Fabrication, testing, 
during all phase. including director take-off and and installation Is planned for the next quarter. Test .1 
climb, and. missUe launch. These data comprlae instructions and detailed channel assignments have 
vibration, acceleration, and temperature information 	 already been completed ane! are being released. 

.1 

J 
J 
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Figure 16. Rascal Missile AtI. ched to DB- 47 Director Aircraft 

E. SUPPOrt: Alrcraf"t 

1. SYNOPSIS 

The director aircraft that form an integral part of 
the Rascal Weapon System are converted B- 47 stra
tegic bombardment airplanes, redesignated asDB- 47. 
Their primary mission Is to carry the GAM..83 missile 
to an area within 90 l1:lutical miles of a target , to launch 
the missile at a particular altitude and heading, and to 
provide guidance control of the missile alter launch. 

In tbe Rascal R&Dflighttest program , three types of 
carriers are being utilized. The JB- 50D airplanes are 
used to ferry GAM-63 missiles and related equipment 
from the Wheatfield plant to various testinstallaUons. 
The JDB- 36H and DB-47E director aircraft are used 
for flight testing GAM- 63 missile., 

Also, one JB- 17G, one JF- BOB, and one JF- 89C a re 
assigned to the MX-776 programforR&Dflighttesting 
or components of the missile and directoraircraft guid
ance systems. 

Repor t No. 56-981~021·46 
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In addition to modified MA-5 or - 8 navigation gear, 
the director aircraft are equlppedwithanAN/ APW-17 
radar course-directing central. This equipment is 
used for navigating the director to a predetermIned 
launch area, for preparing the missile prior to launch, 
for launching the missile, and for correcting the flight 
path of the mis sile during its mtdcourse phase and 
terminal dive to the target. 

2, DIRECTOR AIRCRAFT 

a , DB-47 Operational Directors 

Detailed Installation data for theDB- 47 have been 
issued In Bell Aircraft Report 110-947-005, "Installa 
tion Requirements , DB-47 Director Aircraft ." The 
GAM-63 when loaded on the DB-47 is aUached 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 16). 

Late in 1954, the DB-47E (USAF No, 51-5219) 
airplane and a sinlulated GAM- 63 missile were trans 
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{erred to Edwards AFB for extensive fIlght lesting by 
the USAF, The launching mechanism on this DB-47 
was tested by dropping the simulated mlssUe; motion 
picture coverage indicated satisfactory operation. 
Subsequently, AN/APW-17 guidance equipment and a 
!Ught test recording system were installed in the air
plane. Du.rlng this qua.rter, the DB-47 was used in the 
taptive !lIght testing of mlssUe No. 4277 . Captive ' 
!lights with GAM-53 No. 51 were also accomplished. 

Another DB-47E (USAF No. 51-5220), complete 
with Rascal guidance components, was delivered to 
HADC In August 1954. Instrumentatlnn was subse
quenUy installed for recording missile and directdr 
aircraft guidance performance, and missile power 
plant and airframe operation. Following missile 
mating and captive flight teating, hot firings of GAM-
63's with this airplane as director began in July 1955. 
The aircraft has been prepared for flight testing mis 
siles of No. 4075 configuration. During this quarter, 
the DB-'7 was utilized to launch missile No. '277 and 
In the taptive flight test program with GAM No. 51 
(a•• Settion n, B, Flight Testing) . It Is planned to uae 
this DB-47 for the launching of mlaaUe No. 79. 

b. DB-35 R&D Directors 

The IDB-36H director airplane (USAF No. 51
5?10) , equipped with AN/APW- l1 guidance, was trans
ferred to HADC in July 1954. Following the Inatalla
tion of a fUght test recording system, this DB-3S was 
used for captive flight tests and for launching GAM-
63's. During this quarter, the DB-36 was used for 
captive flights with GAM No . 61 and the hot firing of 
missile No. 4116. The airplane Is now being used for 
R&D test flights . 

A second IDB- 36H airplane (USAF No. 51-5706), 
equipped with AN/APW-17 guidance, was delivered to 
HADe in December 1954. Following the installation at 
a night teat recording system, the DB-36 was utilized 
for captive flight tests. UtUization of this airplane in 
conjunction with the Radar BQmb Scoring (RBS) pro
gram at HADC was completed successfully. The air
craft was subsequently transferred to Convair, Fort 
Worth, for a major overhaul. After its return to 
HADe, the DB- 36 will participate in the Electronic 
Vulnerability Teat (EVT) Program with the JF-80 
simulated missile. 

3. DIRECTOR AlRCRAFl' EQUIPMENT 

a. General 

The DB-n directoraircraltused with the Rascal 
Weapon System are equipped with an AN/APW-17 radar 
course-directing central and an MA -8 bombing
n~vigalional computer. Direetor guidance equipment 

I
• 

may be divided Into four major systems: (1) the MA- 8 
is a bombing navigation system designed for either 
gravity bombing Or providing initial conditions to the 
GAM-63; (2) the automatic checkout system, working 
In 	 conjunction with the MA- 8 and auxiliary compo
nents , is used prior to missile launching to check 
selected critical items in sequence, and to launch the !I 
missile automatically; (3) the relay link system 
establishes and maintains a microwave radio link 
between the missile and director aircraft; and (4) the 
guidance control system which enables a trained oper LI 
ator to send azimuth correclionsduringthemidcourse 
phase, and azimuth and pitch corrections during the 
terminal dive. II 

Specification 110-947-198, Revision B, defining 
the requirements for bench tests, installation tests, 
preflight tests, and fUght tests of the AN/ APW-17 and [1
MA- 8 systems, and reflecting the dual warhead config
uration, Is in work and will be submitted to the WSPO 
in November 1956 . []

Three of eight prototype AN/ APW-17 director 
aircrait guidance systems have been modified to incor
porate approximately 30 design changes considered :1 necessary to obtain improved performance and reli
ability; these units were delivered to HADe for use in 
the flight test program. A fourth prototype system, 
Similarly modified, has been delivered to Eglin AFB 
for \lse in the EAST program. Three other prototype 'I 
systems have been modified and are in various stages 
ot testing prior to delivery to HADC. System No. 7, 
the last of the eight prototypes, is undergoing modUi
caUon. 

The production AN/APW- 17 system No. 107, 
incorporating apprOximately 70 engineering changes, : I 
has been acceptance ... tested and delivered to Boeing/ 
Wichita. All drawings and speCifications have been 
changed to reflect system No. 107 and subsequent . 

Engineering data have been released to incor
porate dual warhead capability intoooththeproduction 
and prototype AN/APW-17 systems. This chang_will 
be incorporated into production system No. 117 and 
subsequent during manufacture, and into prototype 
systems Nos . 7 and13priortothe~rdelivery to HADC. 
The remaining production and prototype systems will 
be modified by means of servlce kits. .1 

b. Radio Repeater Set 

(1) 	 Automatic Tracking Relay Antenna System 

(ATRAS) 


I 

LExtensive work has continued on product 
Improvement and reliability modilleation and, In moat 
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I[ cases, these changes have been proven under severe 

environmental conditions . 

Dalmotor Company i8 evaluating a new spln
drive motor intended to replace the present ATRAS

[ .pln-drlv. motor which has a high fallur. rat• . 

(2) 	 Polycod. Driv.ra Hermetically sealed pulse-forming networks 
have been evaluated and are scheduled for installation 
In both pr<>totyp. and production units of the polycod. 
driver. InaddiUon to increasing pulse ..wldthaccuracyJn these networks afe expected to provide higher reliabil 
ity over a wider range of environmental conditions. 

0 (3) Command Transmilter 

0 Continued testing of the new magnetic ampli 
fier AFC circuit has demonstrated improved. mag

n 
netron tuning capabilities. The first aetof redesigned 
microwave plumbing was tested and results were close 
to predicted values. 

