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APPENDIX D (cent) 

PAR?' n DIRIC'TOR AIRCRAfT 

ObIIerved RallabLllty(l) Airborne IblJAblllty Goal 
(ID Pu Coot) Un l'orCenO' 


SWleysl • .., """ Component 
 nelll" IIAD"" ~r.UOll&I 
PhI.••T..14 PhRH···· 

Relay Link 8ubsystern 91.82 ~.ZSn.~ 

Polyoocie Orlvor g8.8998.43 $'I.U 
Relay R..eceivDr n.3Q 117.211 98.T. 

IAdlo }'requenoy Hea.d 
 ~~.88 GG.3t 9MB 

Commanc! TraallDitter 
 ge.?Sn.o~ 119.43 

Relay Ant.""", Control Panel 
 lDO 99.78 911.90 

RI>lay Ant~nna aDd Mount 
 g9.~7 99.81 

a.lay AnhMa. Servo An,pll!1e,' 


99.68 
98.39 99.171~·8S 

99.11&l'nwe: SUWly 99.91 

AatomatLc Checkout Subaystem 98.39 


Cbeck A•••mbl~ 


!!S.H9f·~2 
98.51 99.311 


Coatral p."el 

9~.81 

100 99.87 99.94 

""ndlon lodlcotor Panel 
 99.84 99.93 

Seledor A",sn,bly 


9V·85 
98.21 99.19ll5 

9,.9SAwdll..y su.bs~stem 97.55 95.~9 
I 

GA){ Control Panel 99. 78 911.91 89.9B 
I.ighl Control Pomsl 100 1111.96 99.98 

p.,,,.r Control Panel 
 :)9.~7 99.91 

Checxou! }>an.1 No. ). 


10~ 
99.91 


Uhecl<ool 1':>.nol No. 2 

99.eo109 

SUS 

Checl<out P>me! No. 3 


$S.8?lOll 
99.89 SUS 


.1'uncHon Bo~ No.3 
 l~;.as 90.87 

DlrectlQllaI Coupler 


99.n 
go. 96 


Barn Adjust .Panel 

100 99.91 

lI9.M Sa.99 

Coml1l1olld tlcro Partel 
 !~.S2 99.M 99.93 

Ca.p.ule 
 99.08 99.59 

Guidance Pewer Shield 


Sp. S4 
99.H ~9.'f59~. 55 

Wavogulde SWI!ch 99.98 90.90 

Blowors (Two) 


9,9.86 
100 99.~6 99.98 

Interconnecting Cabling 98.l3 99.20t·H 

Illrctlor Aircralt Guidance Syatem Mloc. (2) ,9.08 
DireclDr Aircraft Misc.lIanoOlls Syslem 98.21 ~3.a 97.1 

Mi<l~!le Rel•••e NavigatIon Computer 

Subsy.telll 
 Ja.66 93.S9 S'1.22 ,I 

gg.~o 


MlssUe Release Co",pnl~.. Amplilfer Unit 

Mis.ile Releas. Compuler 98.H~9.73 

9~1.~( 98.30 

lAunch J.'ane~ 


~9.06 
'99.92 


Oft••t P2nd 

DiT.S2 
011. sa 9~.!!ai~ 

1(10POllor SUpply (A-I) 09.5.:1 00.79 

Fuss Ho~ 
 99.SB 99.93 ~U'1 

1I 1I,yd"'l1hc (GAM AssOclaled) &JbBystom 9 1h US.!!l911.114 
•
 

l>11ec(rical (GAM ASSOCiated) SUbAYI.t~m 
 gP.Sg .. gg.91 

l'ldd leSls bosocl on GAM No•. '15 to 11'1 llYJ OOIr£,f"'!u,g DIrector Alrcrd! system•• ..'" E&labJJ~hed /()r airborne ml..IU~. ual,,!!" GAM"HOL f to l()l• 

V9.9a 

t ••• EAubU5lied rO~ IllrlJorne mIllions u.l~ GAl( lto•• l'22-1~i ~nd ~Ql-2'2. 


}101M !ll 
 In<:1u<f~d Ih thue llIlabllity c~~ul:l.Hon. wllr~ ta.l!l.lt~. C~\lnrl by hu/:fti'Ji 
treors. Inaj"'J"U~ mklilt_ •• ""d Ila,« prot:C<i.trta, U Wtll ... 
by ,r.hcren! u~r~lJ..bllIIy ol oq"!pll'l~nf. 

l2'___ I _(:,-",\"lr..9 A,Alem r"UllI~. which cilolld Mt be plllp<llftied to;>llY one CO!l\pi)l\eJit. 

_ !ISS: Ii & 
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APPENDIX D (cont) 
PART I HISsn.B 

ObUrvM ReliabU1ty(1) .Airborn. RtlJAb1Uty GOal 
fa lIn Per c.n~ ~Irt Per Cen~ 

Subsystem and Co:mp<lnomt otol'Y"' aidU pD' • operationai

Tub Teat. Pta•• 
 Phu.··.. 

Fuzing Syltem 	 100 100 IIcq ~t.'7 

·Pressure SUbayatem 	 100 100 Sill. '71 IIi. 87 

Pressure Mantfolcl and Tubing 100 100 9,,118 1111.19 

Timers 100 100 GIU8 00.08 

Arming Baro 100 100 lIa.IIS 911.IIB _ 

Fuzing Baro 100 100 119.SIf III1.a, 

Battery Box 100 100 811.98 1111.98 


Impact Subsystem 	 100 100 91UB ill. as 
Contact SWitches 100 100 99 ~ ~ a9.93 

Contact SWitches 100 100 89.8'7 99.04 

Contact Switches 100 100 99.98 119.98 


PART D DIRJ:croa .AIRCRAFT 

Director Aircraft Guidance System 	 81.96 7".3 87.6 

Terminal Guidance Control Subsystem 92.QO 87.g2 0'.41 
Synchronizer 98.01 96.89 98.60 
Synchronizer Panel 100 99.87 99.9( 
Range Computer 99,76 97.52 ~f1.a9 

Altitude Panel 99.88 99.89 99.95 
Range Calibration Panel 100 99.73 99. 88 
Elevation Computer 99.SS OIl.IS 99.8"­
Dive Panel 100 99.52 99.92 
Computer Control 99.5S 99,31 99.GB 
Junction Box No. 1 100 99.~8 99.97 
Power Supply 98.94 99.53 99.'19 
Voltage Regulator 99.76 99:00 99.55 
Azimuth ami Elevation Indicator 87.M 97.iB 119.09 
Monitor Unit 99.88 9&.82. 119.47 
Junction Box No. 2 99.88 99.80 99.91 

• Factory h,sts b.l.sed on GAM Nos. 75 to 2Zl. 

~* Field tests ba:sed on GAM No.il. 75 to 117 and corr8spond1nc Director Aircraft systems. 

"'t", E!ltabl1s11ed for a.irborne missionfl ullng GAM NOl. 7!i to 101. 

"',. .... Established for airborne misBion'l.I.ln&' GAM No.. 1~2-13~ and 201-~22. 

Notes (l~ 	 Inclucled in thUe reUablllty calculation. W'ue 1aU\l~" caua.d by hUlllan 

nrar., inadeqlli!.t. mdntenanee, 1Uld. Inl.dequatt proceQul''', 1.1 well ... 

by Inherent llnrilllblHty 01. equipment. 


(2' Cont. 1M ttltlm fli.11uru 'llrhleh could not be piilJ>Oint.d to allY one cornJXm.nt... 
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ApPENDIX D (cont) 


PART I MISSILE 


Observed Rellabllity(l) Airborne Reliability (loal 
(In Per Cent) On Per Cent)

IU&I>•••Field··Factory" OperationalSubsystem and Component 
Tests PhaseTests Phase..•••~ 

86.1385.10 93.0 &6.8-GAM Auxiliary $ystem 

90.37 88.87 94.'74 97.62 

Main Junction Box 

Electrical Subsystem 

99.63 99.15 g9.62 
Forward Junction Box 

99.87 
99.9799.97 99.55 99.80 

Servo Amp._Junction Box 100 99.89 99.95100 
98.75 99.93100 99.97seq,uence Timer (Three) 
99.94­ 99.91 99.98 99.99Sequence Timer 
99.72 99.79 99.55 99.80I. G. Inverter 
99.89 97.55 99.98 99.99Alternator 
98.52 93.60 99.53 99.'19 

U.mbIlical Plug 
Voltage Regulator 

99.9399.82 ~9.97100 
I99.52 98.84 98.07 99.13 

T-r.ansformer Rectifier 
Interconnect Cabling 

99.94 100 99.96 99.98 
A-rtitude Sw:ltch (Three) 100100 99.96 99.98 
Delay Timer 100 99.9393.94 99.97 
Pressurization System 99.90 99.84 99.93 
Lower FIn Installation 

99.98 
100 99.87 99.94100 
99.96100 99.75 99.89ForwaI:d Instaliation 

99.93100 99.97 
Ct!nter Installation 

100Warhead Installation 
100 99.91100 99.96 

Aft Installation 99.85 99.9899.98 99.96 

9'1.54 96.62 99.aS 

Roll Stabilization Installation 

94.25Hydraulic Subsystem 

100 99.75 99.89 
Aft Accumulator Installation 

100 
99.81 99.87 99.94 

Center In8tall~t1on (Pump and 

Reservoir) 


99.96 

97,9'] 99.62 99.83 
Warhead Installation 

94.27 
100 99.99 

Forward Installation 
99.96100 

99.61 99.57 99.B1100 
100 99.B2 99.92100Antenna Forward Installation 

99.38 99.4699.92 99.76 

Actuators (Four) 

Fin Fold Subsystem 

100 99.8'1 99.94 
Hydraulic Valves 

99.95 
99.63 99.9~99.Sot99.98 

99.98 99.99 
4·Way Solenoid Va.lve 

100100Solenoid Shot-Off Valve 
99.96lOO 99.98 

h'Witeh lnstal~tion 
100 

99.93 
Swlt.:h Installation 

iOO 99.82 99.96 
\)9.91 99.9B 99.~9100 

99.09 
Tubing Assl'!mbly 

99.98100100RestrictoI' 
100 99.91 99.96100 

9~.5a~9.98 ~ -GAM AUXiliary S)-·stt:'n1 MiSC. (2) -.
L-=--___ _ - ­ -
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APPENOIX D (cont) 


PART 1 MI.SSILE 


Oblilerved Rellablllty(l) Airbo~~e lteliabillty Goal 
-(In Per CenH rn Per Cel1t\ ' 


Subsystem and Component 
 lUoO..>t<·Factory· f'IeId·· Operational
Tests Tests Phase Fila••••..• 

98....GAM Non-Blnanallng Guidance 98.5 96.6 99.3 

Inertid Ciuidance Subsystem 98.82 9B.3898. ~6 99.27 

99.951.G. Accelernmeter 99.94 99.96 99.98 
Rlinge Integrator 99,3'1 99.48 99.60 911.82 
Velocity Integrator 99.78 ~9.48 99.62 99.83 . 	 99.97 99.4099.891.0. Power b'Upply 99. '13 
Dive Angle Compute)" 99.51 99.74 99.9199.80 

99.95I. G. Syl!ltem Miscelhneous 100 

89.85GAM Enianating Guidance System' 9:1.8'7 83.8 92.4­

Unattended Search·Ra.dar Subsystem 95.98 9•. 42 90. 60 95.69 

R-T Unit · 98.80 97.0198. 87 90.65 
Modulator 98.29 99.23 

.Synchronizer 
99.61 89.35 
99.40 98.85 97.35 98.81 

99.18 9», 62S. A. and Synchro 99.08 99.83 
D1.l'ectional Coupler 99.98 100 99.-89 99.95 
SV5D Valve 99.95 99.75 99.89 99.95 

99.98S. A. AchLalor 100 90.08 99.99 
svll V;;.ive 1)9.61)99, '[6 99,89 99.95 
Hydraulic Spin Drive Motor 99. S't 90.49 99.98 99.99 
Elee. Control Amp. {Pitch and Spin} 99.87 99.'72 98.80 99.t6 
Azimuth Comjl\lter 99.92 99.80 99.5'7 99.81. 

95.16 'Relay and Command Subsystem 97.79 96.53 

Command Unlt 

92.40 

99.24 98.83 95.25 97.85 
Relay Transmitter 100 97.16 98,23 99.2IJ 
Relay Ant..n ...a 99.!lG99.95 99.98 99.99 
Waveguide and Oil'. Coupler 99.95 99:95 99.93 
SV5D Valve 

99.8" 
99.94 99.50 99.89 99.95 

Relay AnfelUVl Actuator 119.98 99.9999.98 '°9 90.8299.92 99.60911.9'1R. A. Pitch stabilizer 
9D.all 99.53 89.79 

Relay Antenm. SynC!hro 
99.91R. .A. Pitch Controller 

99.90 99.G8 99.99 
Relay Antenm. Altimeter 

-99.95 
100 100 99.98 9S.99 

99.1\8 99.65 Emanaung Gutdllnco By5tem Misc. (2) I .. Fo.ctary tests baaed on GAM Nos. 75 to 221 . .... Field tests based on GAM NOB. '75 to 117 and correspondJ1Ig DIrector Aircraft systems. ..... E~tabll!Jh~ for alrbcrne mhlslons using GAM Nos. 75 to 101• 


~.*. EstablisheII lor alrool'tle missions using GAM NOli. 122-13-4. and 201-222. 


Nol~s (1) 	 Included in these rellablUt)' calculations ""ere failures c:&uaed by hu.man 
c)"rors, inadequate maIntenance, and lnad~quaie procedures, •• -well as 
b)' Inherent unreIlabUlty cC equfplIlent. 

(2) Co.ntalnil aYlItem faUuru which could not 'I>e- pinpointed t.? ;l.ny OM component. 
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APPENDIX D (cont) 

PART I MISSILE 

Observed Reliability(l) 
(In Per Cent) 

Field.....Factory~ 

Airborne Reliability Goal 
(In Per Cenft 

Subsystem and Component 

Flight Control System 

Servo Power Subllystem 

Servo Power Supply 

Pitch 

Pitch Accelerometer 
SV3B V':tlve 
Pitch Command Modulator 
Gyro Cathode Follower 
BV Pilot Pitch Amplifier 
Elevator Potentiometer 
Elevator Actuator 
Altimeter 
Altitude Control Demodulator 

Yaw 
Rudder Potentiometer 

SV5 Valve 

:Rudder Actuator 

Ya.wGyro 

SV 1?ilot Yaw Ampiifier 

YaW Accelerometer 

Yaw Command Modulator 


Roll 

Aileron Potentiometer (Two) 

Aileron Actuator (L.R.) 

Aileron Actuator (ll..H.) 

SV5 Valve (TWo) 

Roll Rate Gyro 

SV Pilot Roll Amplifi er 


S1;<lbie PlatlOl:m 

Stable PlaUorm Pitch Amplifier 
Stable Platform 
V~rtical Gyro Erection Amplifier 

Flight Control System Misc. (2) 

Tests 

96.58 

99.55 

99.55 

99.12 

99.91 
99.89 
99.72 
99.93 
99.£J7 
99.97 
99.98 
99.92 
99.95 

99.28 

99.95 
99.93 

100 
99.72 
99.91 
99.99 
99.82 

99.11 

99.88 
99.93 

100 
99.70 
99.91 
99.70 

99.46 

99.96 
99.67 
99.P·3 

99.86 

Tests 

95.08 

99.39 

99.39 

98.86 

99.85 
99.88 
99.76 
99.96 
99.68 

100 
99.80 

100 
100 

98.72 

99.66 
99.88 
99.93 
1)9.89 
99.96 
99.55 
99.84 

98.66 

'99.93 
100 
100 . 

98.00 
100 

99.72 
I 

99.36 

99.80 
99.68 
99.88 

99.96 

R&D"'''· 

Phase 


94.1 

98. 89 

98.89 

98 
. 

99.98 
99.89 
99.64 
99.80 
99.44 
99.98 
99.98 
99.98 
99.87 

98.82 

99.96 
99.89 
99.98 
99.93 
99.42 
99.98 
99.64 

98.96 

99.98 
91l.98 
99.98 
99.75 
99.93 
9'9.33 

98.76 

99. 51 
99.66 
99.57 

Operational 

Phase···.. 


97.3 

99.50 

99.50 

99.35 

99.99 
99.95 
9C.84 
99.91 
99.75 
99.99 
99.99 
99.99 
99.94 

99.47 

99.99 
99.95 
99.99 
99.97 
99.74 
99.99 
99.84 

99.53 

99.99 
99.99 
99.99 
99.89 
99.9'1 
99.70 

99.44 

99.78 
99.85 
99.81 

. 

78 
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APPBNO!xJ) 

COJIIPAImION OF OBSJ:RVI:D RELlAlllLITll8..uro l!II!T.J.BLUlHJ:D R&LL'lBILlTY 


OOAl.8 FOR TACTlCA.L RAllCAL 8VeaY8T1:MS ANl> COMPQNSKjW 


PART I loorIA8lLl: 