Both mechanical and electricaldesign as well 
as layout of the new command transmitter are nearly

0 complete. The package willbepressurizedandwUl be 
approximately the same size as the existing transmit
ter. 

0 (oi) R.lay Rec.iver 

Breadboard developm@nt of a narrow-band 

u 
[]. relay receiver was completed early in this quarter, 

and construction was started on an R&D developmental 
prototype. This model, approximately 75% complete, 
will feature subunit construction for ease of repair, 
maintenance, and trouble-shooting. Each subunit Is 
being tested upon completion of construction, and 
bench evalUation of the entire receiver win be con
ducted after all construction and assembly are ac
complished. As presenUy planned, the new receiver 
wUi be s.nt to HADC for In-flight t.stlng and .vaIua
tlon during the R&D Captive Flight Test Progtam. 

, 	 On the d.slgn prototype of the narrow-band 
receiver, the first models of the AFC amplifier, AGe, I

I, l' J 

' u 
amplifier, video IF strip and video amplUier, and 
pow.r supply have been completed and testing has 
begun. The first mod.ls of the ant.nnalF error algnal 
ampllfi.r and the thr.shold ""lay a3.emblY are nearly 
complete. 

c. T.rmlnal Guidance Control Station (TGCS) 

(1) 	 Azimuth, Rang., and Altltud. (3-0) Off ••t 
Computer 

Bid. for the .ubcontractlng of work on the 
offset computer have been received from 10 vendors. 
The subcontract wUl be a••lgned aft.r USAF approval 
and incorporatlon of this item into the work statement 
of Contract AF33(600)-31948. 

(2) 	Indlr.ct Bomb Damage A ••••sm.nt (IBDA) 

Pr.liminary envlronmenlal t.stsoftheIBDA 

marker unit have been completed. The testa indicate 

that the Bell-d••lgned oscUlator wUlprovld. the speci
 I' Ified performance over the required temperature range. 
Mechanical modifications have been completed and it is 
.xpected that vibration t••ta wUl begin during the n.xt 'I II 

I 'quarter. Service test modela will be fabricated for 
flight .valuation at HADC. il " 

I',The moment of inertia of the detector head 

has been determined and a mock-up of the mount is 

being fabrtcated. Thl. mock-up will be used for pre ,. 

liminary electrical iilnd mechanical testa under en

vironmental conditions. 


(3) 	Improved TGCS 
' i 

A laboratory prototype of the improved syn
chronizer has been constructed and is being checked 
out. This model will be uaed for preliminary environ
mental t••t. and for flight test..t HADC. Flight Ie.t. 
will be cooducted In conjunction with testing of the 
narrow-band system. I

A laboratory model of the improv.d rang. 
computer has been constructed. Th. model wUl be Ichecked on the bench. then used in air-to-laboratory I 
te.t. at the Wheatfl.ld Plant,1nd fhwlylnfUgbt teste 
.t HADC. 

d. Automatic Ch.ckout System (ACS) 

The continued program for improving eleetronic 
equipment Is resulUng in the redoslgn of the automatic 
checkout sy.t.m. Redesign willlak. advantage offield 
tests experience. laleat techniqUes, and more recent 
component developments. All parla nol required for 
the present countdown prior to missile launch will be 
eliminated. Testlng,malntenance, andfabrlcaUon will, 
therefore, be greatly faclUlated. Removalofpartsand 
circuit simplification w11llnere ... aystemreUabUity. 
Drawing. tor the mOre-rellable system wlU be com 
pl.ted by February 1851. 
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Automatic checkout system No . 109 was de two-phase motor. There were no failures of tubes, 
livered to Boeing/Wichita after successlully pasaing resistors, or similar parts. Figure 17 shOWI the 
all t••t •• bench setup for this automatic life telttng program. I' .1 

An ACS/GAM- 63 group simulator (Bell Dwg. 4. FERRING AIRCRAFT iI 
112-542- 500- 1) I. In use at Boeing. (The group .imu

I!I lator i8 a ·unit used to verify correct electrical In Two JB-50D lerry airplanes (USAF Nos. 48-089 and 0 ,. 

stollotlon of portions 01 the AN/APW-17 and MA- 8 48-128), equipped with GAM supportfiltlngsandbomb , 

Iyate",s In the DB-47.) All operational dilllcultles, bay cargo platforms, are assigned to the Rascal pro

mainly those of procedure, have been eliminated and gram. These aircraft are operated from the main plant 
 D5pecUicolion 110-542-198 bas been amended where at WheaUield, New York, to deliver GAM- S3 ml.IUe. 
applicable. Thus" far, two simulators have been de and related equipment to the various teat 1ll8tallatloNl 
livered to Boeing and a third is at HADC. (see Figure 18). D'Design work for the extended capability sim.ula 5. RESEARCH AIRCRAFT 

tor (Bell Owg. 112-542- 500- 5) Is in the Unu stages. 
 a. GeneralThis simulator will quantitatively check out the ACS 0 1 .s well as the MRNC equipment and is compatible with The JB-17G airplane (USAF No. 44-8339) Is 
AN/ APW-17 system No. 117 and subsequent. based. at Bell Alrcq.ft' a main plant in WheatUeld, New 

York. !fhls airplane has been used in conjunction with 
A lOOO-hour life test, with a flight simulated the JF-80B airplane for research and development of 

each fou r minutes, has been completed. The only mal components of the director and missile guidance sya 0 
function occurring was corrected by lubrication of a tema. 

0 
I 

I ~ I 
I 

I 
I. 

:_---:::7f- t-AUX. AN/APW- 17 
PAN ELS 

WITH 

SEQUENCING 
DEVICE 

Figure 17. Setup lor Lire Testing GAM-63 Group Simulator 
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Figure 18. JB-50 Ferrying Airplane 

late the GAM-53 missile. This airplane, in conjunction 
with DB-36 No. 51-5706 was useddurlngtbe quarter at 
HADC for the first flight of the RBS Program. The 
F-89 (see Figure 19) and a ground crew was sub
seQ.uently transferred. to Luke AFB, Phoenix, Arizona, 
where the formal RDS ;program 18 being conducted. 

I 
01 

I 
i 

The JB-80B airplane (USAF No. 44-8485), sta
ttoned at theWheaUieldplant , baabeenusedas a s imu
lated GAM-S3 and In the R&D guidance program con
ducted with the JB-17G airplane. 

The JF-89C airplane (USAF No. 51-5814) has 
been structurally modified and Instrumented to slmu-

Report No. 58-981-021-46 
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Figure 19. Prelllght Preparation of JF-89 Research Airplane 
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b. Guidance Flight Teotlng 

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

This aircraft haa completed the IIIteenth 
periodic inspection and 1s again ready for use in guid
ance test flights. 

Flight tests were made during this quarter to 
collect data on Ihe AGC circuit of the radar aet for 
HADC. As a result of the three flights performed, an 
acceptable method was evolved to achieve proper AGe 
action with the single PRF system at all altitudes. 

During other flight&, conducted to evaluate 
the improved TGCS range unit, further improvements 
were made on the altitude tracking circuit. The devel
opment of this circuit is essentially complete and only 
detail. remain to be corrected. 

One flight was performed to evaluate the 
TGCS (part of the AN/APW-17) with IN300 diodes In
stalled In the altitude tracking circuit. These diodes 
were installed to permit operation of the equipme,",t 
when exposed to high ambient temperatures. The 
results of this !light indicated that these components 
permit the circuit to function normally. 

Several ground teats were made to evaluate 
a signal divider which W3S builttoallow two indicators 
to be operated .imultaneously with the TGCS. Results 

: 1 
of th••e teata Indicate that tile signal divider function. 
aaU.factorlly. 

(2) JF-80B No. 45-8485 

During this quarter, the missile guidance 
equipment installed in the F-80 was modified to in
clude the latest antijamming features. Ten !lights 
were performed to evaluate this modification and to 
verify that the aircraft is in proper condition for use 
in the EVT Program at HADC. The pilot and several 
technical persons returned to the Wheatfield plant to 
become familiar with the operation of the new equip
ment. The aircra1t and associated equipment were 
subsequently transferred to HADC .on 20 August 1958. 
An effort is now being made to ship the final group of 
spare guidance units. r 

(3) 	JB-50D No. 48-111 

The B-50 arrived at the Wheatfield plant on 
27 June 1956. Although this atrplane will replace the 
more obsolete B-1', authority has not yet been granted. 
to initiate the change-over. Some effort has been 
spent in planning the installation of equipment for the 
B-50. 

The B-1'? command package has been modi
fied to permit the use of a third command channel to 
control the threshold voltage of the radar set. Flight 
tests are planned to evaluate this modification. 

F. Ground Support Equipment 

I 
1. SYNOPSIS 

The ground support eQ.uipment for the GAM-63 
Weapon System encompasses all equipment not an 
integral part of the mlssUe Or director aircraft, hut 

., which is required to service, repair, test, and prepare 
il the weapon for launching. SUpport eqUipment, there
I, fore, jncludea handling and transporting devjces,
II assembly stands aMalings, 8pecialloadingandfueling!i 	 unils, checkout/te.t equipment, and special tempi ales 

and toolo. 

!I 
Over-all planning relaUve to support eQ.ulpment 

for the Rascal Weapon System is divided Into two 
major categories. The llrat includes plans for eqUip
ment needed to conducl the contractor' 8 ground and 
flight test program., and the other Includes planning 
perUnent to the Rascal support equipment required 
by the AIr Force under operational conditlon •. 

44 

2. 	SUPPORT EQUIPMENT FOR THE RI:.D 

PROGRAM 


Ali items of support equipment for conducting the 
Rascal R I:. D !light test program are available for 
current 	reqUirements. Changes made to other ele
ments of the weapon system occasionally bring about 
modifications to existing ground support eqUipment; 
these modifications are accomplished as the need 
arises. Progress on new..design development work 
is presented in Figure 20. This work is in support 
of new design work for other elements 0( the weapon 
system a. listed in the Uiustratlon. 

a. 	Handling EqUipment 

Engineering design work was completed Ort 
protective covers for the GAM-63 horizontal wing 
sUrlaceo and the att vertical fin In theloided position. 
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NEW DESIGNS 
'DEVELOPMENT OF RAND 0 AS 
REQUIRED BY PART I, ITEM 3 OF THE 
CONTRACT WORKSTATEMENT: 

THIN WING 

SIMPLIFIED FINFOLO SYSTEM 

IRFNA DEVELOPMENT TEST 

GAS GENERATOR 

ELIMINATION OF GAS SEPARATOR 

AIR AS PROPELLANT TANK 
PRESSURIZING MEDIUM 

LOW-POWER RADAR SET AND 
RADIO SET 

HIGH-POWER RADAR SET 

NONEMANATING INERTIAL RANGE
COMPUTING SYSTEM 

STABLE PLATFORM 

AUTOPILOT POWER SUPPLY 

ANTENNA STABLE SYSTEM 

ROLL CONTROL SYSTEM 

AUTOPILOT SYSTEM 

DOUBLE-NOZZLE SERVO VALVES 

,I
' I 

r ! 

I 

I 

I 

I Figure 20. Ground Support ~quipment Improvements 
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STATION LOCATION TEST CAP ABILITIES 

A- 1 WheaUield Composite Systems 

A-2 Wheatfield Composite Systems 

8-1 Wheatfield Emanating and Nonemanating Guidance Systems 

8-2 WheaUield Emanating and Nonemanating Guidance Systems 

C-1 Wheatfield Nonemanating Guidance and Standard Telemetering 
Systems 

C-2 WheaUield Nonemanating Guidance and Standard Telemeter!n, 
Systems 

D-1 WheaUield Nonemanating Guidance System 

D-2 WheaUield Nonemanating Guidance System 

E-8E AF Plant No. 38 Composite Systems 

E-8W AF Plant No. 38 Composite Systems 

E-9E AF Plant No. 38 Composite Systems 

E-9W AF Plant No. 38 Composite Systems 

F HADC Composite Systems 

G HADC Composite Systems 

X HADC CompoSite (Portable) 

Y HADC Emanating and Nonemanating Guidance Systems 

M Wheatfield CompOSite Systems 

R&D AF Plant No. 38 Composite Systems 
(Mobile Unit) 
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The protective covers are or an improved design 
(or ease o( handling and appUcaUon. 

b. Service EqUipment 

The test article 01 the Flush and Disposal 
Tealler (see Figure 29, Report 56-981-021-45) was

i ! completed during this quarter and Is presenUy under
! going evaluation at AF Plant No. 38. 

c. Director Aircraft Checkout Equipment 

Modifications necessitated by changes in the 
ANI APW-17 guidance system were made during thi. 
quarter . 

d . Missile Checkout and Test Equipment 

To accomplish systems testing o( GAM- 63' 8, 

16 test stations have been fabricated an:'. installed at 

TA8LEV 


MISSILE TEST STATIONS 
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the Wheatfield Plant, Air Force PI.."t No. 38, and 
Holloman Air Development Center. Efforts are COn
tinuing to incorporate into tbls test equipment, weapon 
system changes and improvements determined from 
operating experience. In addltion, ,Station M and the 
R " D Moblle Unit are being maintained to perform 
tests for (waluaUon o! engineering changes and/or 
development problems which aUect systems test1ng. 
A lisUng or these test stations with their location and 
teat capabilities IS presented in Table V. 

The R&D Mobile Checkout Unit was utilized in 
the hot-tiring tests 01 GAM-63 No. 4277 . Aiter com
pletion of the tests, the unit was returned to the Wheat
neld plant for modUication and malntenance. The unit 
will ultimately be relocated at AF Plant No. 38 for use 
in the Life Test Program to be conducted on GAM 
No. 78. 
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n The fuzing test equipment at StaUon A has been 
modlf1ed. from a stationary to aportableunltand made 
compatible with GAM No. 13 (Station A-i) and GAM 
No. 87 (Station A- 2). 

Station M was supplemented with vibrationn equipment to accomplish Phase A- l 01 the GAM No. 78I• Life Test Program which was completed during this 
quarter. Station M is presenUy being ulled In support

0 of teating and alignment of GAM No. 80 . 

The R" D Checkout TraUer (Bell Part No. 
112- 542-450-7) has been modUied to makeltcompati

0 ble with GAM No. 87 in preparation for use in the 
ground support equipment evaluation program. 

3. OPERATIONAL GROUND SUPPORT EQUIPMENT 

n 
~ The test article of the Flush and Disposal TraUer, 

completed during this quarter I Is undergoing evalua
tion testing at AF Plant No. 38. 

. ~ 
'i The Warhead Loader (see Figure 30, Report 56 r 981-021-45) and Its operation and service handbook 

~ were evaluated with satisfactory results. Afew minor 


! t ~ changes were incorporated into the unit and its hand
. . 
/ I book as a result of the evaluation and the first two 

I. Warhead Loaders are ready for delivery to the USAF. 

D Emanating guidance, nonemanating guidance, 
I ' 

fuzing, and calibration bench set equipment, being 
prepared for the Ground Support Equipment Evalua

U tion Program, are 95% complete. Evaluation of the 
handbook, edited for the purpose of operation, serv
ice and maintenance of the bench aet equipment, 1s 
pr~gresslng concurrently with fabrication and is ap 

U proximately 20% complete. 