I)!)ae~od ~IIA~:~[ty{l} Air1'O~~ ::;I~~::Y ~IIn Per Callt 
Qlbooy.tem .... Component -un'··'aclory" ,,!iJlIU 

~~~lTe.l. Te:.ta P~1e 

75.78Pro))UlslO1l 82. \10 1I!J.2 lI~.ti 

NltrcgeJ1 Bublyslem 100 
 92.58 98.27 99.:&% 

N:z FIll and .JeW.... 

Reller V:t!ve In.olallation 
 99,91100 
 100 
 99.96 
Regulator Paclcage A.8ombly 100 
 9&.n 99.'15 
Tube Bundl. In.\aliation (Tilne) 

99." 
100 
 95.49 9~.13 99.61 

Aft Bomber Compartment lao 119.T5 SY.!l1I100 


112.59 gB.B~82. 90 91.01Tu.:rbIne Pu lPP 

98.47 99.63 89.711Drive A••elr1bly 93.9~ 
88.25 00.97 98.09Gas Gener.ato~ Pac::ka&'e­ 8B.H 

Power Control Cyl. Any. 100 
 99.98100 
 99:88 
C::able A8sembly laO 100 
 99.86 09.85 

98. 97 99.75TUrbin. Pump J.lI..I;c:ellaneau8 100 
 ".81l 

100 
 U.Z9 uU.n'l'hru,l C,,",mQel' 90•• 7 


100 
 88.78100
Thr~.1 Cham"""."••)". ('1'llue) 99."5 
98.47 119.&4100 
 88.938y- ft•• Valvt!. 

100 
 · 100 
 99.86Th.rUBt Chamber IIhu~eU.;mflou, 89.85 

l!:nginn M[1!Icellaneou. 95,97 98.01 99.10100 

100 
 100 
 99.96i'.xhsusl DtJet OO,lIB 

sr..rt Tank I1Jl1 V;IV" (,",ree) 100 
 99. 91 99.115 
Drain Valve. (10) 

100 

100 
 100 
 99.BZ h.92 

Sequence Centrol A..embly 100 
 100 
 99.37 18.72 
100 
 98.47 99.11 99.tl3Eledrical Hilme" 

9g.899B.4.7 99.15i:ngJne M!acellaoeoull 100 


ps.g.09,811bo 100
MIssile Install.atlon 

g9.87 pg.~100 
 100
Mlssl1" JnBlallallon 

100 
 94.03 9a.51 99.33Propellant Storage 

100 
 100
O.ddl".r Tahk A••embly 99,'9 9a.77 
Fuel Tank A.sembly gg • .w100 
 99.7398.''1 

99,88 
P"opell311l Fuel Jotlacellanooua 
lJropoUant Oxldlzer Ml:SC1I1l1lneOU3 100 
 95.48 90.73 

100 
 99.a9 90.95100 


PropulSion Syetem HI8ceUaneo~.(2)· n ,4? . ­100 
 . ­
J--. 

.... ... .. Factory lest• ..,sed on GAM 1'108, 75 to 311 . 


Field leela ""aed: on GAJ,! No•• '15 10 U~ and corresponding Dtre.lor Alrcrall system• . 


ll:.labllabed lor :l.irborne ml••!on5 ualng GAM 1/0• • 'lS to 101, 


..4 .... 
 E.tabllal!ed lor ..1.rbornc ml..lon. Using GAll NoO', 122·134 .ncI 201-222• 

Not•• (I) Include;:lln the.a yellabUily ca.lc\llatiooa were fa,llureJl caUled. by hUMan. .errDrs. 
lnlileq~.te mllntcnanc•• and l .... dequat" procedure"••• well •• by In .... nnt \IIi­
rtllJlbtlUl' 0{ ~ulp.n~f:. 

(~) ContaIn" .y.tem f ..UlJ:r~. Which 'touk( not. be 'PlnpointM \0 uy QII!)" CODlj)Oneftt. 

7"1 

http:lnlileq~.te
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APPENDlX C 

LIST OF QUARTERJ.Y RELIABILITY REPORTS PUBLISHED ON THE 
RASCAL WEAPON SYSTEM r 

Bell Aircraft 

Corporation 


Report Number 


56-989-101 


56-989-102 


56-989-103 


56-989-104 


56-989-105 


M-·989-106 


56-989-107 


56-989-108 


56-989-109 


lj6-9B9~110 

56-989-111 

56-989-112 

56-989-113 

56-.\)89-113* 

5fl-989-114 

66-989-115 

56-989-116 

56-989-117 

56-989-118 

56-989-119 

56-989-120 

* Supplement 

Name of Report 

Project MX-776 Quarterly ReUabllity Report 

Project MX-776 Quarterly Reliability Report 

Project .MX-776 Quarterly Reliability Report 

Project MX-776 Quarterly Reliability Report' 

Project MX-776 Quarterly Reliability Report 

p.rC)~ect ¥%,'l16 ~fterly ~liability Report 

l>ro}ect MX-776 Quarterly Reliability Report 

Project MX-776 Quarterly Reliability Report 

. Project MX-776 Quarterly Reliability Report 

Project MX-776 Quarterly Reliability Report 

Project MX-776 Quarterly Reliability Report 

Project MX-776 Quarterly Reliability Report 

System 112A Quarterly Reliability Report 

System' 112A Quarterly Reliab1l1ty Report 

System 112A Quarterly Reliability R eport 

system 112A Quarterly Reliability Report 

System 112A Quarterly Reliability Re~rt 

System. 112A Quarterly Reliability Report 

System 112A Quarterly Reliability Report 

System 112A Quarterly Re1iability Report 

System 112A Quarterly Reliability Report 

Date of I-
Publication I 

28 February 1954 

31 May 1954 

31 August 1954 

30 November 1954 

2B February 1955 

31 May 1956 

31 August 1955 

30 November 1955 , . 
.29 February 1956 L 
31 MaoS 1956 

31 August 1956 r 
30 November 1956 

28 February 1957 

15 May HHi7 

30 May 1957 

31 August 1957 

31 December 1957 

31 March 1958 

30 June 1958 

30 September 1958 

1 May · 1959 



~. Report No. 56-989-120 

APPENDIX B (CO!oITj 

Co.t.Jory
ole_I!••po..alblillyDlrwc;lor 

lor C._ Q(Typo 01 orGA)! Alr.roft 
Obun.d~..dl.lF.AUureFII.hIllumbeTtlIte ".nUNNo. 

" 
113 1 ..2 • • & 1&0 Abort s.ll 

lion·",,11 

113 1-1-58 34e L.wnch ~ll 

l(olt..BaIl 

114 'I-ali-58 He X.•..,M Btll 

Boll 

Non· Dell 

US 8-22-53 181 L.WlM Non-Dell 

116 9-U-58 187 Lawu:l\ Non-Dell 

11'1 11-2"5-aI 1•• ....bo.. ""11 

I 

C (I) A\It._I~ ._kcul 
11"Rm alOR>Od oJ 
the ~., I:(C ,heck. 

it. (2) lI ...11t.'ael.'1' Ii­
band boacoa 
d..t1'\Ic:.t. 

11 (·1) Ho ylOoo dllplay 
durll1l' prell.Wlohj 
..I••U. 1.....1>cd 
DJ\ (Mt1..lal tu1d­
anee .yattat. 

A (2) AlrbllT" lIuotl.d 
01 pl>nlWd Il'OOlIci­
bural. 

Not.~ Bocc....yl 
IMriW Illt/!t. 

C 11) Sltlliaetory pre-
h,unch: IJI) ~l.,. 
link ••tablla.... 
att..l" l&a'Klh. 

B (2) 110 Vldo<> 4"Plari 
001l,U.......acbe-ct 
tamt lrea oa. 
1Der!1aI .,udMce 
_,..tIm. 

lI~.~ S<!cc...1111 
lJ>ortWlI~t. 

A (3) A1rIxIr~ wt."" 
01 planned 1J'OIU14­
burlt, 

A GAM be.cP'Oe W\.table 
Imm.dJ&l.Ily all... 
J&\l;lU. loHowltti, ••tJII­
ladory pntl.~eh. 
oper.Uon. 

~ GAM boec:..-n. u,q_l"ble 
It1aunch. 

C The 3,\ltl1fnaUc cMck­
out aJltem .topped iii 
Iunctlon No. 10. 

lfotel J)aflnJth;n Qf cat'.J'Ort.. of Cau... fQr Qn..uc:ceaalw" 'M1..lon. 

Cah",ry A • In&dequ..... tDitltary fleld ma.il\tlll1IlDCe, rmc- IIq1,POrt, .."d lIeld JkpPDrtin, IIqU~~llt.. 
Cot.,oryB - ln~~ Cold.r&elor m&mlentlnCe p7oeectun., tt,\ proceuel, AII4 tethn1c&l.upgdk't. 
cuero..,. C - Z:qlllpmdnt faUor.. ""d poaalbl••qulp ....nL 1.lluna (Inll....nl U.rellabUIl}'), 

c~ o( ',UUn!­

Tho U __ sI'wer ..ll.h (IC·nl) In 
tM director .aLI'Cl'aft Nlfclor ""...mbty 
would AOl raMt; detecU".. . 

Gl'OUI1i:1 rJ4a.r liliileItlU ... 

.I~u.",.u. ,1111 'oo.l.....l·prob!... lA \he 

U8R .y.leM due to fll.J:hC. OY~I" water 

Cagrae. 


tncorrect wlrlDlln c.lrcwtry 10 warhliL4. 

Hyme.I'OU c)w!clu: ,..ere t1Ul on d~etor 
alrcralt wtibuul pinpuinUq tn. .,roblam. 
II .ttc:-klni'iWAYIll\JJdt Iwlh:fl w.u JOllllcl 
taler "'Whlc:>. m_,. ha.ViI!: cau.ed lh. problem. 

AulomaUc lauHiiontrol J)robltlm 11'1. UJ. 
U8R nboyatcl1l 4 .. to IiLlht over woin 
COUZOH. 

lncmrncl 'III'1rbl( in .c1rcliltry to 'Warhead. 

Hydraulic ay.tem taUure au.peeled b.t.. 
cau..e Of leakqe ~H'ff:d prlGr 10 takl· 

"1, 

Attr:J~hu{ 10 \hi 10•• of U)e rolJ rate 
gyro _lenal, lH.Hd 01\ I!ODlp.der t••t. COn­
ducted du" the iHKhl. 

Ml..U. did no( t,..""lorlo Internal power 
or phaalllA" power ..11& to.li probably 
~ to mil-llle Il.ltmatDt or 'Yalt~ I'
reIYlalOI" fulun. 
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APl'tNDIX II (COH1) 

ellerory 
DlJ'ec:lDr Rupe.na'~UUy ~(c,,,_ 

GAM 
""- DlI. 

.Atrr;.ltt 
Numbe,. 

'lYPeo/ 
71lr\'ll 

Cor C&\I,e 01 
TanlJ~ 

VC 
1'1IUure 

. 01 11-10..51 181 "'"..., Non. llli A .Pnla'tl.,ch ~nuon 
ulldloelo,,.. Irnn)a­
cllatdy prilJl' II, dly.!, 
mt..~k wu. npori.~ 
1II.I,tNlhe ../et" 
~»'4tlllDf.t».dw¥ 
~nIe'eli. 

Ufo A Pr~l&W'1dl open.Uon 
.atll"a.eI0l"J'i rOC!:kel 
ell~ab.lldo'*JlIl 
"IP , cJl.lmaltly JOCI 

118 1-1S-4S ,65 .A..... Be" c 
"tcoa,'" "Ifir laW'lch. 

\l} Loa. DJ ••arcll 
wtnn..."ndU'Cln.. 
InUCf"la.nd:~r.eM­
IDa: marki!!r :lhUL 

cat }fo S-baQd bc-aCOli 
tl'Ulldq- Or ~ .. 
It"U:' _IIH:il. 

(S) Werzr!iUenl L­
buui beUO,. de~ 
alnnl ch!CD. 

110 10-&~58 .... )tlA-lllk waWd 1IrIII' U­
lea-e. either &\lk)m1IL~ 
hi ,lIy or IT"ID'IIaJly. 

••• ...." Hon-BeU .. Ah"Clan hJ'fr..uJlr: 
pre.'lIrt'VU 10-'. , 

III I .. O..:ilI .... Abort Avlam.rrc coI'IUol 
· 1.c.eJll ..I~'J.l 
•" ·"he... neutral. 

18? RDft-8eU (1) DlItj~rty !n IWI!" 

1.IE tile "'lay~­
~drcr durinr 
pM!(.llIIIeh~ m5.­
_lie Inncll~d on 
'I!erlb[ ruldlllfo?! 
'y,1IIII\. 

Dell n (2) <I'tI1!! CAM 'btU.M~ 
tItI I111b lo 10 set;:.. 
oncb ulcr dive; 
J:C' lulbcJ!I.ql!l 
Jl,l'UI. 

-----fJ"etmFloemoo: .. 

C:L\l4IJ o [ Flollure 

OA." hwte"oJd oll COu.." pPObab\y lful!i ,,, 
..... opt'r-alor ,,&YI IIUonal .ryur qr alan.. 
'lire ollhe K-f .iY"CM. 

OXldJuJ IllrYU'on ttl tile ... (tll\.J'IltoJ' 
~ to II", hod Iholt1ut pt'nonMl cHd,..at 
cb."p 0lIl ,u r4lnuztor tille-I' ~ r.COCll­
nwt'I~cf b!I' t.d.,iJaJ Npr..at\aJ)"u. 

V·(jf}:l fn tllA .pln ddve _mpWtu ~J.uCl 
u;. be lnopril!it<1llvr.. A.rnpm'e("~ "I IDin &rid 
'till",.; "'..ro TII:.phccd. 

O'R_2' (11<1'7) "'" lound tell be- revClled Ifoe 
to raUu.rt:. to d.cle:ct 1M. dl.crepaJ1Clf OA 
pn.ulOUIIII lI.ompaUblllly t• • l (f\-"~51), 

Ol'GUQd r~r ttO\lpl~; P01l'1r output law, 

Tl'Ie. n il", ollhc OAt( u ·lea- .,..Iem 
jft lbt. d11'h:lor alrlJrafL .... out 0{ 2d]n.t .. 
n\tnl. Tht. miNlIt ICcrdil!:KAlly releUf.cl 
17 ,se.&:ondil "JIter tubJl:W! _hdhSoWII • 

A :lcn.dr1wc,. ... thnnm Into 1M ,...t\lli!l 
....u d\irlna taltllllalf ud 9W'lctu~• .s 0f'I1! d£ 
.~n: ~7drlJllLla JlM._, .,.r....tl.t 'Val JeDI.. 
nlMd (or Cd••Ii.ly. 

Y... ~mlltan.d If:ra pohnUua::.Iler lIul fir. 
,aw D.C• .J.tllplUfu b41MC': • .,~ OIll Df 
all.lU-flJnlnt <bI: 10 tnMeQUlle mlLAUnQu• 

The 'UIll6l mot.tu ... p-""" rtu.t (0 , 
dell!tllw. or d1mqlltil ,.,..lnl cable lD the. 
d,Jrcl:l0r a(reran. 

'J\I.-hln< P"n19 ~ilVhaUan !;..vatld 1r)' 1m.. 
Pl"ODCr dnln&l't pr1X:Qdure. 
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APPEHDIX B 


SUWllARY Of' E'115'l' AIRBORNE: OP;:ft}.'r}()H$ AT ECit.nr ATS 


ell,."". 
tt-~.f\lltuy a'C11&M:D!tt.t.IQf' 
lOr CIIQI or orn"IJC.oJA"l!flA0." cWMDlhllul"lat.crwd "'u",luHlllnblr J'1Lllf.!" '21111.'"H•• "",,,llo" 

A n .ll.llar 11\ lhe Mjh. ,'OUace '\lHly had(1) Bloo.=lr.( prtM. 'KtIft-Bdl J.]·1t-U'02 'n lu:.d In ,m"rMt cu....d tJ,r IIWWqule . 
saul'har.II ..W,llltn 

.­ h fkw'l 00 tht Ll I-
1nl.lllll llKlC. cen1rol. 

lIIdJ~or. 

())lfl)l':r.IN1Oftl1lt son lilt:. 'Y-21l~ ) •• IUJnu.i. iJ.I ­
,,:b.,.~'Iv.r 

r..J' 
.'110), Jl.. II!S NrGld "t. IA~ [lIba' 

LnJ1C, (V-IUt) ILbM hue. 
Dlll eUn I IU.I:i(] Hble ftom u.a "V' band' 

lI1IU. n.l Intc1COId­
J. CJ} Wtlt~We...lhil -&II 

bra<;on IUII'M I , 

lItt l1r..aJ. 

Bell 'O'lIc.Uvem ......e:lnll, 
ltIlllfr ai.......lre" 
.nd[u11oa.'Vuou. 
NJIoI.OM.HI' ­
rrte.t., 

(4) COf'llirlaJd tru.­

"I'h. hJduuue pump buI&nd : 1'4.111"",_,.. r.o.. Dlh,dnllUc3_1.1_51 ).'tzJd n,,'l'02 11\01"9 .balt lD (hl!!U [tonrtit!.JIII)¥.Is1nl 
aAuhlr:blntlln. 
(lr,sauu 't.1i H:CQiI* 

• .t1&r I8 La1lll.I:ll). 

AUentl.tor/.,oll&Ke. "'~a.lor lWItUtOl ...lA y oI., ldta , -1c"a!eISS Abo...11-'-56 "I''0' hi CJ.IJa'O 01 f.Uutll . 
lto:L r. illY p~c "A" 
PM',,-r. Llt.u.. "A" &til'­
cull hnn.r'W'N ~• • 

.tre~", TIM nct,,, 

1)r"1(11 pdbllflllltAfr- FCllrce l'lIl.IPNht.11_ )1_9 (llB.u.c.... 'WtNA..... ~c"-a.n'U'OS !-blllll blKD:rI l"G\'IIln.d modJJJnUDII• 
....OftcOfiUAIlGUIly
""[1" ru.re . 

(t)Wtrmltl,nlclIlI1 ­

nddrlul.rlnrd-

l",pr'VP'lr.r~;,lI.. Or AlOJI :n1lof".ltOI'I .C1>0" ...... 
)ta, INa dtfuU,", dlJ~""1IoJ.d. ,.,.(J)l.OI. olc~Boo.lI C ,.... 'CIllftd"' .....tl'-l..."th:h. 

II:.......~ 'II&fIOrt prol!lr:m; dmpolJ\t tarpl 
IUlt«ls.IO)pt.· 

it) Ur.w.. htVIc. upNon-BI!lI 
"1.Ioot l.'UhJlI~ca.,,,,,,C'. 

{l} Nal~"_m..t.,.- r,wlu lro.d ..a.lIDII eqa,pJO"l..Non-Ae:II J.... .I.....1.. a-SS'01 
~nUt.cUAlo:r 

dulJ"',td .'pltt 
rrw.raqe. 

CaJ'Il!illM woWli hOI teJlflllll5lt ItOUII:l, blIl 
oJ:.1'I. l!I!IIul(VI 

(1) bllrollll~Dllu..c.,,' 
UIIU: w.u ~1M'II1td lI!I .. In tftdle.&tOr. 

uhnlltb ani .h.-
1r.u.,.h:llcUl. 

}l;nlbt.bt)' I ~.r...,. ..h:ar'lLK. NfI!! ­CI)"J"ta.&lLa ....ucf{OI.-13eJ.l...J -lO~1 10>0"'0' Jrop\lhIIOll.J'l.eUluu..1tUacllOl', 
dTdDOl ,he .. 
"nlcktLl'tt6j.. 
I1pt, 

clwclltllo.1lt,attm 

'Pf(llle!l' 1'1.[ iJelllftd III bf lft u)D\Ulh 
o! R.w I:lUE DlI 

(1) [nttnnUt.",llou:&0. S 
oIB.! d.YAlIltIlrtd1ulo!; c.anpoa~t ..... 

... lntUl"' .....a: .1I~ 1'1,I"':'tuL 
!fCll}ndlcl.(or. ,.. J.. wlR' In "ueWr c.,...llIe ... "",\.tll 

brMt! rr... 
No Ib:UnUa Deht­~ .llJ ..YI I/oo·BtIl.........
11)3 

dlolt 10 JftI.l"OfCr I1\L..,....U.U. 

l\cou\ul altl'l\eneni of tM t'.D. "indl.i-C"·,.. (1)t'M~rh.&t\1 .. 1'J_6e &11Aba"'0' lur w. to tu.dlq\IJJ. tm.lrd't111\c.9(1)00ft'oItcinotfMY'M 
(;1l~f9~U.lJ":t.e'IJ'fI(hlll.dla 

" .... f'Ilove~ 

»<11 ChnmSc nT' fraMI\ U\._rM:&te, n ••,11. 
Jltrrl.5Hcmlilf 

(]) Tl.IlblM ."11\ 1Iio'nl 
kra had bUll h:~r-op.rl". fluhtd)t(u .. 

1l!1IJIen.\ha. {ltfylou. ib:Irt. 'l'u.k bleellva1n ~ U: ­
Jllac:t ll,.. DtftcU.,. JllIdlnr lur 1I111cbll.llm tfI 

CG\IJilu4n lrAd
,.. (J) Dtr. cto:r .ul'C'rt.n._tHi NDII- J:kll10J ...'" 

Jm-f.1~ 

'h-~'l''''fI!r 
."hI,,~. 

'tMX-.OIl'tlAy'W". DgotnM to &1\ lA­(2)lfoYl~ 
J.6Iq.uJ.1r. ptoe_""'"­"'" ... UIlb.owa .\CIIlM" 9iJII&t.l (1M. abo,. ol
'the: u:.\DDaltc c.k'c:\.
J.24·~ 
 l10 
 "~r, 
 lI<" 
 ~-2f.-$I bl1cnrt. 'J",,~.Jn.: nltVln,. ~0f1-

"lIIlemlll-pfJ1I'.u· 
ovl .,.Icrc It\~d 0:; 

lrol;l...../I\lr .... ",IACH WUIIH Of 
1M-Ii iA p--n, foII ...tlo.., HWt ....... l}.Lt
~l.c~k.. 

tJ.e.l.aUa,. ..."--~~-.-. J
rll1prupt r jfrc.nlrlulhln 0.l1li to .. !5ttI.Q ­.tI, ~b(bn. ..IKLld.rDC,>:I,1)3 .I.~.~ ..,." ...... "" ellotelc,.Al,.•• ,., OUf{c.....U....JrIl c..,...:""f'POl11.Cf""'"A 'w"- t...nt-"l",elten-IMUII.'·10 ..51 'w" 1Mftl(G~~ A-nJ. 
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~1 .. t.l.... I.,.lJIc" · 
probJlM, 

TllIlLIurat[c.. I ~ 
pfOX_ IS~ IIleOL .... 'd-
te\- l;iI-»lrJl.. 

{ll 	Kot.olll'lwNliI co., 
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(2) autl .. nrttud
iJro"'.llI. 

LeI.... ttl ttlrnm&/ld 
OX\'t1: cl . 

1.0..- til ,1"'0, 

~t4.Llhfnt.G'_

Ilr ra r -IM.! hc(lflda: 
-aJte-r ."~cb 'In ~l u:-
Irlca! 1~lh",••l'Iv, 
liawn l'\epawerpltnl. 

Lo•• atpo.er-.lth 
• \lbMq.It"tlftlc.trt 
1l"\ltdclonT&1.'ft.9 " c­
,ndl; 'II'I.rblla.o;b. 

'}i'o t:ol'1luwui conlild, 

(l)Su~rQlla.l",I"Ih. 
l..o'b ar.dbtKQI\ 
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(2\ JnteJllllttul ......­
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J'IIIp.iC!llh:l..tolllll.... 
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POWI!'.t 'Ptl1lt ''hatdtywa 
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T'~~blM./~llo Ina. 

o... ",Ylt1\1U 

1\1\10" -.0 IAc<Irpor..n mod"U r('al:kl.lI\. 
1I1)1&U" I'lWl }tMH.oa boa et.... cl.ft'ClCllt­
01,1. ~&dla.I' hvlft.., NJ ~r'" PUIIU" 
r:\\lil. 

(Jr.,l ,.,\Dr nroJt ctlf. eot,JoUoW JSS'OCIltR. 

.4PS· :Il ~J'e.d\roal&ar ,.Ilun, 

.s&tldll~lporlMl'''''III '''', 

&Jtoelrlul Y'OI:u,. nclu.alb!.f QUN4 
t:AU lulllr•• U1.:'lr~oJ]l ltD AflU" 
Olll 91) ft<lhll.Jl41cltd yoll'.... n1.lil:'l ..... 
U.. eould bit ~It:." I.Q I. GAV 
Yoll"4"t n~l ....o~ ~_ JNtoI'O'l'-d. T'UN'I 
J'1I\1J&LOr .trun,. taN }ltQl , 10, '4, U , 
"'ud....utal. 
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(farrl. r 0;:0111"'.:11111 'r••lr\Illtr rd.l\Ut ­
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aUU1DU"n ~ hiflelull, dabh. 

Imp~r(lptntlcnor ,uOU I'I-.n1!r J'Otl, 
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A.P'PENODC A (GOM'C) 

C1ottl°tj' 
1lr.p'"allJllIt)' olOaulc 

T)'prloC rOt en.. of o( 

}'(lIM F a lhlft " ...nUll: ~rvtd,... ult. 

Abon NC)ltwge1l A (lJ Pc( m.arker r c(,&1:­..... 
HOD-Bell A (.J) Caul.,. n lay 1.1\' 

I' M. Ilouhl not be 
utendold. 

}leJI C (,s.J ~el.lv. DQI,ai! on 
the uiJrnllh and 
. l ulIIIlfon lndlcalor 
lfl.pl'f· 

'bort }fon- fiell C1tl"'Ier lela), :tntennt. 
cOllld rtlilC be. Jawcnd, 

Abo" "Dft- Blll ~ pm 1YD1'ur 1"£I1;,lInr. 

A""rl Hon-IlIIJl J:tcctt'II;";lC Callure 01) 
b..... 

Abo~ Dell C p.QuUtI relay tn~c.-
tmn Jrud lo Ata"', 

La1lQch "".1 C 1l:z.n,r.f. n1el.)' lI'tUc:er 
d.t..t,uc:t~ mlull. 
11 ncanct. slttr 
l awu:h. 

Allorl llcll C Yaw D70 :r.Ued to 
IoIUUac , 

Aborl """ C (l) ~o 1'1&:111 '11.11' c.ltmb 
U,bll. 

B.!!:ll B (~) Uftllllu.ral:lory
'1:'10* and )DC't-
In. 

Abort """ "'0 1I'1deo Oft l'Pl. 

L\I'....'Ulh &11 U 'ZlWr7.I.II IC",pn• • ul""l: 
10... ;d i .Il1eo. aJ­
ler launch. re.I Ulllrtg tl'\ 
falll of d:ablUty, 

L"W'le~ 9cll J. 'Y11Mo don1aCll to. l at­
le.l'launtn. 

Aborl "''' C TVrblnll [-.au. IS to 
.tnt. 

Abor! lIell C C'ommllMl<:;oolil<:t 
loll. 

Abor! HOD-bell A (1) Lou of COPlJJlI.lllI­
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problcm. 
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Abo" 1l<U C (I) Admutla v.d. DU!­
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dlJlpb". .ltlR.1Jl~ 
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~ttr J~un"h. 
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Dhcnpanl canJer relay recd,.r. 

. "rho nquvu::e nhe 1CllDlot on the- Jdt 
refay ~!£ftna claar ..., hn~rapcdy .tf ­
Jull.d (80dnl a .. 4' ~ronll Iqu lpment). 
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J":;IUur. ;" ntlqf' . upporl. No 1!1.t!clJ'lc:rJ 
p«lW.PDfIIAYbue. 

lm,prDpCr ()pefllhm of AlD1G mqndrcn. 

l~n.vc ml, .Uc S- band. 'bc~COh. PrtJ­
clldl1n rnla&ll. lo c:.l1u:t b..co., ballsr1 
if hDDn priof to lAUDeh. lW!ie ut.ty 
poUe., belq' l'e\l/i!.",·ad. 

Ill..ne ),a... ~1'6 e:.rll\/il mc~WJaIl~ In­
Gptr.a1lvt. Improved Uta offfl~lI.,c In 

C.',',4" !\o.. g6. 


~.rl4ld l&nI:al\lm ~.enor In cnll1 . Ur. 
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]t5bChld fililmtnt le:;J.c! ~I V!'Ji15 In the I;:U'­
.ller uJmuth w eluuJan Indi cator du.I 
lo ftI .....qulle nU[nIQ~ca b1 ~uMuLd 

)llJyllll!: lIJdl":t.ullc IPlillm r.Uun dlle la 
Jna&qlJ'Il~xnatr..t,. .\ctJlrUctduu, Pro-
c.I!WTI! JDr clLetk. 'll atl:urnulalor PICdtatp 
rrw."u• • 1'101 a.'l....~. 

Jraprope .. o.-l' ....lonoJ 1.101. iT'2.6n.\.-on.. 
lA u5d[UIXI to hrah f loUurc r&.rc on till. 
'., ..,7UOl\lUOa.... ry m~lellanee tutNe-
Uon" ....eT16 ~'lu&le. 

lI\opcr...llvc- :o:tt1"dJe m.tCl lrgn • .ruc:b. 
}n'J&'Q.ual.ll' 6rll lln. 

OiMn nIam.nt Cif'I o{PRIO tube: £n c;an1c-r 

cOIDb1lAd lranatnUl uj open-led at lDl­
pf'Ot)el' rul me:dl voU,",c, 


't:aU\lJ'e In non Illppan - v .. ~ dlUt­
cwUe... 


Pr•••ure les~ .... iCllc-.rfe.r t,day ::OnlUIn'J. 

MGunl. dye to .a cr&.cbd 'W:LV£! &\I(d~_ 

J,l1 . 1llte yl.w 1)'1'0 cICl1'Imeclw1Jnm lhOp· 
n • .uv£.. ]mpl'O\'('d fYro eUtdSva. 0'\ C,u.t 
'Ko, gS. 

EJII:... lvc b&cb.ull m IN par (~ .an a l 
u.. mlnlle "clmutAc:oMJhlte r. 

Delc-ctlve ~lr'-$ \Ii a.:ae1nl' D - .('2' a.(tcuJl. 

$Qlt 1:1 ...c;~)t l.rl ml••IT, volta,e: nsu!. lDr. 
DeeJ", rnldequue. 

TJ.Hu[e 111 rUle IUpt;Vrt Uun, 

Deflel\ '"' .relat \n thea mi._lie- "Uale' 
reru('alor. 

}dlullc powe.r pl.anl "JUt_ .... .,ub.&c. 
ou/lM)l hllh. DtLur deasrn bec.l.JJI~ DUe,, -
Un on OloM: Nw. all. 15 &11<1 lubll!qul!nL. 

t...rch-Ir'" Tcll~ ~lurhl.UDn' t • .."ed 
(.rAJ.t. latiUM . 'Laba r.aJD~ (..Jr. Intl(UlIld 
yo1l1lW n ' ...110'11. (1)\114 be GJ'phcdlltd 
b7 a 'a.llllre. Xn l~. OAM vaU.p "plttbr . 
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8. 

80 

aD 

,. 

""'0 
5-;·55 

(\ ·U-Sii 

8_!'S6 

II-d-'~ 

1....1t-~ 

10..'\1:3-56 

10-24.·56 

10·25.56 

11-2- SI 

ll.e.liili 

]1.11 .. 155 

11-l5-U 

jl..le..~5 

.Il-fdi--5C1 

11-29-5'8 

2-2I'J·5'l 

2-::15-37 

2... :l1!I..5T 

btr~clQr 

AlrGrlri 

N!lm'aotr 
... 


.'0 

710 

710 ... 

". 

'20 

'M 

II. 
". 

220 

"" 
"0 

U' 

,,0 

... 


.IV 

.,.,..., 
nfrM 

1k"~'lroll\l,. 
tarC1U1lt or 

,f'1I11url!' 

CIlII!',ol)' 
0;)1 C;ruIB., 
l-"aITII,.tI Qb-:.. .,.",aI )tol!.ulu 

Abo<t Bell e,..,.... ClIlltltmelerord 
dl1a. 

1."""I"J'l 

AOOrl tiUn·aelI (l) 

Sua:eufuJ. 

Poor wuther. 

L1.\V1I:'.... 

ti3l1lru:b Nun..~n 

!luca~••(IlI. 

bellep,," rllUh\U~t TI. 
I:I1wlhor.lud I70vrd 
at"n.l lI1X4J.+.3 MC;­

".:\1•• 

A:"tt 

Abon 

9011 

Nan·8c:lI (tit 

·c Mil nrllt'~ a!~!r 
li,he, 

JriCOtf'Ettl.lllullllll III 
JnertblltNJ:l. Com· 
pllllnl S1.(~p\. 

",barl Nan.-BelLCb] ~ (1) It,''''-rly tvtblAc Ure . 

(1:) l1n,",lJurc! 6nl.rllcl 
r:DndIUD.l, 

A""" 
l,,20utlCb. 

'bo" 

.." 
""It 

C :.ID vllieo nl~y .IPlal 
,U' eocnm211.d 1»311.1:1. 

POWIU' plaM Ihl.IlrkI.n 
4.5 .ee. alt.!r- dive. 
JIIlp1.cl S JD\I! ••Mll 
Qf lJl'l'f!{. 

(ll TlUblftl! IhullScwll. 

Abott 

ed, 

B,Il 

" 

C 

(2) Unllablll :a,ncJuQltw 
rs.Uon on ""IRllth 
~ehru.Uon In... 
dlellar. 

}fa ulI::nmllld c:on.lad 1.( 

..t &!U1~6e. 

..... 
Abort 

11611 

B<1I 

~ 

C 

MUa1l1al commull 
Uln.blrl • 

tio c:ommar.d conlOl,c:t 
.taUlitoWl. 

Abo<t a.1t C U) USR "IK:).Jol'll­
, .. Uon 'prob1~m. 

"''' C (7) A'tltnulr. and {"le -
v,Ilon lNilclfoJ: 
CJlrp.larf-Uc:oJ. 

Abal'l &11 B A'flctt\!lh ktod l!.ie1r'J,tlnD 
~dlC:llIOr drlplay 
11I1.d. 

Abo" llell J.. YUJi)JAeIIJlld 10 

."orr. 

Abort 8<11 Loal aJ H:z fGlIT.:E­
pHa,.uU. 

O:tUIM Gl FIUuN! 

Ti1l.. J>.r'nl.n'(Itar bar:\'CI~ dJ!. 1a CI.rh3n 
c:~lccUnl hd~CIII;PI"II'Q\lh.tOL' MJl11hl•• 
la.llJeq,uJlio nUllDl~IIJ..a.t'e4 

llot.e ('iI.): 	 'l'hll .but ........ nat IlltlluSI:IlI~ 
I.t\e JIAIlI.-nI)y.alv" 

tlnll,l,hQtl'ECd. (l~W ~(on cLulru..t' .'mal 
!!J.\lud 'oy vnWUlted [1ullItlo" Irvm .. 
Braund tnnsmltt.r. De~u:!on. wru rDW\d 
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w.ise, also lim ited by time and funds, numerous completed proouct­
improvement designs which would have contributed enormously to 
inherent rel1ablllty and to performance were not made effective on this 
weapon ~ystem program. 

This COlltractor has, as 11 result oUhe Rascal Reliability Program, 
acquired the capabUlty to achieve high reliability In a complex weapon 
system, namely, by applying effective reliability techniques beginning 
in the design concept stage and continuing the application of reUablllty 
program practlces and -techniques Into the production and military-use 
phas.es of the weapon system. . 

Although the maximum potential re11abillty of the Ra~"al 'wekpOrt 
system was not achieved during the Jt&D and E&ST phases, suffident 
evidence was obtained to prove that the reliability goal 01 70%, as 
established by the Contractor for an airborne mission, was a practicable 
and attainable goal, satisfactory for operational use . The reliability 
growth curve shown in Bell AlrcJ.'aft CorpontionReportNo, 56-989-117 
(page 33) illustrated the reliability potential oUhe weapon system which 
could have been achieved by using Contractor-type of maintenance 
support (1.e., as eUectlve as that Ulled at Holloman), by applying 
soluttOilS to the known repetitive problems, and by incorporating the 
benefits of the product-improvement program. 
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Depot tellts on ANIAPW·17 systems showed that of the thirteen 
systellls lested the last systems built showed the highest reliability, 
thus reflecting a higher level of basic design. The AN/APW-17 sya· 
terns which would have been used by the operational squadrons would 
thus have been more reliable than the live systems use<! at Eglln 01'1 the 
E&ST program (see Table XVlI). 

The reliabUity growtb curve of the Rascal system was such that 
there was a slow but constant improvement in the potential inherent 
design tram the start of the reliability program until the termination of 
the program. Since corrective actions for numerous problems never 
became eifective on tile s)I'stem, the lull inherent reliability of the Rascal 
weapon system was never reali:lled. 

The reliabilIty technique or specifying rigorouB design criteria 
to vendors was proven especially effective in the case of electronic 
components such as the Radar modulator~ Radar R·T unit, and the 
voltage regulator. 

Engineering .quallJication and Ill.,. tests, .to be valid and meaning­
ful, must be conducted under the environments which simulate the 
actual oporational conditions of system-installation environment, physi­
cal environment, and millatry-use environment. 

E . MANAGEMENT 

As has since been recognlz~u III senlol' Air Force weapon system 
management personnel and Contr< etar management personnel, Ule 
Rascal weapon system was transferred too abruptly from a contractor­
operated Hight test (R&D) program to a military-operated flight test 
(E&ST) program, with resulting severe adverse effects on the opera­
tional reliability 01 the weapon system. 

In final conclusion, although the establishment of a comprehensive 
rellabillty program on the Rascal weapon system produced many out­
standing improvements in reliability, this reliabUityprogram was applied 
a(ter the basic research and development design had been completed 
and thus the ultimata in inherent reliability was never attained. The 
time required for effective application of corrective measures on this 
reliability program wa,s very great. F or example, approximately one 
year was requi red to collect sufficient evidence of all of the problem 
areas that existed in the Rascal weapon system. By thetillle the cor­
rective-action and product~!mprovement plan became firm, the con­
cluding iltages of the R&D flight teat program had bean rea!!hed and 
preparations were already in eHeet for Initiating the E&ST progra.m. 

Consequently, limited by time and fUnds, the bulk. of the ma.jor 
identified repetitive pl"obleDls did not ruceivp. corrective 1\ction. Like-
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C. RELIABILITY CONTROL 

The reliability data reporting system established at Bell Aircraft 
Corporation on a corporate·wlde baals, in February 1956, has proven to 
be a most effective method of reporting raw data [or use on a com­
prehensive reUah!l1ty program for a complex weajXln system. With 
only slight modtflcation, the Bell Aircraft reporting system can be 
adapted toO any other weapon system. 

The utilization ot the Bell Aircraft reliabUlty data reporting 
system at Eglin AFB proved' the !easibUlty of \lslng a Contractor 
reporting system on a mUitary test base to effectively report all 
reliability data required for a comprehensive reliability program. 
Further, it proved the need for stationing Contractor relIability repre­
sentatives on the mllitary base to cl)llect such reliabillty information. 
The same advantages were observetl while using the Contractor's 
reporting system and reliability representatives in the Air Force 
Logistics Depot. 

The establishment ot the "idea-for-improvement" program Cor 
the Rascal wI;!apon system was an eireptive method of getting volunbry 
employee pa.rticipation in producing a hetter product. This "idea-for­
improvement" program was similar to "8uggestton-box" plans in effect 
throughout indWjtry. ­

The method of establishing formal definitions of repetitive 
problems, as detected by machlne-procelillied reliability data, is an 
extremely effective method of initiating corrective action on problem 
areas experienced during the R&D test phase and the production phase 
of a complex Weal}On system, 

D. DESIGN 

It was established that the Rascal missile and Director Aircraft 
guidance equipment required a high level 01 competence and experience 
in the personnel who performed the maintenance, test, and inspectlon. 
functions on this eqllipment during all test operations. The ballie design 
of the Rascal weapon system lJsed at Eglin could be called "modified 
R&tD equipment" since a production design wa.s never accomplished on 
the Rascal equipm~nt. As a result, imp1en.entatlon of certain hlgh­
reliability design techniques; such as provision fo): optimum service· 
ability, maintainability, interchangeabHity. stabtl1ty, and hum:m en­
gineering, did not become effective on thia weapon system. 

A number of airoorne flights were unsuccessful becaWlethe design 
of the emanating guidance system did not provide for successful opera.­
tion over an ocean water firing range when adjusted for use over a land 
£Iring range. 
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The lact that the director aircraft equipment was operated 23% 

lo.iger and the missile equipment was operated 120% longer than the 

respective planned airborne mission times was a contributing factor 

to the low airborne reliability experienced at Eglin AFB. 


As has been establi:!lhed 1n several sections oC this report, the 
rellabillty DC the tactical hardWare or the missile syste!l1S and oC the 
director aircraft systems used at Eglin AFBwas higher than that oJ the 
tactical hardware used during the R&D fli~ht test program at AFMDC 
(Holloman). 

The ground support equipment had a negligible direct e!fect on 
the reliability of Rascal eqUipment during airborne missions, both at 
Holloman and at Eglin. 

An analysis of the Eglin operations has pl-oven the need for 
accurate and comprehensive contractor-furnished !leId manuals for 
use by the military service when it performs evaluation tests on a 
military weapon system. The Eglin Technical Orders were less effec­
tive in the conduct or the E&ST operation tban were the Holloman 
procedures in the conduct of the R&D program. Inadequacies In the 
handbooks contributed to the lack of proper ground preparation and 
maintenance at Eglin AFB. 

In a similar vein, the need for complete and effective maintenance Iprocedures durln~ military use of a complex weapon system was 
verified during the Eglln operations, These maintenance procedUl'es 
include correct and eilective service (repair) maintenance Instructions, 
preventive maintenance procedures, precautionary maintenance pro­ 1 
cr '.ures, troubleshooting techniques, standard check 11sts, and military 
or inspection work cards used by the individual maintenance personneL 

It ha~ been concluded that for a very large sample of missiles in 
use in Held c..perations, a fairLy acr.ul"ate- human-error factor (part of 
Use Rella.blllty) can be determined (or a. complex weapon system. It 
was observed, however, on the Rascal .field test program at Eglin 
AFB, that the incidc'Ice of serious human errors was far greater than 
had been predicted, Tneywere caused primarily by inadequate technical 
training, inadequa.te quality control, a.nd inadequate maintenance control. 

For other weapon systems of the complexity of Rascal, missi1e3 
of tile E&ST programs should be as fully instrumented (with telemetry 
and direct recording) as the missilea of the R&D flight test program in 
order to provide the utmost lnformation on environments and opera.­
tional pedol-mance. 

The reliability of Air Force guidance operators during airborne 
phases of the Rascal weapon system was vl~ry high. both at Eglin and 
at Al''MDC {Holloman). 
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SECTION XI CONGlUSIONS 

A. FACTORY TESTIHG 

The -establlshment of a reliabHny requirement (or conducting at 
least 15 formal composite system tests on missiles during th.e .linal 
factory test pha8e provided an affective method oC debugging mInUes 
of the earlier configurations. MiseUes of the lastest configur.ations 

Tl did not require a lengthy debugging opera.tion during the final factory 
- ! test phase.~ 

'lila limited-environment tests conducted on Rascal components 
before assembly into missiles were particularly effectIve In debugging 
the components and in providing a realistic operational-type of COM­

ponent test, 

It Wali repeatedly demonstrated on the Rascal program tbat, 
except fer a relatively small grOup of known limited-life items. a 
missile system can be given many repel.tive tests (to provide relia.­
billty assurance at a specified confidence level, for example) without 
wear-out 01 the missile. 

I The rellablllty observed during the final factory tesl \..If tile 
"1- - _ missile, lesB the propulsion system. provided a realistic measure of 

the Inherent reliability of the components subjected to these tests. 

It was demonstrated on the Rascal- program that production 
delivery SCbedules could be met without sacrit1clng reliability or 
quaUty in mililliles manufactured for a complex weapon system. 

B. FIELD TESTING 

The contractor-lurnlShed Held inaintenance BUpport at Holloman, 
which include technically trained and eJqlertenced personnel (both teat 
and service maintenance personnel) together with the application of 
unwrltten.precautionary maintenance procedures and techniques and the 
application of effective troubleshooting techniques. was far more 
efiectlve in producing success1'u! operational flights than Was- the mill­
tary-Iur nlshed field malntemince support at Eglin AFB. 

The contribution of failures from non-tactical and non-Rascal 
equ ipment "at Eglin AFB was far higher than -thal experienced at 
Holloman . dUl'!ng tests on the last 23 R&D missiles and particularly 
so with respect to the la.:.t 8 R&D missile tests. 'rne equipment in­
cluded in tills non-tactical and non-Rascal eqUipment category covel'S 
beacons, range support equipment, Sandia equlpmllnt. and the B-47 
aircraIt. 

t 
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D. PREDICTION OF RELIABILITY OF E&ST HARDWARE, USING CONTRACTOR­
FURNISHED MAINTENANCE 

An analysis has been made of the airborne success whlch could 
have been realized on the Rascal E&ST hardware, using the same level 
of maint-enance support (Categories A and B) Which was furnished by 
the Contractor a~ Holloman on the R&D flight test program. The pre­
dictIon is based on the observed effects of Category A and B Items on 
the airborne mlssionll as experienced during tests on the last eight 
R&D missiles at Hoiloman, and on the eUect of Category C items as 
experienced on the physical E&ST hardware used at Eglln AFB. Since 

-; 
there were no unsuccessful Phase I missions at Hollo,man due to in­
adequate procedures or technical support, a realistic value of three 
percent wall assumed In making the analysis. 

Figure 9 showl! graphically the breakdown of the predicUon 
analysis. The predicted reliability for E&ST p·rogram hardware, ir 

plus Holloman-type of maintenance support, Is 49 percent fo,t over-all 
airborne success of the tactical weapon SYfJtem plus all supporting 

I 
i. 

functions of the weapon system and of th.e tel3t base. 
f 

A simUar analysis or ouly the tactical equipment used on the 1 
E&ST program (the telemetering, beacon, B-47 aircl'aft, sandia, and 
range support eqUipment were exeluded) sl\lows a predicted airborne 
reliability of 52% for the t:l.ci-ical Rascal weapon system as defined in 
paragraph C-l of this section. This predicted airborne reliability of 

1 
t 

52% for the tactical weapon system is approximately the same as shown 
in the rel1abiUty growth curve contained in Figure 5, page 33, of Bell 
Aircraft Corporation Report No. 56-989-117 for the same group of I 

missiles and for the same Director Aircraft Systems which were u~ed 
on the E&ST program at Eglin AFB. {" 

'I 
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5. Effect of Inherent Reliability of Equipment 

Tlle eHect of inherent reliabiUty (Category C) on the op~ra­
tlonal reUabllity of the weapon system at Eglin and at Holloman Is 
shown L-. Figures '7 and S. Figure S shows that In the Phalle I (T:lkeo!f­
to-_Launch) portion of the airborne miSsIon, the inherent unreliability 
observed on the weapon sYlitePl8 at Eglin was smaller by a factor of 5 
than tha:l observed on the .last eight weapon systems at Holloman. The 
same comparison for the Phase n (Launch-to-Target) portion of the 
airborne mission shows the inherent unrellabUity of equipment to be 
approximately the same. 

Figure 7 shows a 4.5-to-l decrease, b'om liolloman to-Eglin, 
in the -over-all level of inherent unreliablllty of the equipment for whlch 
Bell Aircraft waf! respon~1ble; namely, the tactical weapon system plUB 
telemeterlng and-beacons (except for S-band beacons at Eglin), 

pHASE! PHASE II. 

PHASE I SUCCESS X PHASE;14 SUCCESS· 49.1 '!(. 

Causes for Unsucaess{ul Missions: 

Category A - Inadequate field equipment, maintenance, and support. 

Category B - Inadequate Contractor p:rocedUl'es and technical support. 

Category C Equ.i.pment failures and possible equipment failures 