U 
Engineer ing design work for adding an outrigger to 

the base of the aft body stand of the missile has been 
compl eted. The outrigger will prevent an unloaded 
stand from overturning when its boom hoist is used 
for removal or installation of a missile rocket engine. 

n The first production unit of the Rocket Engine 

r 
Analyzer (BeU Dwg. No. 112- 789-'82- 1) was com
pleted d\lring this quarter and inspection tests are 
being conducted prior to evaluation. 

A drawing review program was conducted on all 
drawings pertinent to ground 8upportequipment, prior

[ to contractual delive ry of the units. The review was 
cO(lducted to ensure that the dtawings are compatible 
with current operational design configurations. 

r A Development Engineering Inspection (DEI) on 
I 
~ 	 operallonai ground support equipment, conducted at 

Bell Aircraft' 8 WheaUleld facUlty on 15 through 17 

-
~ 
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May 1908, reBulted In 88 discrepanciea, alioCa minor 

nature. The follOwing Form 68' a were submitted: 


Category 	 Quantity 

I 	 Inspection Items (to be accom
plished 80 that eqUipment wtll 
meet USAF requirements) 35 i' 

u 	 Mandatory Changes (Engineer- I
Ing Change Proposals) 13 

III 	 Study Changes (01 a nature Iwhich will require a study) 23 

IV 	 Not applicable or acceptable 17 

Total 	 86 

Of the 35 inspection items listed in Category I, 33 
have been accomplished and are being reviewed. All 
engineering design changes have been completed on the 
items in Category II. Studies have been completed lor 
21 of the 23 changes listed in Category Ill. 

Figure 21 rellects the progress on new design e( 
forts for squadron ground support equipment. Fabri
cation of this eqUipment, which is progressing con
currently, is apprOximately 20% complete. 

AJJ a part of the work effort on Project MX-'l76, 
a program is under way at HADe to evaluate opera
tional grrond support equipment. The evaluation con
sists of actual usage of each item, in accordance with 
its applicable handbooks, during the preparation of 
GAM- 63 missilea for launching. In addition, the hand
books associated with each item are evaiuatedfor sult 
abUity and accuracy in describing operation, mainte
nance, and repair. 

During this quarter, four items of support eqUip
ment were parUy evaluated. Two items, the rocket 
engine stand (Bell Dwg. No. 112-782-588) and the fuel
line !ill unit (Bell Dwg. No. 112-789-'81) have been 
completely evaluated. The rocket engine stand (see 
Figure 22) and its associated handbook were found to 
be compatible and s1J.itable for operational usage. The 
fuel-line fill unit requires alight modification and its 
handbooks requir e minor revisions to 'enlure com
patibility. 

Four additional items of ground support equipment 
are being evaluated: the search antenna guard, the 
warhead compartment strut, the warhead door dust 
shield, and the hydraulic test stand. Evaluation of the 
first three 01 th..e Items will be completed during 
the pre!llght preparations of missile No. 'i9. 

47 

-




.
5 E C I E T / I 

BEL V~ "lnllll'. • • • • • • • • • • • • • • • • • • , • • • • • • • , • • • • 
:'1 
I I 


ITEM OF WORK 

EXISTING DESIGNS AND HARDWARE 

DESIGN, DESIGN MODIFICATION, AND 

DEVELOPMENT TO MAINTAIN 

COMPATIBILITY WITH THE 

WEAPON SYSTEM 

NEW DESIGNS AND HARDWARE 

DESIGN, FABRICATION OF PROTOTYPE, 

AND DEVELOPMENT TESTING IN ACCDRD

ANCE WITH PART I, ITEM 3, OF THE 

CONTRACT WORKSTATEMENT: 

DRYING UNIT 

COOLING REQUIREMENTS 

TRANSPORTATION AND STORAGE 
REQUIREMENTS 

MCKAGING ANAlYSIS 

DESIGN RECOMMENDATIONS 

OIREClOR AIRCRAFT CHECKOUT TRAILER, 
SEMI-AUTOMATIC, PREUMI NARY DESIGN 

GAM CHECKOUT TRAILER, SEMI-AUTOMATIC; 
PRELIMINARY DESION 

LEGEND 

o DATA AND RECOMMENDATIONS 
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Figure 21, Squadron Ground Support Equipment Programs 
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Figure 22. GAM-S3 

Rocket Engine and 

Rocket Engine Stand 

G. Training Equlp",ent 

1. SYNOPSIS 

n Training equipment for the GAM- 63 Weapon Sys
tem faIls into two categories: the equipmentfor train
ing maintenance personnel and the equipment for 
training operaUona personnel. Figure 23 presents the ~ 8tatua of the training equipment programs. 

Classroom demonstrators for the GAM-63 systems

[ and the AN/APW- 17 radar course-directing central 
in the director aircraft have been designed, fabricated, 
and delivered to the Air Force. Alao, a team of F- 80 
and B- 50 aircraft, modified and instrumented to simu

[ 	 late the GAM-63 and the DB-.?, has: been delivered to 
the Air Force. 

... 	 2. MAINTENANCE TRAINING AIDS 

J.
• 

The Mobile Training Unit (MTU) is being designed 

I 
in accordance with Air Force Exhibit WeE-2BO in
cluding Amendment IV. 

I 
The missUe portion of the MTU consists of 14 units. 

Seven of the units portray systems in the missile, 
while five others contain checkout and test equipment 
for those systems. The remaining two units supply 
power for operating the complete set. All missile 
units of the MTU, except the Rocket Engine Analyzer 

I Trainer, have been designed and releaaed for manu
facture. Des ign of the Rocket Engine Analyzer Trainer 
Is nearly compiete. 

I Report No. 56-981- 021- 46 
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The director aircraft portion of the MTU consists of 
11 units. Six of these portray Rasca1systems located 
in the DB-47 I three are test eqUipment, and two are 
units that supply power for operating the complete set. 
The Bombing-Navigation Compoter (Modlfled ME-8) 
Trainer Is being designed. Ail other units have been 
released for manuJacture. 

3. OPERATOR TRAiNING AIDS 

The Rascal Guidance Operator Trainer (ROOT) has 
undergone continued. improvements, basedupon opera
Ung experience. These are in addition to the normal 
changes authorized for the weapon system. Atpresent, 
the entire trainer is being brought up to date. A new 
optical system for the radar simulator is being con
structed and should be completed, although notneces 
sadly installed in the trainer, durlngthenextquarter. 
It is anticipated that this new optical system not only 
will simplify the adjustments lor aligning the simula
tor, but also willincreaae the light transmiSSion e1
ftc1ency of the system . 

An all-optical target-briefing device is being de
signed and fabricated. The design work is progress
ing with two main objectives in view. The first con
sideration is to produce, on the sllDulatedradar screenl 

a picture that Is as realistic as possible with an all 
optical system. This is Important from the standpoint 
of Iralnlng the guidance operator to recopbe the 
target on all actual radar screen alter the operator 
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has been trained on the target-briefing device. The 

I second design consideration Is portabUlty, To be of 
maximum value for brlefing purposes, the unIt muat 
be capable of being readily moved Without the aid of 

I 
handling equipment. Based on this criterIon, design 
of the unit is such that one, or possibly two, men can 
unload the device from a truck, carry it to the as
sembly site, and ..semble the unit Without the need 
(or handllng eqUipment.:\ rI'· 4. TARGET 	ACQUISITION AND RGOT MAP EVALU

ATION PROGRAM 

Conlract Change Notification No. 27, receIved in ~ 	 November 1955, defines and authorizes the Target 
Acquisition and ROOT Map Evaluation Program . Pro
gress on the various phases of this program are pre
sented in the following paragraphs . ~ 

The target acquisition investigation being conducted 
by AORL. Mather Air Force Base, is based upon 
scoring experienced Air 0 b s e r v e r Bombardiers 

j. 
, 	UI, (AOB' 5) on the Bomb Run Simulator -Nhlch contains ~ 

10 
I properly modified Rascal scope photographs of Kansas 

City, Missouri. Prior to employing the Bomb Run 
Simulator I the operators are briefed both on scope

I photographs obtained with the RGOT and on enlarged 

0 
artwork predictions furnished by Bell Aircralt. This 
program was started at the end of this quarter and 
the results will be presented in the next quarterly 
report. 

rD The Target Acquisition investigation condueted at 
Bell Aircraft using the ROOT and SAC AOB's was 

10 
completed during the first quarter ol1956. Although 
the report summarizing this investigation was delayed, 
pending reduction o[ accumulated data, it is currently 
undergoing Unal review prior to submittal to the Air 

0 
II 


1. GRAVITY BOMBING CAPABILITY 

I] Studies relative to Ihe gravity bombing capability 
have resulted in the plan to release three full-scale 
(modified Model 56B) GAM-63 airframes from a DB
47 under typical launch conditions, The airframe 
modifications have been completed and final system 
in8tallation is under way. The rocket engines and 
other unnecessary equipment ha.ve been replaced with 

I! 
U ballast; Ihe airframe gross weight is Identical with 

that of • fully loaded Model 56F missile, A program 
has been prepared for evaluating the pyrotechnic 'P8 

1: 

-"'( Report No. 56-981-021-46 

,. 	 SECIET 

-

H. Weapon System Investigations 

Force in the nextquarter. Intheinterlm, the Guidance 
Operator Capability Program Report w" prepared and 
Is being readied for pubUcation. 

The third phase of the Target ACCluisition Program 
was completed at Phoenlx, Arizona, on 31 August 1956. 
This program utiUzed a JF-89 airplane (simulated 
GAM-63) under the control of SAC AOB's situated in a 
DB~36 director aircraft and operating under re3.l.i&tic 
strateglc conditions. Eighteen dives were accom~ 
pUshed in the programj complete data were obtained 
on approximately 40% of the dives and partial data on 
the remaining dives. Data reduction and analysis are 
under 'l/ay at Bell Aircraft's Wheatfield facUity. In 
general, it is considered that the objectives of obtain
ing target acquisition information, as well a& data for 
evaluating the guidance system and the open-loop con
trol system, have been accomplished. A report on 
this phase of the program will be published during the 
next quarter. 

An evaluation of the ROOT map-making techniques 
has been conducted by the Radar Bombing Branch, 
Directorate of Operations, Of:Uutt Air Force Base. 
This organization employed actual scope photographs 
obtained with the JF-89 over !Unsas City and ROOT 
scope photographs obtained with a prediction plate of 
the same area. It is anticipated that the Radar Bomb
ing Branch will submit a report on their findings 
during the next quarter. 

5. 	HUMAN ENGINEERING 

Results of the efforts in human engineering have 
been incorporated into the Target Acquiattion and the 
Guidance Operator Capability reports mentioned pre~ 
1I1oo81y. 

generating device which positions the ailerons after 
launch. The type and quality of telemeteringrequired 
for the initial phases of the program have been deter
mined. A simple battery-operated 5-channel FM/FM 
system Will be utilized for the gravity bombfiighi. In 
addition, two RF channels have been incorporated for 
initial evaluation work on the MC-616 impact crystal 
networks. DeSign work has been completed for in
stallation of telemetering componentsj near-centerline 
mounting has been achieved to reduce centritugal ac
celeration to a minimum. 
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Suitable end instruments will be provided 1n these 
test vehicles to measure pitch and roll rates and to 
monitor fuzing operation and aileron deflection. 

Estimated completion lor the Urat gravity bombing 
airframe 1& December 1956. Testrange instrumenta
tion at HADC will include lull Askania cinetheodollte 
coverage !rom launch to impact, and motion picture 
coverage (chase plane) irom launch to 10,000 [eet 
altitude (or obtaining trajectory characteristic8 and 
roll data. 

In addition to the three airframes mentioned pre
viouslyJ additional vehicles and drop testa are con
templated to establish bombing tables and to determine 
CEP. 

2. ALTERNATE 	 TARGET AND A1MPOlNT CAPA
BILITIES 

In an eifort to increase the flexibility ofthe weapon 
system, alternate target and aimpolnt capabilities in 
the director aircraft post-take-oU phase have been a 
8IJbject of recent studies, The various approaches to 
.the solution of the problem were summarized in a 
preliminary report submitted to the WSPOin June 1956. 
A progress summary report, presenting the results of 
analyses a.nd laboratory tests of the selected solution 
for proving the feasibility o[ the design, was planned 
for submittal to the WSPO in November 1956. How... 
ever, the modified commercial timers required for 
these tests have not been received from the vendor as 
scheduled. The publication date will therelore be de
layed. A new submittal dale will be eslablished (or 
the report after the timers are received. 

3. CAP ABILITY STUDIES 

Bell Aircraft will prepare a document reflecting 
the results of studies that have led to the selection of 
the existing Rascal weapon. Although not all-inclu
sive, the document will reflect significant technical 
factors considered in establiShing the basic weapon 
system configuration. The status d 80me of theae 
studies are summarized in the followJng paragraphs. 

a. 	Relay Link Requirements 

A study of the requirements imposed on the relay 
antenna and autopilot stabilization systems by the 
Rascal relay link has been completed and a report o( 
Ihe results is being prepared. This study was based 
upon a theoretical development relating Ihe error 
levels, which exist in certain GAM-53 and DB-47 sys
temB, to the probability Of maintaining the relay link 
during !Ught. The report will provide a means for 
determining the probability of Buccess of tM relay llnk 
(excluding c.tutrophlclailures), given the errOr levelo 

or specUlc accuracy limits In the various GAM and 
DB-47 systems, or lor speCifying the allowable error 
levels In these systems for a givenprobabUity of suc .. 
cess of the relay link. The systems, or parameters, 
covered In tbis report are: (1) posUaunch !light path 
01 the DB-47; (2) yaw (direcllonal) gyro drift rate, 
(3) yaw autopilot error; (4) wind prediction errors; 
(5) launch heading error; (5) vertical (pitch and roli) 
gyro driU rate; (7) error of relay antenna positioning 
system; (8) roll autopilot error; (9) power outpulol 
missile relay transmitter, and (10) sensitivity of DB
47 relay receiver. The report also provides a means 
{or examining the effect of radar set performance 
(target recognition), as well as that 01 relay signal 
attenuation due to adverse weather, on the success 
probability 01 the relay link. 

b. Nonemanating Guidance System 

Work is continuing on the error analysis of the 
Inertial Range-Computing System, based upon addi
tional data on winds and magnetic heading accuracy. 

c . 	Acceleration Limiting 

Work on the command-limiting accuracy re 
quirements as a function of missUe maneuvering i8 
continuing. 

d . 	OUset Guidance Computer 

The error analysis 01 the 3-D oflset guidance 
computer is continuing (see Section E, 3, Director 
Aircraft Equipment). 

4. 	 STUDY OF MAGNETIC DATA ACCURACY 

The problem of predicting vuiations in the earth' s 
magnetic field for launch altitudes and launch areas 
associated with the weapon system is being re-exam
ined to establish the magnitude of error contributed 
by this source 10 total heading error. BaSically, errOr 
in predicting magnetic variation results (rom (1) lack 
0( observed magnetic data and the necessity for pre
dicting Irom out-dated inlormation, (2) error inpredic
Hon technique used to extrapolate surface data to alU
tude data, and (3) inaccuracies in magnetic variation 
charts. Discussions withpersonnel at the Aeronautical 
Chart and Information Center and at several other 
agencies engaged in studies related to the evaluation 
0( magneUc data have resulted in vital inLormaUon on 
chart prediction errors. AnextensivelBMcalculation 
prC'grarn is antiCipated and an evaluation of this pro
posed program is under way. 