(Inherent Un;rel1abllify). 

Phases of Flight: 

'Phase 1 Takeoff-to-Lai.,mch 

PhaSe n - Launch-to-Target 

NOTE: This analysis includes the tactical weapon system plus all 
associated and supporting functions. 

Figure 9. Amtlysls of predicted Rascal Airborne Success Using Eglin 

Hardware and Holloman-Type of Maintenance Support 
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MISSIONS WITH LAST 8 R a 0 MISSILES ~T HOI.I-OMAN 

PHASE I PHASE II. 

PHASE I SUCCESS Jl PliASE !I SUCCESS. 23.8 % 

MISSIONS WITH EaST MISSILES AT EGLIN 

PHASE I PHASE .II 

PHASE I SUCCESS ~ PHASE II SUCCESS· 4.9"" 

Causes for Unsuccessful Missions: 

Category A - Inadequate Held equipment, maintenance, and Ilup;port. 

Categoxy B - Inadequate Contractor procedures and technical support. 

Category C - Equipment failures and possible equipment failures (Inherent Unreliability). 

Phases of Flight: 

Phase I - Takeoff-to-Launch 

Phase II - Launch-to-Target 

NOTE: This analysis includes tile tactical weapon system plus all 
associated and 5uIJPorting functions. 

Figure -8. Ana.ly~is of the Causes of UnsuccQs;sful Airborne MissIons by Flight Phases 
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Figure 'T shows that the over-all level of the eHeet of 
Category A items observed at EglLn wa& 4.3 times that observed at 
Holloman during airborne missions. This analysis Is based on the 
eUect of Category A ltems on the tactical weapon 3ystem Plu& all of the 
supporting functions 01 the weapon system and test base , as dencrlbed 
In paragraph C-2 of this section. " 

I 
4, Eflect of Procedures and Contractor SUpport on Ail'borne 

Missions 

The elfect of Contractor Inaintenance procedures, te8t pro­
cedures and technical support (Category S) on the operational reliability 
of the weapon system at Eglin and at Holloman is shown In "Figures 7 
al\d S, Figure B indicates that 21,9% of the Phase I (TakeoU-to-Launch) 

I 
J missions at Eglin were unsuccessful due to Category B type of fallures 

as compared to the absence of this tYPfl of failure on the airborne 
missions of the last eight R&D missiles at Holloman. The effect of 
Category B items during Phase II (Launch-to-Target) was approximately 
the same for Holloman and Eglin. 

From Figure '1, it will be observed that the effect of Category:/
1 	 B items (procedures and technical support) at Eglin was five limes tbe 

effect of these items at Holloman.i 
'r 	 TO 
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AIRBORNE MISSIONS AIRCOItNE MISSIONS 

WITH LAST II R II D MleSILES WITH E .. ST MIS.!IILES 
AT HOLL.OMAN loT EGLIN 

Figuno 7, RelQ.ti'le MagnitLtdes of Causes fu-I' Unsuccessful AU-borne MisSions at HollOman ar..d Eglin 
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61.I"!..SYSTEMS 

MISSIL.E -SIX MAJOR 
S'fSTEUS 

tlJREC'rOR AIRCRAFT 
TWO "".I0R SVSTEMS t.!!% 
"flD THI: OPERATOR 

TEL£METERIHG 

BEACONS 

8ASIC ~-47 AIRCRAFT 
INCLUDING K- S'fSTEM 
EQUIPIIENT 

SANDIA EQUIPMENT 

RANGE SUPPORT 
EQUIPMENT ANO 
OPERATIONS 

14.4% 1-_______....1 3 •.• % 

0% 
0% 

2 1..%1-____..1 

MISSLONS WITH LAST e II aD MISSILES MISSIONS WITH E e. ST ·',IISSILES 
AT HOLL.OMAN ADC AT EGL.IN ""8 

Figure 6. Comparison of Unsuccessiul Missions oy Systems in Which Malfunctions Were Observed 

It will be noted In Figure 6 that the percent of unsucce/>s!ul 
m issions at Eglin caused by non-tactical system failures was grea.ter 
by a factor of 2-to-1 than that observed during the launching of the last 
eight R&D missileS at Rolloman. The basic B - 47 aircraft, which was 
not the responsibility of the Contractor, demonstrated a particularly 
significant decrease in reHability at Eglin AFB. 

3. 	 Effect of Field Equipment, Maintenance, and Support on 
Ai·rborne Missions 

The effect or field equipment, field maintenance, and field 
support {Category A) on the success or operational reliability of the 
Rascal weapon system during airborne operations is shown in Figures 
7 and 8. Figure 8 shows that during Phase I {takeoff-lo-launch> at 
Eglin this category was fIve times ;:>s great as that observed at Hollo­
man. During Phase n (launch-to- tal'get) at Eglin the effect of Category 
A Items was 4.2 times as great as that observed at Holloman. 
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The goal which was established by Bell Alrcr.aft Corporation 
iOE the tactical we.1!pon system fo!' the opel"t!l:!onl!.l-~!!g (squadron-use) 
phase was '10% for Ol normal miaaion. Dln'ltIg a. planned normal mission 
the missile tactical equipment (less propulsion system) would have been 
operated lor one hour, the Director Aircraft ANjAPW-l'r System would 
have been operater.l115 minutes, and tneDlrector Alrcraft Miscellaneous 
System would have been opera.ted 150 minutea. 

A comparison QI the success (observed reliability) of the 
tactical Weapon system alone, as eJIPerlenced during airborne missions 
at Holloman and Eglin, Is shown In the following: 

I' 

Flight Phase 

Success During Testing 
Last a R&D Missiles 

Success During 
All Eglin Tests 

TactlclU 
Weapon System 

Goals 
R&D Operational 

Ta.ctical Weapon 
System 
(Phase I times 
Phase n) 

32.8% 15.5%* 45% 70% 

Note: 	 Success ia defined as the ratio ot IHlccess!ul ~iBSiol1s to total attempts, 
expressed in percent. 

"'This figure lncludes fOUl' launches which resulted in missile/! succes.dully reaching 
the target area by means of inertial guidance, despite other operational faHures. 

2. Comparison of Unsuccessful Airborne Missions by 'Systems 
I ' 

I: 	 Figure 6 gra.phically shows the breiutdown of the flight test 
program into the various systems in which maUunctlons wel'e ObS£:l'ved 
during attemptB to launch the last eight R&D missiles at HolluUflill and 
all missiles at Eglin. The breakdown in Figure 5 is based on the 
following categories: 

Tactical Systems: 

Missile - Six major systems. 

Director Alrol'all - Two major systems and the operator. 

Non~Tactica.1 Systems: 

Telemeterlng 

Beacons 

Basic B-47 aircraft, including normal K-system equip­
ment. 

Sandia. equipment 

I' Range support equIpment and operations. 
I 
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c. COMPARISON Oli' HOLLOMAN AND EGLIN AIRBORNE RESULTS 

From Sections V, VIII, and IX certain comparison parameters 
were obtained which most clearly show, in this section, the outstanding 
durerences between the .observed results of the airborne tests conducted 
a.t AFMDC (Holloman) and at Eglin Air Force Base. 

1. Analysis of Su(~cess!ul Airborne Operations 

A comparison of the success of the tactical weapon system 
and of all of the supporting functions during ai.rborne missions, as 
experienced at Holloman and 'Eglin, is shown In the following: 

Flight Phase 

Success Durjng 
Testing of Last 

Eight R&D Missiles 

Success During 
All Tests at 

EgHn 

Phase, I (takeoff-to­
launch) 

Phase II (launch-to­
target) 

Weapon System.? plus 
supporting fUJlctions 
(Phases I and II) 

38.1% 

62.5% 

23.8%* 

19.5% 

25.0% 

4.9%" 

*Not to be compared to the 70% goal for tactical systems during the 
airborne mission. 

Note: Success is defined as the ratio of successful missions over total 
aUempts (per pbase) expressed In percent. 

The above comparison 18 based on the tactlqal equ1pment plus 
all supporting elements for th.B Rascal weapon system. 

The tactical weapon system (lor which Bell Aircraft Corpora­
tion was responl!lible and lor which a reliability goal was established) 
ha~' been defined as conSisting of the following major systems: 

GAM Propulsion System 

GAM Flight Control System 

GAM Non-Emanating G\.lidance System (IReS) 

GAM Emanating Guidance System 

GAM Auxiliary System 

GAM Fuzing System 

Director Aircraft Guidance (AN/APW-17) System 

I>irec1or Aircraft Miscellaneous System 

$6 
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the Ho.lloman procedures were usable In making direct step-by-step 

checkouts of equipment. 


As of 30 June 1958, all of the maintenance, servicing, 

and tC8ting procedures which bad to be .Performed were not yet In the 

form of cOlllpletely acceptable! detailed check lists. 


d. Comparison of Holloman and Eglin Proc edures 

Some of the major di1ferences between the Holloman 
R&D Test Procedures and the Eglin Handbookli (TO's) are given In the 
following comparison: 

Holloman Eglin 

Test P~'ocedures Handb<i<?k8 (TO'8) 


Desig'ned far R&D operat1on Dealgned far SAC cperation. 

Deeigned to provide quantJtative Tests were simplified too :mUCh; 

t~8t data. Deta.1led tests were additional testing needed. 

falrly complete. 


Contained lltUe information on Step-by-step instructiona were 

how to make a repair (repairs given for replacement of Plutli. 

were p~dormed QY factory­

experienced personnel uSing 

Contractor drawlng8~. 


Contained little informatLon on Inadequate troubleshooting in­

troubleshooting inatructlons formation. 

(Contra.ctor personnel had 

ext"nslv'il trainlng and experi­

ence in troubleshooting). 


Procedures ware technically Technical ·inaccuracies were 

very B.'!lcurate, numerous. 


Proc.edures were complete In TO's were not complete orprac­

tllemtJelve!l and could be used tical for checking out a millsile 

as check lists, with each step­ directly; . were useful to compile 

by-step operation verified as check Hsts. ' 

accomplished. 


4. Performance of the Maintenance Function 

By June 1958, the Air Florce took I!teps to increase the 
effectiveness of the mainten!l.nce function at Eglin AFB. Stricter main­
tenance discipline walJ iDlposed, additional maint.enance conii'ol per­
sonnel were acqUired, ad.dition~l inspection personnel were used, addi­
tional Contractor maintenance personnel were obtained, andbetterwork 
cards !lnd check lists were compiled. Efiortswere continuing to reduce 
the number of personnel and managem.ent errors made in performing 
the maintenance tasks. 
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. 3. The Maintenance function 

a, Test Procedures, Handbooks and Technical Orders 

(1) R&D Program at HollDlYcan 

Extensive Rascal preventi.ve maintenance instruc­
tions were written, most 01 which became 'effective before completion I
of the R&D flight test program. TheAN/APW-l'7 syatem, in partic.ular, 
was round to be greatly benefited by the llae of preventive maintenance 
procedures. I 

(2} E&ST Program at Eglin AFB 

At the inception of the· program, the handhooks a~d I 
technical publlcatlons were found to be inadequate for USE! by a military 
maintenance organization. Inadequacies in the handbooks contributed 
g:l'eatly to the lack of proper ground testing and maintenance. As of L30 June 1958, the handbooks were still not completely adequate. 

Applicable military Technical Orderadidnolprovide [Ithe proper maintenance forms required by the Rascal .program and the 
requirements of the TO's prevented the preparation of adequate work 

. cards and check Lists. This contributed to the ilubliity to accomplish 
the Rascal maintenance function satisfactorily. [I 

b. Inspection r IPerformance of the inspection function at EgUn AFB was 
hampered by the lack 01 adequate personnel. As t\ result of adequate 
inspection personnel at Holloman, maintenance discipline was enforced 
more eUectlvely. I 1 

c. Work Cards and Check Lists 1 1 
, 

\. 
(1) Work Cards 

Work cards were not used at Holloman. 

Inl:lpcction work ca.rds used at Eglin prior to SO June 
BI58 were inadequate for use on the Rascal weapon system. As of 
October and November 1956, the new, improved work cards were just 
in toe prOC8llB of being cklecked out in Hdd eYaluations. 

(2) Check Lists J 
Check lists r,Jr maintenance procedures and lor 

testing and checkout of equipment wera prepared by Al~ Eorce aoa ]
Contractor perconncl at Eglin. Check lists had to be prepared to check 
out missile systems equlpment because the Technical Orders were not 
suitable for use in directly checking out systems. By comparj~on, 1. J 
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Personnel Holloman 	 Eg!ln 

Management 	 The top men had an Limited li;lq)erlence on 
average of 7 years Ra"cal. 
ex~ri.enee on Rascal. 

All System Engineers Minority of supervisors 
had engineet'1ng had engineering degrees 
degrees and 3 years and all had llmited ex­
experl.ence on Raacal. perience on Rascal. 

Maintenance Adequa.te number. Inadequate numba)". 

Adequate technical Limited technical capa­
capability. bility. 

Average experience Majority of men had less 
of technicians on than two ye~rB of missile 
Rascal. was five experience. .E years. 

Majority of person­ Majority or personnel did 
nell Were well-trained not get formal factory 
on Rascal. training on Rue...! (origi­

nal trainees were lost by 
attrItion). 

Maintenance Adequate number. Limited number. 
Control 

L Inspection 18 uBed by Contrac­ 3 used prior to 30 June 
tor. 1958. 

4;, A detailed analysis of this problem has shown that the 
education and elCperienc-e of the Contractor maintenance peraonnel at 
Holloman were signlfiClilnUy 8uptJrlor to thoae of the Air Force per-E 80nnel at Eglin.l' 

2. Ground Suppo~t Equipment

j: 

I 
The ground nupport equipment problems at Eglin AFBcaused . 

excesslve deli\.Ys in the eal'ly part of the E&ST program. HCtwever, as 
can be seen in TableB XVi and XXIV, neither at Holloman nor at Eglin 
was an unsuccessful airborne mission directly a.ttributed to deficient 
ground support equi~ment. Since it was observe~ that the effect orl !1;l'ound support eq,uipment on the teliabHlty 01 the airborne Rascal 

I misslon was negligible, the factor of ground SUPPOl't equipment cannotI 
be used for comparison pUrposes with respect to the analysis of the 
airborne tests. 

I 
; 
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b. Propulsion System 

The propulaion system, less the rocket engine, was 
assumed to have the same improvement of 3.6-to-one as the remainder 
of the missile (see Table XXVI). 

The rocket engine acceptance tests in the factory pro­
vide a means for comparison of the rellabil1ty 01 the engines used at 
Holloman and EgHn, as shown in Table XXVII. 

B. COMPARISON OF MAINTENANCE SUPPORT 

The major factors which were concerned with performing the 
maintenance function at Iiolloman and Eglin AFB included personnel, 
organization, tra.ining, ground support equipment, handbooks, test 
procedures, and inspection. 

1. Ma.intenance Organization and PersQunel 

At Holloman and at Eglin, the principal types of personnel 
- to be considered in the maintenanoe· function were management, 
maintenance, maintenance control, and inspection personnel. 

TABLExxvn 

RELIABILITY COMPARISON OF ROCKET ENGINES 
USED AT HOLLOMAN AND AT ~GLIN AFB 

Comparison 
Parameter 

Holloman 
Engine::; 

Eglin 
_Engines 

Reliability. 
Improvement 

Per Cent Successful 85% 96% 3.8-to-l 
Engine Acceptance 
Tests In Factory 

1­

A comparison of the number, or experience, of maintena.nce 
personnel utilized at Holloman and Eglin is ns follows: 
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SECTION X COMPARISON OF HOLLOMAN AND EGLIN AIRBORNE OPERATIONS 
A. COMPARISON OF EQUIPMENT IU:LIA.5ILITY 

1. Director Aircraft Systems 

The relative rellablHtlea, expressed In mean-time-between­
fallures, of the Director ,Aircraft Guidance (AN/APW-17} Systems u.ed 
at Holloman and Eglin are shown In Tab!e xvn. The data, In all cases, 
include both ground and airborne tests. Tile improvement In rell.abllity 
between the ANIAPW-17 systems uaed- to launch the last eight R&D 
missiles and the systems used at Eglin AFB was observed to be Vi-to­
one. 

The relative reliahillty of the entire Director Aircraft 
System, c<'nsisting of the AN!APW-17 System and the Director Aircraft 
Mlscellaneo\UI System, 1"s shown in Table XVII ... !ld Figure I) for both 
Holloman and Eglin operations. The Director Aircraft Miscellaneous 
System \lsed at EgHn "AFB consisted of production-type components as 
compared to the prototype components used at Holloman. The Eglin 
systems were observed to be 2.S-to-one better than the Holloman 
systems used to launch the last eight R&D missiles. 

2. MluUe System,.. 

a. Missiles, Less Propulsion ~ystems 

Based on factory tests the relative reliability of the 
Eglin and Holloman mil'lsiles 15 Ilhown in Table XXVI. 

TABLE XXVI 

RELIABILITY COMPARISON OF EGLm & HOLLOMAN MISSILES, Ll!:SS 
PROPULSION SYSTEM 

Holloman Eglin Reliability 
Comparison Parameter R&D Missiles E&ST Missiles Improvement 

Observed Reliability of 69.8% 90.5% 3.6-to-1 
Missiles during Factory Tests (84.2%) (1.7-to-!) 

Per Cent Successful Composite 49% 117% 2.2-to-1 
System Tests Conducted in (57%) (1.3-to-l) 
Factory 

Note: Figures in parenthesiS are lor the last eight R&D mIssiles launChed 
at Holloman. 
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TABLE XXV 


ANALYSIS OF AffiOORNE MISSIONS AT EGLIN AIR FORCE BASE 


Distribution of Causes for Unsuccessful Mission:. on GAM NOB. 102-117 


category 
Phase J 

(Takeoff-to- Launch) 
Phase II* 

(Launch-to- Target) 

Unsuccessful Missions; 

A - Inadequate field equipment, 
maintenance,. and support 

48.0% 52.8% 

B - Inadequate contractor pro­
cedures and technical sup­
{Jori 

:>.1.9% 11.1% 

C - Equipment failures and 
.pOBsible equipment failures 
(Inherent Unrelillbility) 

10.6% 11.1% 

Successful Missions 19.5% 

4<GAM Nos. 102, 110, 111, and 11 'T were not launched during the E&ST p~ogram. 

""I'The Phnse II successes included one successful flight on emanatIng guidanoe 
and two successful flights on inertial guidance. 
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An analysis of tile weapon system improvement .made lit Eglin 
.AFE alter 30 June 1958 is shown below on equipment with which thv) 

Contractor was primarily concerned: .. 
Equipment in Which Malf'llIlctions* 

Were Observed DurIng 
Unsuccessful Missions 

Percentor UnsuccessfLll Missions 
Before 

30 June 58 
After 

30 June fl8 

MiBslle Ta.ctlcal Equipment 
(Beacons and Telemetertng 
not Included) . 

D!rector Aircraft Tactical System 
(B-47a.lrcralt not included). 

Total Tactical Equipment in the 
W~apon System 

50.3% 

24.0% 

'74.3% 

52.1% 

8 . :3% 

60 . 4% 

*-Note: Either fallures occurred in this equlpment during the airborne 
operation or tlle -equipment was not operable prior to take-off. 

,. 

E. ANALYSIS OF FLIGHTS BY BASIC CAUSES OF FAILURE 

The flignts recorded in Appendix B were analyzed with respect 
to the three categories of causes for unsuccessful missionS which were 
defined in paragraph lX-B-S. 

Table XXV shows the distribution of unllucces5ful .operation 
during- Phase I (takeoff-ta-Iaunch) and Phase n (launch-to-target) of 
the airborne misslons. 

Using the results of the entire test period a t EglIn AFB, the 
following successes were observed: 

Percent 
Mission Success 

Phase I (Takeoff-to-Launch) 19.5% 

Phase II (Launch-to-Ta.:get)* 25.0% 

Over-all Weapon System Success 4 .9% 

"'The Phaae II success included one successful fligh.t on emanating 
guidance and two successful flights on inerUal gui dance. Two 
additional flights which were successful with respect to inertial 
guidance had improper warhead firing and were not -Included in 
the above successes. 
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TABLE XXIV 

ANALYSIS OF EGLIN AIRBORNE MISSIONS 

TltiS an"lysls SllOW8 the breakdown 01 the weapon system into lhu various equipments in 
whic1l malfunctiolls* were observed dUring W1success!ul missions. 

-

Equipment 

GAM NOB. 102-117 Tests Condllcted Alter 
30 June 1958 

Bued On 
Missions 

BasellOn 
Failures 

Based On 
Missions 

Based On 
Failures 

No. % No. % No. % No. % 

Unsuccessful Missions: 

MissUe Tactical Equipment 

Propulsion System 
Flight Control System 
NOll-Emanating Guidance System 
Emanating Guidance System 
GAM Auxiliuy System 
Fuzlng System 

Carrior Tactical Equipment 

20-11/12 

7 
1 
0 
3-5/12 
&..1/2 
(} 

~ 
6-5/6 
0 

1/2 

0-
1-5/6 

1-'1/12 
1/'1 

2-'1/12-
.6/6-

6-1/2 

1·· 

51.0-­1'1.1 
4.9 
0 
8.3 

20,7 
0 

17.9 

16.7 
0 
1.2 

0-
4.5 

3.9 
0.6 

6.3-
2.0-

15.9-
".4-

28-
B 
2 
0 
'7 
9 
0 

15-14 
() 

1 

0 

5-
4 
1 

6-
2.-
9-
-

41.9-12.9 
3.2 
0 

11.3 
14.5 

0 

24.2-22.6 
0 
1.B 

0 

8.1 

6.5 
1.6 

8.1 -
3.2-

14.5 

-

8-1/3 

1/2 
2 
0 
1-1/3 
4-1/2 
0 

~ 
1~1/3 
0 
0 

0 

1/2 

1/2 
0 

1-1/2-
5/6 

3-1(~ 

0+·· 

5:1.1-­
3.1 

12.5 
D 
8.3 

28.2 
0 

8.3-a.3 
0 
0 

E. 
g 
3.1 
0 

9.~-
5,2-
~ 

0 

11 

1 
2 
0 
S 
5 
() 

3-
3 
0 
0 

!!. 
1-
1 
0 

2 -
2-
! 
-

47.S 

4.4 
B.'1 
0 

13.0 
21.7 

0 

13.0-­
13.0 

() 

0 

.!L 
4.4-
4.4 
0 

8.7-
8.7 

!1:i 
-

AN/APW-17 System 
Miscellllneous System 
Operator 

'I'elemetering 

Beacons 

S-Band 
L-Band 

Range Support Equipment 

Sandia Equipment 

B-4'l Aircraft 

Successiul Mlssloml; 

Total 41 100.0 62 100.0 16 100.0 23 100.0 

NOle" on Successful Missions: .!!. ..... 
{'nmpletely Successful Fllght 1 0 

Successful Inertial Fllghts, in 4 3 
which 2. had Impro'per warhead 
firmg. 

*Note : l;:ither :fallures occurred in these equipment:!! during the airborne operation or the equipments 
were not op<!rable prior to take-aU. 

-­ 1 
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Category 	 Definition of Category 

A (1) 	 Inadequate field maintenance by mlH­
tary personnel. ­

(2) 	 Inadequate range II up port by Air 
Force. 

(3) 	 lllll.dequate weapon .ystem Bupportlng 
eqUipment such as K-4 • y. t ems, 
Sandl.a equipmen.t, 8-47 aircl'a1t, and 
ground tracking stations. 

(4) 	 Inadequate design of miHta.l'y­
furnished S-band beacon and destruct 
sygtem. 

B (1) 	 Inadequate Contractor mainteaance 
proc-edurea and test procedures. 

(2) 	 Inadequate Contractor technical -sup­
port. 

C (1) 	 Part failures. 

(2) 	 Equipment failures. 

(3) 	 Poes-ible eqUipment failures. 

Note: The items in Category C constitute 
Ii measure of the lnherent unreUa­
bility of equipment. 

As will be noted, Items In Category A were generally the 

bastc respon8ibUity of the Air Force. Itemfl in Category Band C were 

basically the responsibility of the Bell Aircraft Corporation. 


C. 	 RECORD OF EGLIN AIRBORNE FLIGHTS !. 

During the 1!!Otht test program at Eglin AFB, 41 weapon sy,gtem 

(missile and director alrcraft) takeMofh were neces811.ry to la~nch 12. 

EliST missiles. A. complete record ot the 41 airborne flights, together 

with the previoully-deftned categories of causes of unsuccessful mis­
sions, i& given in Appendix B. • 


D. 	 ANALYSIS 0:1" UNSUCCESSFUL FLIGHTS BY SYSTEMS 

T~ble J!XlV show,!! the breakdown of the tactical wl!apon system 

Into the various equipments in which maliunctions were observed during 

unsuccess{ul missIons at EgUn AFB. Includ-ed-also aJ:'e the contrioutions 

to- unsuccessful missions by other items such aabeacons" telemetering, 

range support equ.ipment, B-47 aircraft, and Sandia. equipment. 


I 
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SECTION IX 	 RELIABILITY ANALYSIS OF 

EBLIN AIRBORNE OPERATIONS 


A. DESCRiPTION OF TACTICAL EQUIPMENT 

During the employment and suitability testing (E&ST) program at 
Eglin AFB, tests were conducted on 16 missiles during the period 
October 1957 to December 1958. All mlssiles were of a higher rella­
billty configuration than the missiles used during the R&D flight test 
program at Holloman, as evidenced by factory tests. The Dlrector 
Aircraft Guidance (AN!APW-l'7) Systems were or aproducUon configura­
tion which was of a higher reliability than the prolotype AN!APW-l '7 
systems used at Holloman. 

B. METHOD OF ANALYSIS 

In a manner similar to the analysis made in Section Vnl, t..'te 
reliability analysis of the 16 miElsiles tested atEglin AFB. as contained 
in this section. includes the following three aspects: I 

I. 

1. Success of Missions 

The percent success of the airborne missions is expressed. 
as the ratio of observed successful missions to the attempted airborne 
missions, 

2. Phases of Flight 

The airborne mission of the Rascal weapon system is analyzed 
by each of the two flight phases: 

Phase I - Takeoff-Io-Launch 

Phase II - Launch-to-'1'argel 

3. BasiC ~auaea of Unsuccessful Missions ,I. 
The analysis ,.,f all airborne missions has been made accord­

Ing to the following ba.sic causes of unsuccessful missions: I : I
I 

I' 
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TABLE xxm 

ANALYSrS·OF PHASE II (LAUNCH-TO-TARGET) 

Distribution of Causes for UnsuccesJilful Minions on GAM Nos . 75-101*i I 

"I ' 

i ! 
category 

Unsuccessful Missions: 

A - Inadequate field equipment, 
maintenance, and support. 

B - Inadequate Contractor 
procedures and technical 
support. 

e - Equipment failures and 
possible equipment failures. 
(Inherent Unreliability) 

.? 

Successful Miasiona 

. at AFMDC (Holloman) 

First 15 

Missiles 


20.~ 

13.3% 

46.7% 

20.0% 

La.st 8 

MissUes 


12.5% 

la.5% 

12.5% 

62.5% 

Report No. 56-989-120 

Total at 23 

Missiles 


17.4% 

13.(1% 

34.8% 

34.8% 

*GAM Nos. '18, B6, 92 and g5 were not tested at Holloman. 

the weapon system performance using the last eight missiles as com­
pared to the first 15 missi!ss. 

Using the results of the la8t e ight miBsil£'..5 launched at Holloma.n, 
the observed successes were: 

Percent 
Mission Success 

Phase 1 (TakeoC!-to-Launch) 38.1 

Phase 11 (Launch-to-Target) 62.5 

Over-ali Weapon System Success 23.8 
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Holloman. Also included are the contributions ot other items such as 
beal!ons, tBlflmeterlng, range support equipment, B~47 aircraft, and 
SandIa equipment. 

E. ANALYSIS OF FLIGHTS BY BASIC CAUSES OF FAILURE 

The flights recorded in Appendix A were ana.lyzed with respect 
to the three categories 01 causes for unsuccBsa1ul missions given in 
pll.l'agraph VIII-B-4. 

Table XXII shows the distribution of causes for 1,lJl8uCCllssful 
missions for Phase I (takeo!1-to-Iaunch) of the airborne operation for 
the first 15 missiles, the last e ight missiles, and the entire group of 
23 missiles. During this phage there is shown an increase in the 
number or successful miesiotl.B [or the last eight missiles as compared 
to the first 15 missiles. 

Table XXln shows the distribution of causes [or unsuccessful 
missions fot Phase II (launch-to - target) of the airborne operation for 
the .first 15 misSiles, the last eight missiles, 3.l1d the 23 missiles. 
Dul'ing this phase there is shown a very significant improvement in 

TABLE XXII 

ANALYSIS OF PHASE I (TAKEOFF-TO-LAUNCH) 

Distribution of Causes for Unsuccessful Missions on GAM Nos. 75-101* 
at AFMDC (Holloman) 

Category 

Unsuccessful Missions: 

A - Inadequate field equipment, 
maintenance, and support. 

B - Inadequate Contractor pro­
cedures and technical sup­
port. 

e - Equipment failures and 
possible equipment failures. 
(Inherent Unreliability) 

Successful Missions 

First 15 

Missiles 


2{).1<i{. 

8.5% 

43.1% 

28.3% 

Last 8 
Missiles 

9.5% 

0% 

52.4% 

3S.1% 

"GAM Nos. '18, 86, 92 and 95 were not tested at Holloman. 

Total of 23 
Missiles 

17.1% 


6.1% 


45.7% 

31.1% 

I 

I
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TABLE XXI 

ANALYSIS OF HOLLOMAN AIRBORNE MISSIONS 

This analys15 shows the breakdown of the weapon system into the 'Various equipments in which 
malfunctions* were observed during unsuccessful missions. 

GAM NOS. 75-101 LAST EIGHT MISSILES 
(23 Missiles) 

Based On Based On Based On Based On 
Equipment MIssions Failures Missions Failures 

No. % No. % No, % No. % 

Unsuccessful Missions: 

Missile Tactical Equipment 33-1/2 45.3 39 48.75 11 52.3 14 73.6 

PropulSion System " . 8-1/2 11,5 9 11.25 3 14.3 3 15.8 
Flight Control System 4-1/2 6.1 (j '7.5 1 4.8 2 10.5 
Non-Emanating Guidance System 1 1.4 1 1.25 1 4.8 1 5.3 
Emanating GuIdance System 11 14.8 14 17.5 4-1/2 21.3 6 1.5 
GAM Auxiliary System 8-1/2 U.5 9 11.25 1-1/2 7.1 2 10.5 
Fuzing System 0 0 0 0 0 0 0 0 

Carrier Tactical Equipment 15-S/S 21.4 20 25.Q 2 9.5 2 10.6 

AN/APW-17 System 13-1/3 18.0 17 21.as 2 9.5 2 10.5 
Miscellaneous System 1-1/~ . 2.0 2 2,5 0 0 0 0 
Operator 1 1.4 1 1.25 0 0 0 0 

'X'elemetering 2 2.7 2 2.5 0 0 0 0 

Beacons 3 4.1 4 5.0 1 4.8 1 5.3 

S-Band 
L-B:md 

1 
2 

1.4 
2.7 

1 
3 

1.25 
3.75 

0 
1 

0 
4.8 

0 
1 

0 
5.3 

Range Support Equipment 5 0.7 6 7.5 1 4.8 1 6".3 

Sandi.a Equipment 1-1/2 2.0 2 2.5 0 0 0 0 

B-47 Aircraft 5-1/6 7.0 '1 8.'75 1 4.8 1 5.3 

Successful Miss10ns 8 10.8 - - 6 2<1.8 - -
Totals 74 100.0 80 100.0 21 1

100 
• 
0 19 100.0 

I 

Either failures occurred in these equipments during the airborne operation 01' the equipments 
were not operable prior to take-off. 

*Note: 
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(1) 	 First 15 missiles. 

(2) 	 Last 8 missiles. 

(3) 	 Total of 23 missiles. 

4. Basic Causes of Unsuccessfu1.MisBion.s 

The analysis -of all unsuccessful aIrborne missions has been 
made according to the following basic causes: 

Category 	 DeflniUon or Category 

A (1) 	 Inadequate field maintenanc.e by Con­
tractor personnel. 

(2) 	 Inadequate range sup p 0 r t by Air 
Force. 

(3) 	 Inadeq:uate weapon system supporting 
equipment such as K-4 8 Yso t ems, 
Sandia equipment, 8-47 a.ircraft, and 
ground tracking stations. 

B (1) 	 Inadequate Contractor maintenance 
procedures and test procedures. 

(2) 	 Inadequate Cont.ractor technical sup­
port. 

c (1) Part faill: BS. 

(2) 	 Equipment failures . 

(3) 	 Poasible eqUipment faUures. 

Note: 	 The items 10 Category C constitute 
a measure of inherent unreliability 
of equipment. 

C. 	 RECORD OF HOLLOMAN AIRBORNE FLIGHTS 

During lhe flight test program. at Rollom:m, ?4 weapon system 
(missile plus director azrcraft) lake-orfs wers necessary to laul~ch the 
last 23 R&D missiles. 'l'he missionwitb.CAM No. 76, on 2 August 1956, 
which was aborted due to poor weather was not included in this analysis. 
A complete record of the 74 airborne 11ights, together with the previ­
ously-defined categories of causes of \lnsuccesslul missions, is given 
in Appendix A. 

D. 	 ,ANALYSIS OF UNSUCCESSFUL :"LIGHTS BY SYSTEMS 

Table XXl shuws the contribution of each system of the ta.ctical 
weapon system to the unsuccessful alrborne missions experienced aL 

I ­
I 
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SECTION VIII RELIABILITY ANALYSES OF HOLLOMAN AIRBORNE OPERATIONS 

A. DESCRIPTION OF TACTICAL EQUIPMENT 

Twenty-three R&D missiles, in tne block GAM Nos. 'l5-101, were 
flown. during the period May lG56 through October 1957. The iast eight 
of the R&D missiles were of a bigher-reliabUl.ty configuration, COD­

taining substantial Improvements over previously-flown mJulles. Fur­
ther, the director aircraft guidance systems used to hunch these eight 
missiles each contained twenty-three production components which 
"'~l'e a!gn!!i'::llntly more dependable than the well-worn prototype COOl­
p{\lleilt~~ Pl!YN'l~u81y used at AFMDC. As further substantiation 01 the 
higller !"s-l.ti~~Clt'Y of the last eight R&D missiles anci the associated 
direc~:;. t?~ic;r.ems. live of the eight missiles demon~trated 100% rel1 ..­
bill'.?" aft-lin' lri;mch ~nd were guided within a 1500-foot radial miss­
distar"~. 

-Between October 1955, the start of the expanded reliability pro­
gram, and May 1956, three missiles (GAM Nos. 58, 63, and 64) were 
flight tested solely to acquire additio_nal data for Sandia. The three 
missiles were not includ~d in the reliabiUty program missiles because 
they were of a lQ'Rer-reliabUlly con1iguration and did not include the 
Ben Aircraft ro.:ket engine which became effective on GAM No. '15. 
Tlle test results of the tbree missiles are not included in this analysis. 

B. METIJOD OF ANALYSIS 

'fhereliability analysis of the last twenty-three R&D missiles 
flown at AFMDC, as contained in this section, includes the following 
four a.spects: 

1. Succeats of Mlsslons 

The percent 8ucceSr:J of the airborne missions Is expressed 
as the ratio of observe'i successful missions to the attempted airborne 
missions. 

2. Phaaes 0: Flight 

The all'borne mission of the Rascal weapon ~ystem is 
analyzed by each of the two flight phases: 

Phase 1 - Takeoff-to-Launch 

Phase U - Launch-to-Target 

3. Groups of Missiles 

The analysiS is based on three groupings of the R&.D missiles 
and associated director aircraft systems: 

4.1 
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Item 

DC3, 003 Tuhe. in 
Servo Power SllPPlJ 

Tantatum capacitors 
In Plteh and Yaw 
Command .Modb.l~totd 

Stable Pl!ltlD~m 

A' ''Ing and nitrogen 
leakage In searcll 

:urteJ'rnll Ieedhorn 

C!ov~r Unit 


ReSistor R- 803 in 

USR ModulAtor 


"R-l80l, CR- 1602 
Cl .1sta.1a in USR 

1 _ ~t" unlt 


Blow .... Molota In 
EMnhtl.llng Guld-
BtiCe 

CR- 501 Cry.lal In 
neola, Trunsmltter 

l'S. ~?Ol Trnnop.c 
In Dive Anglo 
-Computer 

IRCS Accelenlln. 
eler 

MIssile VolI_go 
Regul:llo r 

Ga15 Oenerafar 
Jlaekl1go Len.kage 

In,pl'{lvement Made 

CirculI madW.aUa.; .eplaced 
oca ""of o m lub.. wlt~ 0'\3 
lube., 

Manlliacturer prov1<ll'!d im­
proved capacito rs trom 3 JlfW 
prodv.cllan l'1.In. 

Repl .. ced Inq>roved tantalum 
capaeltors with paper tAp&C-
Itars 1n II redeaJgned clrcutt. 

A nyl(ll\ bT'llk~ was uled, pUf:h. 
potelitiomeLe:r wu repllIced 
with synchl'o hanadllcQr, 

L~rger cover de\!e.lopedJ wJlb 
bc:t1er ;uJheslve to le~dhDl·JI. 

R- BOa was changed Irol'l1 a. 2­
",,,It 5% eMboli rompoalllOn 
to a 5.waU 3% wfre- WDUrtd 


r'lIil sLor. DurJng FUllctional 

Teat.! 


Filte.....or~ added to cry.t.l 
mOnitoring c1.tcuit; test lead.! 
wred wmonitoring eryatal 
~urreJ'lt 'Were sh.ortened; Im­
provem..nld Were ",.de In leal 
·box to mOtlltor Ol'ya!al Qur­
rent . 

lnatillled hnptoved ly~ 
blower motar. 

n.. Te9t IGada wtlJ'e shortened. 
h. Improvenlonttl were: made 

1ft tho leat box; UBE!ld to 
monitor t:lYst~l curr9n~. 

PS.. I101 tranap2c W0Ii3 IQ­

.J)I,ac(ld: with a Ball Ail'r.l'~ct 
<tesllll\ed 11- C tuarn.n~ 8ul>>>ly 
using aUteuR dlode re-c.tlliera 
In pl,,"o ot ... Ien!um type 
reclUloIs , 

Spe£1~1 _hipping eant.lru>ro, 
Nolo. IUler capacUor, 
Bell A1Tcrillt seal ing technlque~ 

U... 01 derallng and salet)' 
Lactors, Improved relay, 
selected tubo~, and ltnp,o••d 
workrn....h!l' 2nd ~••kaglng 
lcc1tnlguell . 

R.epll~etl gaakel mida ot bhli! 
A(t't~M u1Je~dCla wfth cme 
mild~ of Canar:ilan asbeBtoe . 

TABLE XX 


VERIl'IIi:D IMPROV!:~'.sNTS OF PARTS 


Ob,arvllld F-ailure Rate 
(During Missile T~aU.r) 

Before 
rmprovemell.l 

~O/6:160 

iG/3S,600 

18/33,600 
(Orlslnol 

Cap!1eltor) 

07/4,000 

13/1,250 

13/1,740 

62/5, 'l60 

~4/31,2~q 

23/2, 720 

~o/a;HO 

40/17,300 

~2/248 

~g/a4 

AUer 
Improv4!m~nt 

1/14,000 

11/92,800 

0/40,000 

89/18170 

o/3 ,mio 

0/3,760 

H/H,HO 

./20,750 

3/e,820 

a/7,\?6 

7/12,600 


8/6'1.6 

(llalled on cycl•• o[ opc~nll"o) 

1/68 .7 15 H :l I I I 

MIlIlmu", MTBF Minimum 
(90% Conflden._} Jmpl'oYe:me.nt 

Belore 
Impro~ml!nt 

110 

I,GOO 

1,500 

50 

66 

9Z 

78 

sr·o 

89 

145 

530 

8 

RaLiD Aner 
lmprovement (90%. ConfJdenee) 

3,600 Z2~1 

2,15,590 

1'1, 4 00 1;,1 

210 3:1 

1,0011 {1,1 

1,530 8;} 

700 6:1 

3,720 4:1 

1,020 6:1 

3,120 9:1 

I,07~ 2!1 

50 "~ , ) 

(B.a4e.d on number or engil((!8 tested aJ'Id numbet- ¢! lep.~ o'D~erved). 

.. 

J"' 
1 

r" 
I. 

1 

I 
i · 'I. 

I 
J 

I 
I 
f ' I· 

t; 
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TABLE XIX 

IMPROVEMENTS IN FOUR COMPLEX ELECTRONIC COMPONENTS 
(ThU'i!lg Factory a..'1d Field Teate) 

I Mean-Time-Between-D.lscrepancies, In Subsystem Operating Hours 