S. 	LOW-ALT(TUDE LAUNCH CAPABILITY 

An investigaUon was conducted to determine the 
leasiblllty ot launching Rascal at an altitude 0( 10,000 
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leet. A I11ght plan was prepared and prellmlnary re
sults 01 this study Indloate that the present weapon 
system configuration offers no fundamental obstacles 
to launohing at this altitude. Presentpl.n. are to oon
suit with the WSPO prior to Investigating the leaslbllity 
of launohing the GAM-53 at 5000 leet. 

5. ANALYSIS OF PACKAGING REQUIREMENTS 

The final packaging analysis report, No. 66-989
028, is nearly complete. Publication and release of 
this report is scheduled for the next quarter. 

7. ELECTRONIC VULNERABILITY TESTS 

The Electronics Vulnerability Test (EVT) Program 
utilizing the EF-80C (USAF-No. 45-8485) and the 
JDB-35H (USAF No, 51-5706) airoralt was Initiated In 
September 1956 at HADe. Thi& effort i& being con
ducted by the USAF with Bell Alrcralt support to d2ter
mine the susceptibility of the Rascal Weapon System 
to interception and analysis, and the degree of inter
ference of missile performance that can be introduced 
by jamming and deception. 

Implementing this program was a series of three 
DB-3S !lights during which command transmitter and 
ANIAPS-23 radar signals were successfully deteoted 
and analyzed. The resulting data should prove useful 
in planning future Hight teat operations. The D8-36 
was subseq,uently ferried to ~ort Worth, Texas, for a 

perlodlo inspection; this airplane I. aoheduled to be 
returned to HADC on 15 October. 

Four miSSions were oonducted with tbe JF-SO 
(simulated GAM-53) to interoept and analyze signals 
em~at1ng from the radar set. During two of the 
flights, the magnetron frequency was not changed; on 
the other two IIIghta. the antijamming leature w.s 
acUve. Use(ul data were obtained from all four 
missions. 

Studies of AGC and AFC action 01 the relay re
ceiver, under the influence of a jamming signal, are 
being conducted during a series of ground tests on 
electronic systems. The ten days 01.. systems tesUng 
to satisfy the request of the Missile Countermeasures 
Laboratory ia approximately 80% complete. 

S. MISSION PLANNING DATA REPORT 

A preliminary report. No. 66-989-021, dealing with 
mission planning, Is betng published and should be 
available in the next q,uarter. This document Wil.l. 
present tbe basic data needed to prepare the Rascal 
Weapon System for a miSSion. The subject matter 
is separated into two categories. The 1irstdeals with 
flight planning informationfor operational employment 
of the weapon against strategic targets. The sec.a.ld 
category is concerned with flightplanninginatructions 
tailored for use at HADe dul'ing the EAST progr..am. 
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SECTION 

AIR FORCE PROGRAMS J 
A. Employment and J 

8ultability Teetlng 

The operational suitability testing of Air Force 
guided missiles is under the provisions of AFR 80-14 
which designates this function :a.s the prime respon
sibility of the Air Proving Ground Command (APGC). 

The Air Force On-the-Job-Training (OJT) pro
gram at Eglin Air Force Base will continue until the 
beginning of Employment and Suitability Testing 
(EAST). Sufficient GAM-83 weapon system hardware 
is ava.Uable at Eglin AFB and the OJT program Is 

B. Logistics Depot 

Bell Aircraft Corporation submitted a facilities 
proposal to AMC on 8 August 1955 covering the re
quirements for establishlng a GAM-63 Logistics De
pot at Air Force Plant No. 40 in the township of 
Tonawanda, New York. On 29 September 1955, AMC 
approved this proposal as Appendix A to FacUitl.s 
Contract AF33(6oo)-31197. 

On 5 October 1955, Bell Aircraft was awarded 
Contract AF36(600}-2667 for the overhaul, repair, 
and modification of GAM-63 components and related 
equipment, and Contract AF36(600}-2666 for the 
storage and distribution services of .pare parts for 
the GAM-63 Weapon System. During this quarter, 
these contracts wete extended by SupplementalAgree
ments to 30 June 1957, 

under way. This hardware will be utilized in the 
ground phase of the EAST program which is scheduled 
to begin early in November 1958. Upon completion of 
the ground phase OJT/EAST effort, a preflight pro
gram will be undertaken and this will lead to actual 
missile launchings by the APGC testteamduring1957. 
Planning for the . OJT and EAST programs is pre
sented In the MX-776 Program Planning Report, 
No. 56-989-003, Revlsion 18. 

The GAM-S3 LogistiCS Depot will increase Its 
working force to coincide with the increase or work
load, either in the field or at the repair faclllty, as 
additional repairables generate during lbe progres
sion of Air Force operations . Until lbe Depot is 
activated and the necessary equipment is obtained, 
all work which cannot be performed at the Depot will 
be accomplished at the Niagara Frontier facilities of 
Bell Aircraft Corporation. 

The Logistics Depot will accomplish the work re
quired for area support such as the DB-47 aircraft 
retrofitting at Eglin Air Force Base and at Holloman 
Air Development center. Kits for the material for 
area support will be furnished by Ibe Air Force. 
These kitS Will normally be manufactured by BellAlr
crtft under Contract AF36(600}-2001. 
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PART I .. AF Stalt Familia.rization 

[ PART n - AF Technical Training 

,. PART m - On- the-Job-Tralnlng 

~ PART I - The AF staff familiarization program 
extended from 12 July 10 22 Oclober 1954. A total 01 

1 
175 USAF staff personnel attendeda40-houraeademlc 
program at Bell Aircraft Corporation. 

I 
D. Handbook. 

I 1. SYNOPSIS 

In preparation for the EAST phase of the Rascal 
program, a. complete set of maintenance and. overhaul

I handbooks is being prepared to malch the end-items 
of the weapon system: the miBllle, the AN/APW-17 
dlrector aircraft guidance system, and the ground sup
port equipment.

I 
I 

Data in the handbooks include preparation for use, 
warm-up procedures, description of controls, opera
ting procedures, theory of operation, trouble-shoot .. 
1ng to isolate a malfunction wIthin a system, removal 
and installalion 01 componenls, trouble analysis to 

I isolate a maUuncl10n within a component, replacement 
procedures, tomplete tearciown, inspection, lubrica
tion, cleaning, reassembly, test, retest, -artd inapec-

I Report No. 56-981-021-.6 
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c. Technical Training and

1.1 
1. AIR FORCE TRAINING" 

~ 
As a result of three Air Force training confer

ences at Bell Aircraft CorporaUon (one Irom 10I I through 19 March 1953, one from 31 March to 9 
Aprll1953, and the other on 9 and 10 February 1954), 
a training program fOr Project MX-776 was formuI', I lated. These conferences were a.ttended by repre
sentatives of AMC, WADe, ARDe, SAC, TTAF, andIi 
USAF Commands.

I For these conferences, an outline for a training 
course was established, length and number of classes 
were agreed upon, and the categories of training, 

I classification of trainees, and number of Air Force 

[ 
Commands that will participa.te were determined. 
Training of Air Force personnel (ataff, AFOST, and 
lnatnlctors) is to be accomplished 1n three .parta: 

Support 

PART n - A technical training program lor ap
proximately 95 USAF personnel began on 13 Aprll 
1955 at Lowry AFB, Colorado, and on 11 May 1955 
al Chanule AFB, minols. This flrst class of trainees 
completed training on 28 June 1955. All training was 
compleled on 8 November 1955. 