Electronic GAM Nos, GAM Nos, GAM Nos. GAM Nos. GAM Nos. GAM Nos. 
Component 75-85 B7-101 102-111 112-121 122-134 201-222 

Radar Modulator 50 37 82 130 ·174 372 

Radar R-T Unit 15 22 40 100 101 133 

Relay Transmitter 11 14 36 72 42 '74 

Command Unit 17 34 42 42 41 '17 

" I 

F. VERIFIED IMPROVEMENTS OF. INIiIVIDUAL PARTS 

'Illi'l Bubsection shows Bome 01 the Bpecilic problems for which 
quantltaUve improvements have been d·ocumented. The observed 
failure rates, shown in 'fable XX, are given for the miBsile test phase 
(Le., the cQ:rnponents • "parts were operated in a missile), unless 
otherwisenoted. The failu11:! rate is expressed as the number of failures 
ob;served divlded by the number or part-hours of operatiou (Buell as 
50/6760), or the number of failures divIdedby the total cycles of opera­
tion, dependmg on the nature of. the eqUipment being analyzed. 

1 

To provil;ie a measure of lltatll!ltical significance, these failure 
rate data are shown in the form of the minimum 90% eonHdence limit 
for each mean-time-betweeil-failures (MTBF). These data are of 
greater uaefuinesil thall the observed MTBF since it can be stated, with 
90% conlidence, that the actual MTBF for this equipment 1s no less than 
that presented in Table XX. It ca.n be !ul'ther stated, with 90% confidence, 
that the actual improvement ratio for eachpart Is 'no less than the figures 
contained in the Improvement ratio column. 

I 
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TABLE XVIIi 

lMPROVEMENTS IN SIX MAJOR SYSTEMS IN THE RASCAL MISSILE 

(Expressed in Mean-l'ime~Between-Failure8 in Hours, as Measured During 
Factory Tests) 

R&D Missiles Production Missiles Reliability 
Major System (GAM Nos. 75-101) (GAM Nos. lO2-2n) Imprcvement 

Flight Control 18.9 35.2 1.9-to-1 

Non-Emanating Guidance 45.2 70.9 1-6-to-1 
(Inertial Range Comput­
ingSystem) 

Emanating ·Guidance 10.4 20.4 2.0-to-1 

PropulsiOll (Engine Only) 6.8* 15.6* 2.3-to-1 

GAM Auxiliary (Leas 15.4 44.2 2.9-to-1 
Hydraulic Pump .a.nd 
Delay Timer) 

Fuzing No Failures Observed --­
*Based on engine acceptance test data. 

E. 	 VERIFIED RELIABILITY IMPROVEMENTS rn ELECTRONIC COMPONENTS 

!<'our of the most. complex electronic components, representing 
25% of the complexity of the entire miSSile, demonstrated the most 
significant improvement in the reI,.,bllity of electronic components. 
An analysis made of the total discrepancies observed dUriug mlssile 
testing shows, in Table XIX, the very large improvements obtained 
on the four components during the Rascal reliability program. 

The inCrease in reliability of the Radar R-T Unit and Radar 
Modulator was attributed to the following actions t;$:en by the vendor: 

(1) 	 Incorporation of desigu improvements and better pa:rts. 

(2) 	 AppUcation of safety factors and (ierating factors in the use 
of parts. . 

(3) 	 Use of standardized Bell Aircraft workmanship techniques. 

(4) 	 Subjecting of all components to limited-environmental t~sts. 

Sirn!lar llDprovements were incorporated into the Relay Trans­
mitter and the Command Unlt at Bell Atrcraft Corporation. 
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TABLJ:XVU 

DIRECTOR AIRCRAFT SYSTEM OBSERVED lIEAH-TIM2-BE'IWEEN-YAILUREII (~ HOURS) DUlIlNG FIELD TESTS 

Hollo...... Elllln 

O"jllnal ProIotyPO Syat.ma 
PTo(o.l~ SYllem.o 
1/01. ~. U IIlIn 

23 J'rodllcliOI\ 
Compqnenta 

Aut[. 51-Oct- 57 

PrD<hlot!on 
Syllom No. 10~ 
l~ Fob. ~1 to 

15 Au,. ~1 

Total 
Fl!!b. 5a 
lhrouat. 
Oc~. 57 

Pro<IuctloR IIyllem 
Nol. 108, 118. 1::1.0, 
121 " 1~ Du.lng
TolalOpel;'aUon 

$1~tero 
Gou 

(J~ Houno) 

Noa. NoS 
Feb. 5& 
t~r""i" 
Aq. sa 

NoI. a.14 
Sept. 5& 
thrOUlh 
.ran. 57 

N... ~H 
iob. &~ 
IhroUlh 
July ~7 

Dln:ctor Aircraft u_s 4.~ 7.1 5.~ 6.5 . 11.7 S.{ 15.5 
Guld..... (ANI 
Apw-n) 

Dlreclar Alrcra.rt 86.0 Z3.8 48.5 130.0 18D.0 O..,l.Ior I"", n.~ 4U.Z 
ltU..eeUaneou. 125.0 

Df:rocclDr AircralL 12.~ 3.8 6.3 5.2 6.3 11 . 7 5.9 14.6 
OY."-Ill 

3. Total Director Aircraft 

The l'el1abU1ty trend of the Director Aircraft System, con­
slsting of the AN/APW-l '1 System and the Director Aircraft Miscellane­
ous System, 1& shown graphically In Flgure 5 for ground and al.rborne 
operations. Tho AN/II.PW-l? System, becaul!le of ita very great com­
plexity provided the main ",ifeet on the over-all reliability' of the Direc­
tor Aircraft System as can be seen by comparing the values of the 
AN/APW-l'7 System to the over-all Director Aircraft in Table XVII. 
The Director Aircraft System at Eglin demonatrated a. :'..3-to-l im­
provement over prototype equipment used to launch the lallt eight R&D 
missiles at HoUoman. 

D. VERIFIED IMPROVEMENTS IN MAJOR MISSILE SYSTEMS 

An analysis of test data for tue six major systems of the Rascal 
missiles, r-ecorded during the final test phase in the factory, 1 • .shown 
in Table XVIll. It will be observed that the improvements between 
major systems lnstallec;l. in R&D m1ssiles and production missiles 
(E&ST and Squadron m1.salles) ranged 1rom 1.6-to-1 up to 2.9-to-1. 
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Average Number of Composite System 

Tests Conducted on Missiles Before 


Being Considered Acceptable for 

Groups DC Missiles Delivery to the Customer 

R&D Missile!!: 

GAM Nos, 75-85, 95 	 6 
GAM Nos. 87-101, less 95 19 

EllS'!' Missiles: 

GAJdNos.102-103 	 19
'7 (Average of 8)GAM Nos. 104-121 

Squadron Missiles : 

GAM NOB. 	122-134, and B 

201-221 


The growth of reliability of the Rascal missile is graphically 
shown in Figure 4. The E&ST missiles required an average of only 
eight compOslte system tests before acceptance and, in additlo!l, reached i 
a higher degree of 8uccessiul performance earlier in the test phase than L 

previous missiles. The squadron missiles reflected even a higher 
~ -

reliability, sti1l9arlier in the test phase. ! 

C. VERIFIED IMPROVEMENTS IN THE DIRECTOR Alli.CRAFT 

1. Director AircJ;ait Guidance (ANIAPW-17) System 

Table Xv!.l shows the improvements observed on the Director 
Aircraft Guidance System during ground and airborne tests in the Held. 
The first significant improvement can be seen aiter the introduction of 
production system No. 10'l, used to launch two of the R&D missiles. The 
productlon systems used at Eglin to launchE&ST missiles demonstrated 
a 2.4-to':'1 Improvement over the prototype systems used to launch 
the last eight mlssiies at Holloman (these prototype systems contained 
23 production components). The later productlon systems, System No. 
121l and subsequent, which were installed in B-47 ah'craft to launch 
squadron missiles, were expected to give a signulcantly higher relia­
billty than earlier systems because of the incorporation of worthwhile 
design Improvements. 

2. Director Aircraft Mi.scellaneous System 

ITable XVII shows that the Director Misce1l3.neouS I>ystcms 
at Eglln d emonstrated a 2. .5-to-l improvement over the eqUipment in 
use at Holloman at the end of the R&D progr:.m. r 
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TABLE XVI 


OBSERVED RELIA9ILITY OF MlSSlLES.AT THE COMPLETION OF 

FACTORY TESTING 

Prior to Expanded Reliability 
Program, October 1955 
GAM Nos. 4'7, 49-56 (R&D) 

After Expanded Reliability Program, 
October 1955 

GAM Nos. 75·65 (R&D) 

OAM Nos. 87-101 (R&D) 

GAM Nos. 102-111 (E&ST) 

GAM Nos. 112-121 (E&ST) 

GAM NO/:l. 123-134 (Squadron) 

GAM Nos. 201·213 (Squadron) 

GAM Nos. 214-221 (Sqll~dron) 


Total Tactical Mllaile, 

L)\cluding Propulsion 


System 

30%*" 

53%oF 
69%** . 
. 
--
-

Tactical Ml.Bslle, 

Lea= Propulsion 


Sy.tem 

45%*** 

66% 
'19% 
91% 
90% 
89% 
88% 
90% 

"One-nall of Ulese missiles were given ground-firing tests. 

**One-third of these missiles were given ground-firing tests. 

***Appl'Olcilllate. Rellortlng system Wall not fully effective. 

2. Success of Composite System Tests 

Effectlv.e with GAM No. B'l, reliability requirement. !or con­
ducting at least 15 composite system tests in the factory were estab· 
lished. This deCision was based on the debugging characteristic ob­
served on the Hie test missile, ·GAM No. 78, As the reH.bUlty of 
production missiles increased duriJ\K the Rascal program, the need for 
the factory debugging teats dlmir.lsbed and, effective with GAM No. 104, 
the requirement 10r composite system tests was reduced from 15 
(m inimum) to 5 (min~mum). The fonowing tabulatiOn sho.wB the average 
number of composite system telJts conducted on, the varioUs conflgura· 
tionS of the Rascal mistle, effective with GAM No. '75, 
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SECTION VII RASCAL RELIABILITY IMPROVEMENT PROGRAM 

This section 01 tne report summarizes the baslc methods and 
results of taking correctly."" actlon on problems e;ll:perienced on the 
Rascal Weapon System. 

A. RASCAL CORRECTIVE ACTION PROGRAM 

The origin'ill correctiv~ action program for the Rascal Weapon 
System utilized Discrepancy Analysis Teanls (described In SectionIll-A, 
Bell Alrcra1t Corporation Report No. 56-989-109) to investigate failures 
and specify necessary corrective actions. Approximately 650 teams 
were 10rmed In the period October 1955 to November 1957 to analyze 
and solVe tndlvldual problems. 

AB the reliability program progressed and as Iatge quantities of 
validdatabecameavailable,amore efiecllve method was established tor 
taking corrective action on Rascal problems. Problem definition she~ts 
were established. for aU known repetitive problems and a priority of !I
importance was assigned to each problem {described in Section II, 

f 
Bell Aircraft Corporation Report No, 56-989-1l7} . By this method, 
over two hundred ~roblems were analyzed. 

The importance vi the t.wo hundred repetitive problems is shown 
by· the fact that, in the varlous factory and lif'ld test areas, these 
repetitive problems constituted from '15 to 90% of all discrepancies in 
the missile and Irom 40 to 60% of aU discrepancies in the Director 
Aircraft System. Because of time and funding limitations, during the 
latter part of the R&D phase and during the E&ST ·phase, only 36% of 
the documented repetitive problems were eliminated by effectlve 
corrective action. 

B. VERIFIED RELIABILITY IMPROVEMENTS IN THE MISSILE 

1. Observed Reliability 1. 

A significant increase in the level of observed reliability of 
missiles tested in the factory after the inception of the expanded relia.­ I 
bility progrll,m has been verified. Table XVI compares the observed 
reliability of missiles as measured in the last phase 0-£ factory testing 
at signi1icant points in the program: I 
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SEGTfDN VI SUMMARY OF OPERATlON~ AT McCOY AFB' 
A. DIRECTOR AIRCRAFT SYSTEM RELIAEILlTY 

The 1nstallation of Director Aircraft Guidance (AN!APW-17) 
Sy~tems in B-4'7 aircraft 'lIas completed on schedule as part of the 
over-all program of converting these aircraft to Rascal-carrying 
DB-47's. 

Thirteen AN!APW-17 system's (serlal Nos. 125, 126, U8 - 13B) 
were bench checked and installed in 1:1-4'1 aircraft which had undergone 
modifications to the airframel'! to permit the carrying and launching of 
GAM-63A Rllscal mIssiles. One additional system (Spare No.1) was 
bench checked and kept at McCoy Air Force Base ail- a bench set for 
use In troubleshooting. 

Since this program was essentially an installation program and 
not an extended teBting p~ogr;un, tests were oonducted only to ensure 
proper installation of the ANIAPW-17 systems. 

Tabls XV shows the failures observed on the ma.jor ilubsystema 
during the initial installation tests. The fa.ilure rates derived frolll 
the:le data do not represent the true reliablHty of the AN/APW-l'1 
system in that the systems were Dot completely debugged after Installa.­
tion and captive flights (airborne tests using a Rascal misstle or an 
airborne missile simulator) were not c.onducted On the thirteen systems. 

TABLE XV 

AN/APW-17 SYSTEM TESTS AT McCOY AIR FORCE BASE 

-
Subsystem 

Item 

Terminal 
Guidance 
Control 

Subsystem 

Relay 8: 
Command 
Subsystem 

Automatic 
Checkout 

Subsystem 
Auxiliary 
Subsystem 

Automatic 'l'racking 
IWlay Antenna 

Subsyatem 

Subsystem Failures 

·rota.l Discrepancies, 
Including Inspection-
Type Items 

Operating 'rime 
(Hours) in B.4'7 Air =a£t 

Total Operating Time 
(Hours) on Bench and 
in B-47 Aircra£t 

5 

~5 

121.5 

245.7 

3 

11 

85.9 

158.9 

1 

4 

83.0 

298.9 

3 

1\ 

187.5 

426.3 

0 

0 

20.8 

34.9 

B. MISSILE RELIABILITY 

No Rascal mlssl1es v'ere tested at McCoy Air Force Base during 
this quarter. 
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2. Propulsion Engine Analysis 

Engine acceptance tests In the factory and observed per­
formance 01 the rocket engtne at Eglin AYB are considered the most 
valid sources of data from which to calculate the use reliability of the 
Bell Aircraft rocket engine. It should be noted that the remaining com­
ponents or the propulsion system (tanks, etc.) are excluded (rom th.1,s 
analysis. 

Observed Rf'liability In 
Percent of. Successful Tests 

Factory Engine Acceptance 96% 

Tests (Inherent Reliabllity) 


Alrborne Results of Rocket Before Mter 

Engine Teets obeerved at 30 June 58 30 June 58 

Eglin AFB (Operational 81.2% 100% 

Reliability) 


Observed Use Reliability jor 84.6% 100% 

the number 01 attempts shown Based on 16 Based on 14 


attempts. attempts. 


3. Director Alrcraft System Analysis 

The most rigorous tests on the Dlrector Aircraft System 
were those extensive tests conducted at Eglin AFB on the ground and 
in the air. 

Observed reliability during ground 
tests (this is a measure oC inherent 
reliability) . 89.6% 

Observed reliability during airborne 
tests (this is Q true measure of 
the airboxlle operational 
reUabillty) 83.6% 

Use Reliability" Operational ~ellabilitl '" ~ '" 93.3% 
Inherent Rehabillty 89.6 

... , 
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The !·U minutes consumed at Eglin to check out the director 
equipment prior to launching a mlBaUe, plus the time required to nide 
the missile in !light, were Ia.r in eXCBliB oC the orlglnillly-phm"eCl 1111 
minutes lor this function. . 

F. DETERMINATION OF USE RELlABILITY 

!. Missile Analyst.!! 

The most rigorous and statistically-valid teats on the Rucal 
weapon system which produced dab: from which. to calculate Use 
ReUabllity a.t Eglin AFB were tho_e conducted on the ml••Ue, letlll the 
propulsion system and leS8 the propulSion-assocIated components of 
the GAM auxiliary system. GAM Nos. 102 UK! 103 were not COlUlldered 
fer this purpose becaUl:le they were ut1l1zed at E~lin to a large degree 
lor Air Force training purpoae$. 

a. Analysis Based on Observed ReIlab1l1ty 

. Tbe observed rellab1l1ty (this is the probablllty of no 
faUures during one hour of operation) of the EIzST milsHe., lell pro­
pu18!on system and les8 propulslon-llBsoetated GAM lluxl11ary components 
follows: 

Observed RelW,lUty in Factory on 
GAM Nos. 104-117 (lnherent Rellabilit.y) 90.9% . 

Observed Reliability at Eglin AFB, based 
on ground and airborne tests on GAM 
NOB. 104-117 {To~l Field Operatlonal 
RellaoH1ty) 84.9% 

Use ReliabiUt '" Opera.tional Reliabl11ty '" ~ = 
Y Inherent Reliability 90.9 

9:l.4Cl" 
If) 

b. Analysis Based on Success of Composite System Tests 

The observed percent of successful composite ayateu;! 
tests on the E&ST missiles (GAM Nos. 104-117). less propulsion system 
and less r.ropu!sion-aII80cia.ted GAM auxUiarycomponenb. follows: 

Obaerved Percent lfuccesslul COnllXlsite 
SY5tem Tests In the Fa.ctor)' (Inherent 
Rellab1l1ty) 66% 

Observed Percent SUccessful Cornpo1Jito 
System Tests at .li:gUn AFB (Field 
Ground Operationa.l Reliability) 60% 

- : 

Use Reliabilit = frSerational ReU~bilitz 60 
y nherent ReUabihty = 66 91% 

'"!iF. . 
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GOAL BASED ON 70% RELIABLE WEAPON SYSTEM -le.4 HOURS1------ - -- _______________ 
- '--

I 
l-

I-- f0- r-- t-- I-~ ~ 

3 .8 6.3 !5 . 2 6.3 11.7 5.9 14.6 
MTBF MTBF MTBF ,.TBF MTBI" ..TeF MTBf 

ORIGINAL PROTOTYPE SYSTE1;; 
PROTOTYPE PRODUCTION TOTAL PROOUCTION 

SYSTEM SYSTEM SYSTEM SYSTEM 
NOS. 586 NOS. !S 814 rJC " . 5 81...;<. NOS.!S 6 14 WITH NO. 101 NOS. 5,6, NOS. 108, 

23 PROOl)CTION 14 a 107 118,120, 
COMPONENTS 1218125 

FEB. 56 SEPT. 510 F~e.1:i7 AUG. 57 15 ,FEB. 57 FE8.56 DURmG 
THROUGH THROUGh Tl-iii:OUGli THROUGH THROllGH THROUGH TOTAL 

AUG. 56 JAN. 157 '; ' I\..Y 57 OCT.se IS AUG. 57 OCT. 57 OPERATION 

AT HOLLOMAN AT EGLIN 
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o 

1 Figure 5. Total Director Aircraft System Mean-Time-Between-Failures Obse: ved Duri,ng Fie'ld Tests 1.­
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n 
Two reliability-type failures were experienced duringground 

and a.irborne testa of the !-ive active Director Aircraft MIscellaneous 
Systems In ulle at Eglin AFB. 

The observed reliabmty of the !Lve system", based o~ 883 
hours of operation and a 150-mlnute planned D:;lsslon, was 99.4% 10r 
the enUre Eglin ground and airborne operation. 

3. Director Airr-raft System 

The observed rellability of the over-all Rucal Dlrector 
Aircraft System, a prod;\,lct of the AN!APW -1 'l syst.em rel1abU1ty and 
the Direetor Aircraft Miscellaneous Sytltern reliabUlty, wa.s 87.9% for 
the entire ground and airborne Eglin AFB operation, based on the 
planned mission Urnee. The observed mean-time-between-failures for 
ilia Director Aircraft System operation at Eglin Is compared to-the 
Holloman observations in Table XVI.! and Figure 5. 

4. Observed Reliability Versus GOii.l 

The reUabllitles observed at Eglin AFB are compared to the 
respective goals established for the Director Aircraft-Systems, based 