PART m - A letter from WADC, dated 18 Nov
ember 1953, requested that Bell Aircraft review the 
on-the- job Iraining proposal outlined In HADC letter 
to ARDC, dated 19 August 1953. The WSPO and Bel! ' 
Aircraft subsequently agreei1 upon the necessity lor 
an OJT program at Eglin AFB. 

To supplement the training programs already ac
complished, additional approved and proposed USAF 
training programs are plaMed. Figure 25 of MX-776 
Program Planning Report reflecta the p1anninc for 
the3e projects. 

2. TECHNICAL REPRESENTATIVE SUPPORT 

In support 01 the Air Force OJT/EAST program, 
Bell Aircraft Corporation has a981gned technical and 
service representatives to Eglin AFB, Valparaiso, 
Florida. 

A proposal has been submitted to SAC Head
quarters covering contractor technical support for 
squadron activaUon and ROOT operation. 

tion. Test equipment will be given the same coverage 
as the eQ.uiprnent being tested. 

Maintenance handbooks include information neces
sary for the operation and serVicing of equipment at 
organizational (squadron) and field levels. Overbaul 
handbooks, to be used at depot level, will include in
formation necessary for the repairofequipmentwbich 
requires a major overhaul or complete rebuild of 
parts, subassemblies, assemblies, Or end. items. 

To ensure a higher level of reliability for the GAM
63 Weapon System, an increase in the number or over
haul handbooks is anticipated and this area is now 
under study. The completion date for overhaul hand
books will be delermined by AMC with respect 10 the 
operational date ot the contractor-operated Logistic 
Depot 01 Air Force Plant No. 40. 
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2. GAM-63 MISSILE 

All negatives lor systems maintenance handbooks 
on the mlsalle, except the Inspection Requirements 
Handbook and the List 01 Applicable Publications, 
have been delivered to the USAF. The remaining two 
T 0' s will be delivered when requested by the Air 
Force. Illustrated Parts Breakdowns (IPB's) for the ., missile are on schedule. All but one IPB (scheduled 
lor delivery on 1 January 1957) will be delivered 
prior to the delivery 01 the first EAST missile; this 
docs not include vendor-prepared IPB's. 

3. GROUND SUPPORT EQUIPMENT 

Negatives of required handbooks for ground sup .. 
port equipment are being delivered on schedule, whi.ch 
Is 30 days prior to deUvery of the related equipment. 

I.~]
I· 

lllustraled Part. Breakdown. (IPB' 0) are scheduled 
for completion by 1 March, 1957 J vendor-prepared 
IPB's excepted. iJ 
4. AN/APW-17 DIRECTOR AlRCRAFT GUIDANCE 

Maintenance handbook negatives on the AN/ APW- m 
17 (systel!> No. 107) have been delivered on schedule . 
All IPB' 8, except two awaiting vendor data, have been 
delivered on schedule. n 
5. HANDBOOK REVISIONS 

A program bas been initiated In which handbooks nalready delivered will be revised to reflect (1) addi
tional component conliguratlons (dash numbers added 
to Bell drawings) and (2) changes resulting from hand
book/equipment evaluation programs under way at flBell Aircraft lacUlties. 

n 
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1. SYNOPSIS 

Various facUilies are operated by the Bell Aircraft 
Corporation 1n developing, manufacturing, and testing 
the Rascal Weapon System. Principal activities and 
functions are: research, development, and research 
flight-testing at the Bell Alrcralt WheaUleld Plant 
near Niagara Falls, New York; rocket engine and 
GAM-63 systems testing at nearby Air Force Plant 

No. 38; and final testing of t.~e Rascal Weapon Sys

tem at HoUomanAirDevelopment Center, New Mexico. 

2. FACILITIES IN THE NIAGARA FRONTIER 

Rascal weapon activities at Bell Aircraft facUities 
in the Niagara Frontier area include the design de
velopment, fabrication, and testing of: 

(1) GAM- G3 missiles and missile systems 

(2) Equipment for R&D and trainer aircralt 

(3) Rascal guidance equipment for operational di
rector aircraft 

.. - - . 

APPENDIX I 

FACILITIES 

(4) Ground support equipment 

(5) Classroom demonstrators and other training 
aida 

Also among the actlvitiea in the Niagara Frontier 
are the training of Alr Force per80Mel, a GAM-53 
training program, and oper.ational weapon support 
equipment studies. 

a. WheaUleld Plant 

The Bell Aircraft facUlly at WheaUleld, New 
York, Figure 24, is the nerve-center of the MX-776 
program. This plant, together with the other engi
neering and manufacturing faCilities, fultllls , the re
quirements for both developtngandproducing elements 
of the GAM- 63 Weapon System. The WheaUIe1~ Plant 
is located adjacent to the Niagara Falls Municipal 
Airport where extensive development fUght-telting 01 
electronic. systems is conducted. The ~dmini8trative 
offices of the MX-776 Program, as well a~ funclional 
laboratories and sections covering the fielda of Aero
dynamica, Dynamics, Structures, Electronics, Servo

. 
- ~ 

--- - - -----~-

Figure 24. liell Aircralt Phnt at WheaUleld, New York 
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Figute 25. Plan View ani! Typical Installation. at AF Plan! No. 38 
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mechanisms, and Rockets are localedhere. In support 
of research and manufacturing activities are additional 

I facUities such as rocket test cells, environmental 

I 
chambers, vibration equipment, a wind tunnel, ana
logue computers, and automatic computation equip.. 
ment. OU1,er supporting actlvities, such as pur.. 
chaSing, INbcontracUng, estimatinl. and accounting, 
are also situated here. 

!I b. Air Force Pl2nt No. 38 

A major tesUng lacUlty operated by Bell Airi 

1 
I 

craft, AF Plant No. 38 Is situated approximately 
12 miles from the main plant at Wheatfield, New York. 
This area, formerly utilized. for the manufacture and 
storage of TNT during World War II, is a sUe for 
testing missiles, rocket propulsion systems, and 
other components. The plant consists of 56 earth.. 
covered concrete Ig1008, test cells, oUicies, railroad 
sidings, surfaced roadways, power lines, and sup
porting installations. This lacUlty Is used chiefly 

I tor the production acceptance testing of Rascal power 
plants and for e:hecking the component systems of each 
GAM-63 prior to shipping the missile to Holloman 
Air Development Center. Air Force Plant No. 38 
(see Figure 25) is also used as a proving ground for 

• I Rascal ground support equipment. 

Work on two additional test cells is continuing. 

~ The new cella, deSignated E-IO and E-ll, will be 
used for acceptance testing rocket engines, thrust 
chambers, and turbine pump •. In.tallatlon of the test 

I cells and construction of the control room are es· 
aentlally complete. 

I 

1 

1 

I 

I 

J 
I 
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Installation of a high-speed digital dala-handllng 
system in Cells E-IO and E-ll (mentioned in pre
vious Quarterly Progress Report) is well under way. 
Thirty newly designed high- speed Leeds" Northrop 
(Model H) Indicators with shaft dlglters were Installed 
In the control room 01 Cell E-ll . Patch panels of the 
telephone and switchboard type, ro~ting incoming and 
outgoing slgnals, were erected in the control rooms 
01 E-I0 and E-ll. Delivery acceptance of the first 
high-speed printer, with. capability 01 printing 3600 
characters per second, was made at the vendor's 
Boston plant before shipment of the unit to California 
for marriage With the control elettronlcs at the 
vendor'S Berkeley plant. Work on thIs unltand On the 
second high-speed printer is scheduledfor completlon 
during the next quarter. 