on an over;'llll weapon- system airborne rellabUity goal of '10%, in the 
following summary: ­

OBSERVED RELIABILITY 

System 

Director Aircrllit 
AN/APW-17 

Director AiI"cr:-.it 
Miscellaneous 

Over-aIl Director 
Atrcraft System 

Ground 
Tests 

90.0% 

99.6% 

8~.6% 

Captive 
Flights 

93.2% 

97.0% 

90.4% 

Takeoff-to-
Target 

83.6% 

100.0% 

83.6% 

Combined 
Tests 

88.4% 

99.4% 

87.9% 

Goal 

87.6% 

97.1% 

85.1% 

_ These ooaerved rella.bHities, except for takeoff-to-target, 
are based on 115 minutes of planned mIssion time jor the Director 
~..lrcraft GUidance (ANIAPW-17) Systam a.nd 150 minutes of planned 
mission time for the D1rector Aircraft Miscellaneous System. The 
takeoff-ta-target tigu.re is given in reUabllity per Eglin mission. 

The observed average operating time for each system, for 
complE-'tcd miBsions on tlte Eglin !iring range, was: 

Director Aircraft Guidance System 141 Minutes 

Director ~ireraft Miscellaneous System 141 Minutes 

29 
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E. DlRECTOR AlRCRAFT EQUIPMENT RELIABILITY 

1. Director Aircraft Guidance System (AN!APW~l'7) 

The observed relLabilities during ground and airborne tests 
for the five a.ctive Director Aircraft Guidance Systems (ANIAPW-17) 
In use at Eglin AFB were as presented in Table XIV. 

TABLE XlV 

AN!APW-1'7 Installed In Observed 
Sy~tem No. DE-47 No. Reliability· 

108 346 90% 
118 187 87% 
120 165 91% 
Ul 
125 

186 
168 

87% 
82% I 


·This observed reliability Is the probability of no failures 

occurring in ~e A.NIAPW-17 system during the 115 

minutes of planned operation accumulated during a u.ormal 

airborne mission or during 115 minutes of ground testing. 


The over-all reliability data for the nve ANIAPW-17 syetema 
fonow: 

System Operating TIme 807 Hou.I'S 
Airborne Operation 189 HourI> 
Ground Operation 618 Hours 

NumbfH' of Relill.biUty ­
Type Failures 52 


Obse.rved Reliability Per 
Planned MisSion 3~.4% 

Mean-Tlme-Between-Failur>3s 15.5 Hours 

The observed mean-time-between-~ailures for the Director 
Aircraft Guidance System a.t Eglin AFB in compa~ed to the Holloman 
observaUollB in Table XVII. 

J 
2. Director Aircrait Miscellaneous System 

The Miscellaneous System in tile Director Airl!rait consisted 
of: 

(1) Missile Release NaVigatIon Computer SUbsystem 

(2) Hydraulic (GAM Associated) SubsYlftem 

(3) Electrical lGAM Associated) Subsystem 

28 
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TABLE XII 


RASCAL PROPULSION SYSTEM PERFORMANCE DURING AIRBORNE 

OPERATIONS AT EGLIN AIR FORCE BASE 


Item 

Phaae I (Takeoff-to., Launch) Phase n (Launch-ta-Target) 

.Prior to 
30 June 1958 

.After 
30 June 1958 

Prior 10 
30 June 1958 

Alter 
30 June 1958 

Attempts 

Successes 

Per Cent Successful 

16 

10 

62% 

14 

14 

100% 

3 

2 

67% 

8 

7'* 

88%· 

'* The one unsuccessiul airborne propulsion system operation during this 
period was caused by a procedural efror in draining the fuel system, 
causing cavitation In the fuel tank during !light. 

3. 	 Performance ot Propulsion-Associated Components in GAM 
Auxlllary System 

The propulsion-associated GAM auxiliary components in the 
Rascal missile w"ere: 

Hydraulic Pump . Alternator 

Delay Timer Voltage Regulator 

The percentage of successful operatlon for the four com­
ponents In this group was calculated from the attempts and successes 
of missions, ra.ther than from elaplled time of operation. The per­
formance at this group of components durtng Phase 1 and Phase II of 
the airborne mission is shown In Table XnI. 

TABLEXlll 

AmBOllliE 'rEST RESULTS FOR PROPULsION-ASSOCIATED 

COMPONENTS OF GAM AUXILIARY SYSTEM AT 


:EGLIN AIR FORCE BASE 


Item 

Phase I (Takeoff-to-Launch) 

Prior to After 
30 June 1958 30 J\Ule 1958 

Phase IT (Launch-to-Target) 

Prior to After 
:30 June 1958 30 June 1958 

Attempts 16 14 3 8 

Successes 14 12 3 7 

Per Cent Successful 88% ll6"{. 100% 88% 

~L 	 2'7 
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The over-all reliability data obtained from tests on missiles 
at Eglin All" Force Baae follow: 

Equivalent Missile Operating Time 
During Ground and Airborne Tests 

Number of ReUab1l1ty-Type Fallures· 

Observed Mean-T·ime-Between­
Failures 

Ohserved Reliability 01 Missiles, Less 
Propulalon System and Less Pro­
pulsion-Associated GAM Auxiliary 
Components, during ground and air­
borne teat" 

(The observed reliability is tne probabUity 

r910 Hours L 

145 

6.3 Mours 

:r 
L 

r 
.85.3% 1: 

ot ,10 fallure 
during one hour of field testing on the ground or in the air,) r 

The reUabillty goal lor missiles, less propulsion system and 
less propulalon-associated GAM auxillarycomponents, was 86.5%, based 
on a 70% reliable weapon system (equivalent to a mean-time-between­ r(ailures goai of 6.9 hours). 

The observed average operating time ior missiles during 
ail'oorne prelaunch checkout and post-launch operation was 2.2 hours r 
based on the eleven missiles launched over the Eglin firing range. The 
observed average missile operating tUne at Eglin greatly exceeded the ".. 

originally-planned one hour miSSion, conSisting of the prelaunch air­ ~ 
borne checkout and the post-launch missile !lIght. 

2. Propulsion System Performance 

The 
subsystems: 

Rascal propulsion 8Y8te~ consisted of 

Nitrogen.Subsystem 

Turbine Pump Subsystem 

Thrust Chamber Subsystem 

Engine Miscellaneous Subsystem 

Missile Installation Subsystem 

Propellant Storage Subsystem 

the following 1 
1 

A comparison of the periorOlance 01 the propulsion system 
experienced during airborne operations prior to and after 30 June 1958 
is glven In Table XlI. 
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..TABLE X 

TEST RESliLTS FOR MISSILES, LESS PROPUL8lON BYSTBJoC AND LESS PROPULSIO~-ASSOCIATED 
GAM AUXILIARY COMPONilNTB, DURING GROUND AND AIRBORNE TESTING AT EGLIN AFB 

". of Docomber l~!!i 

Item 

Ml8IIlLil NUMIII:NS GA M 
No•• 
102­
J.l7102·· 1W 11K" lO~· lO~ 10ft lO~ 106 1/W 110 111 112 113 lU 115 116 J11·· 

l'lbeerved BallabU!ly ot 
1dls5lh, Leas Propul.ion 
Sy.tcm ~d LeSB Propul.. 
·.""'- As,oel.tad OAM 
Anxil:lal)" Componen.ts.... 

B!$ 86% 8'J'l, 92% U% 8'1% 86'1. 7i% 106'1. lIu% 8G'l, B~% 8l% 8"1% 1~% 8"/% 76% 86% • 

CompwlJte Spltem'reat.: 

N'tlmber Conduetl!![J 

Nomber Successful 

Per Cent Su.cceaa[lI t 

10 

5 

-

9 

5 

-

2 

1 

-

3 1 

2 1 

- -

1 

1 

-

6 • 1 3 

1 " I 2 

.. - - -
2 

2 

-
~ 

3 

-
~ 

? 

-

1 

1 

-

2 

I 

-

2 

1 

-

2 

1 

-
59 

3 4 

58% 

• 	 OAM No. 104 wall rc:tu.J;'JtC:d to t he LocililUcl Depot to repair da.T1\3gu o2.ulled by :uJ .aCid leak. 
'l'he first column ccnt:dn ~ta {:rom teat.. conQuctad on thla m,-.na pritlt to 11. return to the depot; the .econd col l1mn 
JXlnlaina data./ronl fle.tll conduoted a.!tel" tts nturn to Eglin APB u 't rebuilt ml...Ue • 

... GAM No•• 102 ond 117 dId not complet. lIeld tcoW'g at Eglin AFB due to eanc~llaUon o{ Ra.ocal program. 

••• Prob ability 01 no !allur e during .... hour or fIeld t ••tlng. 

TABLExt 

MISSILE OPERATlNG TIME {IN KOUNS} AT EGLIN ArB 

<Cutn-ulatLV8 A. 01 Oe.cembeJ' 1958) 

M.jor Clrcuil 

li1S8ILE NUMBERS GAM 
NOB. 
102­
11-7102·· 103 ln4' 1M" 105 106 107 108 109 110 11.1 112 113 114 lIii U. 11?·· 

M~torPower zas 226 3. 92 130 60 99 104 20 32 01.6 71 33 29 39 15 III 132. 

Non- EmanaUng- Powt:r 212 119 28 09 110 -1., 66 91 16 :29 n 74 30 28 30 14­ 18 1104 
(Servo 8+) 

I1ydraullc an<l Servo 123 115 19 511 78 30 48 69 14 19 32 50 2D 2.0 18 9 14 737 

Antenn:a. Spin DL'ive 97 99 13 45 ..6 22 38 55 1. 17 :1.5 ~8 15 20 16 9 14 595 

IReS 67 1ll 12 0& ~2 19 38 5~ 8 15 19 J{ 17 13 2( 10 9 5(0 

Radar Low Voltage 209 183 ~.. 86 93 ~2 69 58 16 29 30 74 ~O 20 34 14 13 1061 

I\::ldlo '[.ow Volbcg.e 210 1?5 aD ?8 n .z 62 87 !6 29 30 7~ 30 28 34 lot 12 1008 

• 	 GAM No. 1D..j ..... relurned 10 Ille lagLotl•• depot 10 rep.lr dim.,•• eau..d by an acid leak. The nnt rtorumn ~(Jn t~IM dala 
[rom t1.!sts c onducted on thief millllt' pr)or to U. l"etum to the depoe.; the . l1eon'll cohnnn c;;:ontalna d.d", (rom teat" COlldUCl~d 
tJter Ito return to Eglin AFB .... a rebuUt m,..ll"• 

•• GAM }loa. 102 and 117 did nof complete I. Id lestlng al Eglin AFB due 10 C21\ct;Uatlon b! Raacal p'~ogram . 

25 



I 

.. - '-:- - ' .. -=-- -----=- -~- .'---.'--- --- ... -... 

.~ 

--------------------~----·----------------------------~I--

It is significant to note that for seven missiles (GAM Nos. 
106, 109, 112, 113, 114, 115, and 116) the conditione which caused the 
missions to be unauccesBCul were confirmed to be present on take-off 
O~ were analyzed all moat likely to have been pre!lent prior to take-off. 
-This analy.is indicated the firm need for additional checkouts to be 
performed prior to take-off for a launching mlssionor the implementa­
tion of certain precautionary maintenance procedures a.nd poliCies a.s 
applicable to each missile. 

C. 	 WEAPON SYSTEM: GROUND TESTS (COMPATIBILITY TESTS) 

The success of compatibility tests conducted on the Rascal 
weapon system (milleUe and director aircraft) on the ground at Eglin 
AFB is shown in Table IX. 

It was conclUded that the 64% success observed on compatibility 
tests conducted after 30 June 1958 did not represent a degradation of 
hardware reliability, but instead showed an improvement in the ability 
to detect and correct unfavorable c.onditions that couIe! result in l!Iubse­
quent aborts. The more crlUcal testing was considered a direct bene­
ficial result of increasmg the technical support at Eglin AFB. This 
concluBion appeared justified by the large decrease innumber of aborts 
per Dlis:Sile llluncned subsequent to 30 J"une 1958. 

TABLE IX 

COMPATIBILITY TESTS RESULTS AT EGLIN AFB_ 

Comp(\tibility Tests 

Total Number Conducted 
Successes 
Failures: 

(Missile} 
(Director Aircraft) 

Percent Successful 

D. 	 MISSILE RELIABILITY 

Prior to After 
30 June 1958 3D June 1958 

54 45 
38 29 
16 16 

(14) (14) 
(2)(2) 

64%70% 

1. 	 Reliability of Missile, Less Propulsion System and Less 
"Propulsion-Ass'oelated CompOnenta in GAM AuxiliarySystem. 

The observed reliabUities of the E&ST missiles, less pro­
pulsion system and less propulsion-assO!:tated components in the GAM 
aux!liary system, as observed during ground and airborne tests, arc 
shown in Table X. Included in Table X is a record of the cOI:nposite 
system tests conduded on eachmlssUeatEgUnAFB. Table 1.."1 contains 
a summary of missile oper.tling time by major circuits. 
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TABLE VIII 
I 

I 
PHASE II (LAUNCH-TO-TARGET) TESTS AT EGLIN AFB 

ANALYSJf' OF LAUNCHES DURmO AIRBORNE WEAPON SYSTEM OPERATION 
, 

I Date of 
Laun~hi \. 

2-1'1-58 

d 4-18-58 

li-23-58 

6-IS-58 

'1-25-~ 

8-1-58 

i! 
8-22-56: I 8-2S-58 

9- 16-58 

1l-24-58 

11-10-58 

11-18-58 

Missile 

Number 


105 

106 

109 

107 

114 

113 

115 

112 

116 

103 

108 

104 

Laun~blng 

Aircraft No. 


165 


165 


165 


165 

346 

346 

187 

187 

187 

346 

187 

188 

Results in Phull n* 
(Launch-tO-Target) 

Successful. 

GAM AuxHla:ry System failure. 

Rocket engine shpt down at 
approll:. 100 seeonda. 

ElnJUlating Guidance failurs; 
reached target area on Inertial 
Guidance System. 

Emanating Guidance failure; 
reached target uea on Inertial 
Guidance System. Improper 
warhead !iring. 

Launched on Jnel;'l:lal Guidance 
Sylltem; reached target area. 
Improper warhead firing. 

Became unstable after launch. 

Launched on Inertial Guidance 
System; became unstable after 
terminal dive; reached target 
area. 

Became unstable after launch. 

Launched on InertIal Guidance 
system; reached target area. 

Missile launched off coursej 
beacon destruct. 

Launched on Inertial Guidance 
System: loss of power at 97.5 
seconds. 

Notes 

(1) 

(3) 

(3) 

.1 

(2) 

(2.) " (4) 

(2) II (4) 

(3) 

(3) 

(3) 

(2) 

(4) 
,­

(5) 

*A compl~te description of all airborne missions at Eglin will be found in Appendix B. 

Notes: (1) Completely successful. 	 _ 
(2) 	 Successful with respect to use of the back-up inertial guidll!lce and 

autopilot systems. J ' 
(3) Human error - inadequate maintenance or checkout. 
(4) Non-Bell responsibllity. 
(5) Part failure. 

I 
I 



I 

·... -=---;;- -;:-- -- -----; ._---_ .. • 

8 E l V~.,# CORJUITJDI ------------------------11 
TABLE vn 

PHASE I (TAKEOFF-TO- LAUNCH) TESTS AT EGLIN A1i'B 

ANALYSIS OF ABORTS DURING AIRBORNE WEAPON SYSTEM OPERATION 


Prior to 30 June 1958 

Aborts Due to 
Misllile Tactical Equipment Missiles 
Number Failure Launched 

102 2 

103 8 

\04 1 

105 1 1 

106 2 1 

107 1 1 

108 3 

109 0 1 

110 1 

111 0 Note (1) 

112 

113 

114 

115 

116 

117 

I' Totals 19 4. 

Number of 4.8 
Aborts Per 
Missile 
Launched 

Alter 30 June 1958 

Aborts Due to 
Tactical Equipment Mi&SileB 

Failure Launched 

1 Note (3) 

o 1 

o 1 

1 1 

0 Note (2) 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

Note (3) 

5 8 

0.6 

Note (1): GAM No. 111 was jettisoned for safety reasons. 
Note (2); GAM No. 110 was accidentally dropped because of defective 

missile release equipment in the B-47. 
Note (3): GAM Nos. 102 and 117 did not col\lplete field testing due to 

termination of the program. 

2. Phase 11 (Launch-To-Target) Testt! 

Table VIII shows the Phase II (la.unch-to-target) test results 
o[ missiles launched during tne Eglin Air Vorce Base operatlons. 

22 

. I I 

I 

I 
I 
I 

i I 
.LI 

I 

i
i! I 
[ I 

J 

I 

I
~ 1 



- .........11,......,. 


j ~ 
Report No. 56-98~-120! 

1 . 

I
~! 
11 
,.,! SECTION V 	 SUMMARY UF TEST! NG 


AT EGLIN AIR FORCE BASE 


' .. ', 	 Th~s section on the testing program at Eglin Air Force Base , . covers the entire perIod from October 195'7 to December 1958. In 
making relLability analyses of the Eglin testlng, comp~rleonll will be 
made belore and after 30 June 1958, at which time added. Contractor 
support became el!ecUve on the E&ST program. 

I

A. ANALYSES BASED Oli USE OF INERTIAL GUIDA,iCE SYSTE1d 

In September 1958, a dec ision was made by the All' Force to, 
, I 	

continue to check out the emanatlng guidance equipment In the missile 

and in the director aircraft prior to every attempted launch. Then, In 

case the emanating guidance equipment in the missile or director air ­


" I craft would not be operating properly, the missile would be )al'nched on 

I 

the non-emanating guidance system (InertIal Range Computlng System) 

and autopilot system alone. 


n 

1 As a result, for emanating guidance failures 01 this type, the 

failure of the emanating guidance equipment was charged to Phase I 
(takeoff-Io-launch). Also, when the missile was guided to the target on 
inertial guidance and autopilot, Phase II (launch-to-target} was con­
sidered a success with respect k the new objecttve oC "guidance by 
Inertial Bystem alone". 

B. WEAPON SYSTEM AlRBORNE T:ESTS 

A complete description of all airbor.ns misalons conducted at 
Eglin AFB, during the period October 1957 tl) December 1958, is given 
in Appendix B. 

1. Phase. I (Takeoff-To-Launch) Tests 

T apie VII shows the r esults of Phase I {takeo!I-to- launch} 
tests at Eglin Air FO}:ce Bass lor the periods prior to and after 30 
June 1958; Of slgnlflcance here 1s the elght~to-one reduction In the 
number of aborts per missile launched during the period after 30 June 
1958, based on failures in tactical equipment of the weapon system. 

I 
I The impTovement in Phllse I operatIons after 30 June 1958 

was attributed mainly to the effe~lB of using more contractor support 
during thIs per.lod, combined with the decl.lilion to launch several mis­
sHea on the back-up inertial guidance and autopilot systems (i.e. , with­

~. 	 out the eJnanating guidance ~ystem). 

II· 1 21 
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z. The AN!APW-17 System Test Program [ 
During the ANIAPW-17 test program on thirteen systems, 

forty-one discrepancies were discovered. Only nine of the forty-one 
discrepancies were due to part Cailures; the remainder were inspection­ r 
type items. Twenty-three (56%) of the dlscrepanoies occurred in the 
first three systems tested. The number of discrepancies decreased 
considerably du.ring the middle of the program and the testing: was r I: 
brought to a successful conclusion when the last four systems were 
tested without the OCCUl'rence or observation of a single discrepancy. 

c. EVALUATION OF mSCREPANT COMPONENTS 

Personnel at the Logistics Depot evaluated two hundred and 
eleven components which were reported or suspected to be discrepant 
during field testing at Eglin AFB and testing at the Depot. Ouring 
evaluation, 88% of the components were confirmed as defective. No L 
discrepancies could be found In the remaining 12%. In thl! latter group, 

test equipment discrepancies, tester errora, test pro~edure errors, or ," 
 Icomponent incompatibilities :l.t Eglin and in the Depot were concluded · L " to be the caU/les of these .apparent discrepancies. i 

One hundred sixty-one of tne confirmed discrepant components I 
Ir ! 

were repaired or readjusted by Depot personnel to put them back into 
serviceable condition. The remaining twenty-five were scrapped because 
of the high cost of reconditioning the units. Nine 01 the scrapped units 
were taken from GAM No. 104 after an acid leak occurred during an 
attempted launch. 

I ' 
I 

I 
I I 
, 1 

t 
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TABLE VI 


MISSILE TESTS IN LOGISTICS DEPOT 


ITEM 

Composite System Tests Conducted 

Observed Reliability of Missile, Less 
Propulsion System and Less Propul­
sion-Associated GAM Auxiliary 
Components 

Reliability-Type Failures 

Total Discrepancies 

GAM NO. 117 

1 

98.4% 

1 

4 

Report No. 5'l-989-12U 

GAM NO. 121 

2 

-91.2% 
I , I 

1 