Construction is under way to increase the test
Ing capability of AF Plant No. 38. The Internal ae
curlty (ence is being moved. 430 feet west and SOO 
feet north to increase the enclosed area to 220 acrea. 
The new boundaries wUl enclose 12 additional igl008. 

c. Air Force Plant No. 40 

Following negotiations with the Air Materi"l 
Command, Bell Aircn.1t was granted right-of-entry 
to a portion of Air Force Plant No. 40 to establtsh a 
Logistics (Maintenance and SUpply) Depot for the 
Rascal Weapon System. Located in the township of 
Tonawanda, New York, this contractor-operated fa
cility, Figure 26, comprises approximately 50,000 
square teet of floor apace. The Alr Force approved 
a proposal for rehabilitating and equipping thl. la 
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Figure 26, Contractor - Operated Logistics Depot, AF PI.nt No. 40 
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dUty (or the atorage, maintenance, and distribuUon 
of GAM-63 mi••Il. component. and related equip
..ent. Approprlat. areas o( the plant have been 
parlltloned and outside (enclng has been erected In 
the Interest of military ••curlty. Deliverable depot 
items are being stocked and procurement of facUlty 

'1 equipment to operate the clepot 18 well under way. 

3. HOLLOMAN AIR DEVELOPMENT CENTER ., \ 
The final !light te.Ung 01 GAM-63's i. conducted 

at the missUe test range, Holloman Alr Development 
Center (HADC), New MexIco. The Bell Aircralt (a
cUlty and ramp area 1s shown in Figure 27. Also, 
conducted here are captive fUghts of missiles, guld.. 
ance tests and evaluations wUhDB- 36, DB-,n, andJF
80 aircraft, and {Ught. to famlUarlze Air Force per .. 
sOMel with various aspects of the Rascal Weapon 
System. 

Included In the BeU Aircraft facilltle. at HADe are 
laboratory, shop, warehouse, andmissUeassemblying 
~d servicing stations. The flight test program is 
supported by the HADC range instrumentation which 
includes Askania cinetheodoUte stations, radar track.. 
inc stations, a radar network, a telemetering ground 
statton, a mobile telemetering relay station, and 
moUon picture camera installations. Data collected 
(rom GAM-53 captive m,hts and hot firing. are re-

I 
duced and forwarded to Ibe Whoat1Jeld plant 80 that 

pertinent Information alfectlng design, performance, 

reliabilityJ and latety ot the weapon system may be : I 
quickly noted and integrated Into the development 

program. 


To permit the over-all testing of Jour misa1les per I.D 
month (I.e., teating at Ibe Who.Ulold plant, at AF 
Plant No. 38, and at HADC), 17 te.t poSitions (sla
tlon.) are utilized. All statlono have been modUied 
to accommodate missile. equipped with Ibe YLR-67- rl 

-BA-9 power plant. Stations F, G, X, and Y, modified 
for the - 9 engine configuration, are being used to test 
mtssUe No. 79. station H has been reactivated (or ntesting missile No. 61. 

At the request of the USAF, the target at North 
Impact Point (NIP) has been moved apprOximately D
four miles south. Work 18 under way to aUgn the NIP 
reflectors in azimuth and tilt. 

To facilitate the unloading of missUes from JB-50 n 
ferry airplanes, 12 inches of cement has been adde~. 
to ra.ise the bottom of the south loading pit. Hereto
fore, it has been necessary to deflate the tires and 
wing structs 01 the JB-SO so that the fullY extended n 
handling carriage could reach the mlssUe for un.. 
loading. This hazardous condition has nowbeenelim
ioated. '-1 

:-1 

-I 


ligure 17. nen Aircraft raeillt1 and Ramp ATe' at HADe 
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1. CHRONOLOGICAL LISTING O~ TRIPS 

... e • • • 

APPENDIX .. 

LIAISON 

2. SUMMARY O~ TRIP REPORTS 

a. Weapon System Project Office (WSPO) 

Destruct System. 

A preliminary proposal for a redesignedRaacal 
destruct system was reviewed at WADe in September 
and found to be generally acceptable by the WSPO. 
It wa. agreed that Bell Aircraft would prepare a final 
engineering proposal, including development costs and 
schedules, for review at wADe. 

Rocket Engine Development 

A confe rence at WADe in June 1956 reviewed 
configuration changes involved in developing a rocket 
engine utilizing IRFNA and defined C!ontr~ct cha.n&ea 
required. . 

b. Holloma.n Air Development Center 

RBS ~light Operations 

A meeting was held at HADC on 23 July to dis
cuss operatlor.al procedures for the RBS flights as 
they have developed since the beginning of the pro.. 
gram. Prior to the meeting, RBS flights were ob
served at Phoenix by Bell Alrcraft personnel who were 
Impressed by the trouble-free performance of the 
JF-89. The meeUng reviewed countdown specifica
tions at Phoenix and at HADC and found them compat
Ible. Navigation methods for the DB- 47 and .par.s 
problems were also discussed. 

Review of Complex Target at NIP 

In prepa.ration for the EAST f11ght program at 
HADC, the complex target at NIP was Investigated by 
Bell Aircraft personnel In July 1956. Information 
gained Is to be used In planning the program ",alnst 
the target. 

EAST Operational Procedures 

As ~reed at a conference on 28 and 29 June, 
HADC personnel wlll prepare a sequence of opera
Uons for the guidance operator in accordance with the 
opeutlonal concept. Other subjects covered .t the 
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conference lnclude: release aimpolnt selection, 
tracking circle of DB-47 at HADC, simpllfylng the 
guidance operator's functions, fuzing baro .witch.set
tlng, and statl.tlcal data on wind speed and cilrectlon 
on a yearly basi. at HADC. 

c. Bell Aircraft'. Wheatfield Plant 

EAST Program 

Testing at Bell Aircraft of equipment to be sent 
to Eglin AFB for the EAST ground phase will inVOlve 
performing an operational countdown check on the 
checkout traUer (serial No.3) and ml ..Ue No. 91. 

Destruct System Changes 

Destruct system changes planned prior to the 
next firing were established In september 1956 and a 
schedule of beacon requirement. was aet up. No 
change in missile firing dat .. was anticipated because 
of these changes. 

Repackaging 

A series of conference. was held at Bell Air
craft In Jun. 1956 to establish a cour.e of action for 
procuring repackaged units from FTL for u.e In the 
A program. It waS dectded to base the future of the 
pL..e I progrlm on final flight teat relUlI. of the 
present system. 

ANIAPW-17 Guidance Systems 

Problems attached to maintenance of sYltem 
No. 107 at Boeing/Wichita and the need for a l ub-de
pot were reviewed in June 1(;58. Temporary lIleg
ures to provide adequate maintenance were e.tab

lished, and, depending upon USAF acceptance of Bell 
Aircraft policy, further study of maintenance on a 
long-term basis was planned. 

Servo Component Changes 

Ii. meeting was held at Bell Aircraft to deter
mine action necessary to incorporate changes in servo 
components in misslle No, 91 as defined by ECC 
GAM-63A-1438. A review of the black box schedule 
established that it was possible to secure parts in 
time to incorporate the changes into mia81leaNos. 91, 
95, and subsequent. 

RCA Magnetron Tube 

Studies of the AI016 tube usage were made at 
Bell Aircraft In conjunction with RCA during July and 
August 1956. Three out of four tube types success
fully completed acceptance tests. The unaccepted 
tube was returned to RCA for evaluation. 

RCA agreed to send a memorandum by 1 sep
tember 1956 describing the results of their evalUation 
of cer tain equipment design changes made by Bell Air
craft to Improve tube reliability, such as the ferrite 
Isolator, low impedance output modulator, and r.e
duced accelerator grid bias. 

Inertial Guidance Power Supply - High-Power 
Radar Bet 

It was dccided at a conference in August 1956 
that the cur rent redesign of the servo power supply 
would be reviewed to determine the changes neces
aary to COMOlidate (1) the 300-volt supply for the 
tnertlal ",Idance system and (2) the servo power 
aupply. 
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