1 
 I 
Mean-Time-Between- Failures 

Operating TilDe; 

Master Power 

Non-Emanating Power (Servo B+) 

Hydraulic and 8eX'vo 

Antenna Spin Drive 

Inertial Range Computing System 

Radar Low Voltage 

Radio Low Voltage 

63.7 Hours 10.8 Hours 

64 HouXlS 35 Hours 

32 Hours 23 Hours 

26 HourI; 17 Hours 

8 Hours 5 Hour,s 

9 Hours' 9 Hours 

17 Hours 11 Hours 

15 Hours 14 Hours 

B. DIRECTOR AIRCRA.r't GUIDANCE (AN/APW-17) SYSTEMS 

1. Testing in Fourth Quarter 

\. TestIng of th1rteen Director Aircraft Guidance (AN!AI'W-17) 
Systems for operational use was continued at the Air Force Logistics 

> Depot dut'ing October 1958. Five systems, Nos. 132 to 136, scheduled 
~ for installation in DB-47 operatlonal squadron aircra£t, satisfactorily 

completed testing at the ~epot and were shipped to McCoy AFB. 

The testing of AN/APW-17 System No. 132 revealed four 
discrepancies. No discrepancies were observed during the tesfji1~ of 
System Nos. 133 to 136. . 

19 
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SECTION IV 	 SUMMARY OF OPERATIONS 

AI' LOGISTICS DEPOT 


A. MISSILES 

1. Testing in Fourth Quarter 

Eight missiles were received at the Depot, during the fourth 
quarter of 1958, after the completion of factory testing. The missiles 
were put into storage following a. complete visual inspection. 

In accorda.nce with Air Force polley, which states that 
"missiles in storage for more than six months are required to undergo 
composite system teat prior to shipment fro.m thE Depot", GAM Nos. 
11 '7 and 121 were subjected to composite system testing during October 
1958. Table VI showB the reliability results 01 composite system tests 
conducted. on these missiles. The operating time accumulated on 
major circuits during Depot testing is also Included. GAM No. 11'1 was 
shipped to Eglin AFB, but GAM No . 121 was held at the D.epot {or later 
shtpment to McCoy AFB. 

2. Summary of Missile Tests 

During the entire period of operations at the Logistics Depot) 
ten missiles satisfactorily completed one or more composite system 
tests. GAM No. 104 had considerable damage from an acid leak which 
occurred during an attempted launch at Eglin AFB, so it was completely 
reconditioned by Depot peraonnel prior to composite system test. 
Eight of the ten missiles giVen composite system testE were Shipped 
to Eglin AFB {Of n~ght testing in the E&ST program (GAM Nos. 118 and 
121 wllre not shipped). 

I' 

3. Missile Modification Program 

All missiles at the Logistics Depot required some modUlca­
tlons, through the insta.llation of service kits, to make them conform to 
the latest configuration. Since much of the composite system testjng 
would have been duplicated after the Installatlon of the service kits, 
all missile testing was temporarily balted on 21 october 1958, pending 
completlon of the m,odificationll. PriOl to the termination 01 the Rascal 
contract on 2. December 1958, modificatlons had been completed on 
thirteen mrssiles, including: GAM No. 104. Termination of the Rascal 
program precluded completion of the missile modification program. 

18 
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D. FACTORY TESTING OF ROCKET ENGINES 

A comparison of \~e results of acceptance testing of LR-6'1BA-9 
rocket engines for R&D luissiles, E&S'l' millsilesand squadron missiles 
Is contained in Tablti V. . 

TABLE V 

ANALYSIS OF ROCKET ENGINE ACCEPTANCE 'rESTS 

R&D Missiles E&ST Missiles Squadron Missiles 
GAM Nos. GAM NOB" GAM Nos. 122-134, 

'15-101 102-121 201-222 

Number Tested 33 24*-+ 35 

Total Tests Conducted 89 51 58 

Tests Per l!:ngine 2.7 2.1 1.7 

ShutdownS Caused by 13 2 5 
Engine :Failures· 

Probability of No Shutdown 0.85 0.96 0.91 
.Due to Engine :FaUure­

*Engine shutdowns caused by test eqUipment failures or by testing errOl"S were not 
included . 

"'*Includea four spare engines. 

Further analysilJ of acceptance test data, with respect to the 
probability of Buccessful operation of the rocket engine, has shown the 
following information: 

R&D Missiles E&ST Missiles Squadron Missiles 
(Holloman) (Eglin) (McCoy) 

Probability of no shutdown 100% 100% 98% 
of the rocket engine du!"ing 
acceptance tests after 
"simulated iaunch" 

This anll.lysis indicates, lor eumple, that the inherent relhibility 
o( the rocket engines installe.d in E&ST millEliles was observed to be 96% 
and that after successfully passjng simUlated launch the reUab1l1ty of 
the engines tor the l'emalnder of the firing approached 100%. 
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C. ANALYSIS OF MISSILE RELIABILITY AND DELIVERY SCHEDULES 

During th~ period September 1957 to December 1958, ttl.ls Cfln­
tractor fulfilled all monthly missile delivery schedules establ1shed by 
the Air Force. This ful1lllmenl 9fdeHveryscheduies was ilccomplished 
without jeopardizing the reliabUlty of missiles delivered during this 
period. 

Effective with the delIvery of GAM No. 104, new reliability re­
quirements lor (1) observed reliabiHty, (2) percent successful composite 
system testiiJ and (3) minlm1.iin systemopsratL,ghours, "..:;ere :;s.~blisned 
to enS\ll'e that the most economical reliability-assurance tests would be 
conducted during the manufacturing process which would be compatible 
with delivering a reliable missile on schedule. 

It had been determined previously that the 15 composite 8ystem 
teats which were a requirement for GAM Nos. 87-103 could be reduc-ed 
to a miniotum of five composlte system tests for GAM Nos. 104 and 
subsequent without sacriflclng the reliabiUtyof the delive:red missiles. 
Analyses had proven that the configuration of missiles effective with 
GAM No. 96 wall definlt.cly of a higher order of reliability than previouB 
misslles and, hence, req\.lired less reUability testing in the factory 
(considered here as misslle debugging tMtS) to provide assurance. of 

. delivering a satisfactory product. 

Figure 4 shows that the later R&D missiles, GAM Nos. 96 through 
101, were of 11 much hlgher rellablllt\ configuration tllall the earlier 
R&D missiles, GAM NOB, 75-95. Also in Figure 4 there can be observed 
the fact that an acceptable cUlIlulativa percentage o( successful tests 
was reached after an average of only eight tests on GAM Nos. 102 and 
subsequent as compared to an average of 19 tests on the earlier R&D 
missiles . 

.-~ Hi 
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Figure 3. Succe~s of Composite System Tests on Missiles lJu"ng Factory Test 

TARLE IV 

TOTAL FACTORY OPERATING TIME BY MISSILE BLOCKS 

(In Average HOllTS Per Missile) 


9perational Squadron 

GAM Nos. GAM Nos. 

R&D E& ST 

GAM Nos. GAM Nos. GAM Nos. GAM Nos. GAM Nos, 
Major Cjrcllit 122-134 201-213 214-22175-85 87-101 102-111 112-121 

Master Fower 333 2'75 21H 256 274 

Non- Emanating 

572 436 

178 177 179334 llB'! 23B 201 
power (Ser'iu B+) 

Hydl'aullc & Servo 134 135 137 

Antenna ~Di1 Drive 

214 204 178 146 

57 50 4941} 4'1 39 60 

115 116 120 

Radar Low Voltage 

85 106IRes 83 89 
85 I ] 

99 99 94 8688 138 

8294 86RadIo Low Voltage 98 101 9'1 93 

I 
1 
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B. FACTORY TESTING OF MISSIL"ES - FEBRUARY 1956 TO DECEMBER 1958 

A comparison of the reliabutUes of m.isslles at the time of ship­
ment [rom the factory (by blocks of R&D, E&ST, and Operational 
Squadron missiles, since February 1956) is shown In Figures 2 and 3 
on Iactory obuerved reliability iUld percent 01 succeesful composite tesls 
conducted on mIssiles during lacto.,y testing. The observed l'eliability 
sbown in Figure 2 is the probability of one hour of fa.llure-free opera­
tion during the factory testing gilaSB and is a measure of the inherent 
reliablUty of the Rascal missile, less the propulsion system. The 
total factory operating time accumulated on major missile circuits 
ia shown In Table IV lor all m.ts.tliles testad since February 1956. The 
total lactory operating time includes ilie time of operation of the 
missile in the subsystem test phase plus the composite system test 
pbase. " 

OBSERVED 
REL.IABILITY 


IN 

PERCENT 

I 
I, 

Figure 2. Factory Observed Rell~b1lity of Missiles (less PropulSion System)i r 
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TABLe: II 


;;'AC'l'ORY OBSERVED RELIABILITY AN~ COMPOSITE SYSTEM TESTS 


nom 

Observed Reliability·' ot 
Mi••lle, Len Propul­
sion Sy.tem arllt.LesB 
prop.ulslon-AIISoclaled 
GAM. AWtUi;u-y Com­
pone.nts 

Cl)mpoatte System T 'tstf' ! 

NUlnber Conducted 

Number Su~c"8sl11l 

Pel' Cent Successful 

(DurIng ComposIte S~.t.m To.t phase Only) 

Missll. Numbers . IGAM Nos.l 
214- 215 Z16 217 218 al9 ZllO ~21 1 Z14-221 QQal" 

92.9% 89. '1% 99.9% 90.6% 9~.1% 95,2% 92..8% 83.~% 89 .Q% all.~% 

n 9 5 6 l il 7 7 9 Av:Mge Mlnlihum 

7 5 5 5 6 5 5 6 Av~r\:e -
'B% fi6% 100% 83't 60% ~ l% '11% 6'1% 11% 5Cf:{, 

~}.. reliability goal of 86. 5% wa. established {~J' ",a mJ.~l1e less tile propuls ion ~l'.I.D\ and less Ih. 
)JrDpulll ron~2990clatcd GAM auxlliacy componcnls, to rne ot the requl.:ren"cnts of a 70% airborne 
we.pon systom • 

..	This ob.erved reliability I. a prolr"blllty'o! One hour at (allur e-Jree operation dUffog th. (' ClQry 
t.es t lng phose, 

J!~E : (11 A successful .composUe sy~t.m teot la defined 1S one during which no 
. r eU"bUlty- typo; jallur.s a r e e"perlenced in Ihe m issile systems. 

(2J 	 No ground (iring" were conducted on the above missiles. All rocket 
engInes wen fired dur lng engine acceptance tests prior 10 inatallaUon 
In mlssileg. 

TABLE lU 

FACTO~Y Ot'ERATlNC TIME (IN HOURS) 
(DUring Composne Sylllom Te.t Phase Only) 

MInH. 
Number 

Masler 
Power 

Non-Enl:matlng 
Power {Servo 

Il+) 
Hydraulic 
and Sena 

Antenna 
Spin 

Drive IRCS 

Radar ·Low 
Vollllge 

(Unattended 
Search Radar) 

Radto Low 
Vol tage 

(Relay and 
COmmand) 

aH 112 93 ~1 38 70 78 77 

2.15 108 '/9 ?D U 77 ·65 65 

216 82 70 62 ~o 52 57 65 

217 7S 00 ~1 -is 52 67 67 

216 

219 

220 

a21 

108 

59 

76 

91 

sa 
~S 

12 

76 

74 

49 

5g 

~2 I
4( 

U 

30 

44­

62 

~2 

57 

66 

ao 
51 

61 

19 

76 

51 

56 

74, 

AYer"", 
Tim. 

89 77 64 43 60 R7 86 

Minimutl\ 
nequ'r~-
m.c nt 

None None -iO 10 20 -1.0 ~O 

L 

1 p 

I 
! 

1-2 
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L SECTION III SUMMARY OF FACTORY TESTS AT NIAGARA FRONTIER FACILITIES 
,­
., This section of the report includes sign1f!cRitt results 01 f~ctorl 

tesls conducted during the fourtb quarter of 1968 and reviews the 
results of factory tests from February 1956 to the end of the pros;ram 

':"" 	 In December 1958. 

A. 	 FACTORY .TESTING OF MISSILES - FOURTH ~UARTER OF 1958 

Tables 11 and III contain reliability information on the last eiiht 
missiles, GAM NOli. 214-221, whlch completed factory testing during 
this quarter. 

The. observed rel1ab1l1ty of a missile was· calcula.ted for the last 
portion fit fal!tol"Y testing only, during which time the entire I!&isalle 
was operated and formal countdowns Were conducted. The iormal 
composite system.tests or countdowns consisted of:... 

Phase - Simulating takeofi-to-launch equipment operation 
"" t Phase II Simulating launch-to-target eqUipment operation 

This last portion of mi8sile testing has been designated as "Com­

[ posite System Test Phase". Tne reliability observed dur1lli the com­

fi 
posite system tealing of the Rascal missile wa.a a. measure of the in­
herent rellab1l1ty of that portion of the missile which was tested during 
this period. ­

~ . 

Analysts of the data contained in Tables· II and ill .shows the 
following:

I 
I (1) 	 The cumu~tlve reliability for the group or missiles tested In 

the ractory during this quarter wa/J 89.9%, which compares 
favorably with the 86 .• % missile goal necessary to obtain a. 
70% airborne weapon system rellab1l1ty. This89.9%observed 
rellabUlty flgllre was for the willalle less the propulsion 
system and less those propulslon.-associated components not 
normally operated with the complete missile, except dU1'lng 
static ground firings or during airborne launching opera.tions. 

(?) 	 Sevent!'.one percent of all valid composlte system tests were 
IIUCCCBS(Ul. 

(3) 	 An average of 7.8 composite 81stem tellts was conducteu 
per missile this quarter as compared to the average o! 19 
composite system tests conducted per misalle on thP R&D 
missiles, GAM Nos. 87 through 101, during the factory 
testing pb.ase. 

(4) 	 The minImum Hme reqUirements for all ma.jor circuits were 
met In every casc. 

\ 
I 11 
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borne missiona during the operational (squadron-use) phase of the ! 

program. No reliability goal was established for the weapon system l. 

specUically for the E&.ST phase of the program. The reliability growth 

curve shown in Bell Aircraft Corporatlon Report No. 56-989-117 (page 

33) was used as a moving-goal objective for tile E&ST and operational­

use phases of the program. 


Shown In Table I are the observed rel1abiliUes expedenced on 
tacHeal major systems dUring factory and lield teats on the Rascal 
missile and during field tests on the director aircraft. SiJt of the major 
systems were observed to be better than the established R&D goals; 
two were observed t.o be less. 

Appendix D shows the observed reliabilities and ~Hllhed 
reliability goals 10.1' all Bubsystems and components of the tactical 
weapon system. The corresponding lnformaUon giv'::Jl above for Table I 
also applies to Appendix D. 

The reliabilities of components, Bubsystems and systems were 
calculated on the following bases: 

(1) 	 Missile, less Propulsion System: The probability of no fail ­ ; 

Ilres during one hour of facto:>:,y or field operation. l. 

(2) 	 Propulsion System; The probabUity 01 no fallure dur·ing a 
simulated or actual mission. r 

(3) 	 Director Aircraft Guldance SY5tem: The probabUity of no 
1allure during 115 minutes of field operation. 

(4) 	 Director Aircralt Miscellaneous System: The probabmty of 
no failure during 150 minutes of field operation. 

An analysis of the 165 components included in Appendix D has 
shown the following observedperlormance on tactical Rascal components 
throughout the reliability program: 

No. of Components . No. ot Components No. of Components 
Which Equaled or Which Equaled or On Which No Failures 
Exceeded Establishetl Exceeded Established Were ExperIenced at 
.Reliability Goals for Reliablllty Goals for Missile Qr Director 
a 70% Weapon system a 45% Weapon System Aircra!t System Test 

Level in the Factory 
Components in Factory Field Factory Field or in the Field 

Missile '16 (66%) 67 (58%) 89 (77%) 74 (64%) 34 (29%) 

Director Aircraft --­ 28 (57%) --­ 39 (80%) 18 (37%) 

Wl!apoll Systen\ --­ 95 (5~%) --­ 113 (08%) 52 (32%) 

I. 

,.. 
-~ 

T" 

L 

r 


Note: 	 The numbers in parenthesis indicate the percentage of components 
out of the tot:1l of 116 for the miSSile, 49 for the director a1:rcraIt, 
and 166 for the ovel'-all weapon system. 

I , 10 
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1 
TABLE I 

J 
COMPARWON OF OBSERVED RELIABILITIES AND ESTABLISHED 

I 
 RELIABILITY GOALS FOR TACTICAL RASCAL SYSTEMS 


J 

I
I 

I 

I 


Major System 

Observed Reliability{l ) 
(In Per Cent) 

Airborne Reliability Goal 
(In Per Cent) 

Factory '" 
Tests 

Field·· 
Tests 

R &I D*** 
:Phase 

Operational"·· 
Phase 

J\oiissile 63.0 55, 0 64.6 82.3 

Propulsion 82.9 75.8 90.2 95.5 

Flight Control 96.6 95.1 94.1 
y 

97.3 

Non-Emanating G\l.idanc:e 
(Inertial Range 
Computing System) 

98.5 S8.S 98.4 99.S 

Emanating Guidance 93.9 89.8 83.8 92.4 

GAM Auxiliary 85.•1 86.1 93.0 96.8 

Fuzing 100 100 99.'1 99.9 

Director Aircraft Not 
Appl1cable 

80.5 69.6 85.1 

Guidance Not 
Applicable 

82.0 '14.3 87.6 

Miscellaneous Not 
Applicable 

98.2 93.6 97.1 

,., 

1<* 

**'" 
***. 

Fac.tory teste based on GAM N'OB . 75 to 221. 

FIeld tests based on GAM Nos. 75 to 117 and corresponding Director Aircratt Systems. 

Established for airborne missIons using GAM Nos. 75 to 101. 

Established for a irborne missions using GAM Nos. 122-134 and 201-222. 

Note (1): Included in these reliability calculations were 1ailures caused by human 
errors, inadequate maintenance, and inadequate procedures, as well as 
by inherent unreliabillty of equipment. 

Table I Bhow~ tne reliability goal established for each tactical 
major system of the missile and the directpr aircraftfor the R&D phase 
and for the opera.tional (squadron-use) ~haBe of the Ji!.a:.acal prokram. 
An over-all tactical weapon system reliabll1ty gOlll of 45% Wi1iS !l1!ttllaUy 
agreed upon. by the Air Force and the Contractor, for airborne opera­
tions during the R&D phase. An over-all tactical weapon systeIl'l goal 
of 70% was. established by the Contractor as a design objectlve for air ­
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B. MASTER CHECK LIST OF 'JlELIABILITY PROGRAM. PRACTICES 

An informal. check list of reliability p,ractlces. maintained by the 
Director 01 ReUablHty to control tne reliability acUvitiesof the Rascal 
reliability program. was expanded for application to otl1.3." reliability 
programs. The check l~t was published as: 

"Master Check lAst of Reliability Program Practices" 
Reliability Handbook 7-58-295,.-9 
Fourth. E:dition, dated 17 February 1959 

The "Master Chellk. List of ReUab1llty Program Practices" has 
been found to be valuable as an aid in establishing and conducting 
reliability programs and as an educational device in the field of relia­
bility. 

C. IDEA-FOR-IMPROVEMENT PROGRAM 

The idea-!or·improvement progl'am maugurated in October of 
1955 played a Significant role in the Rascal reHabUity program. A 
total or 895 ideas for improvement, pertaining to the Ra8c~1 weapon 
system and initiated on the Equipment Discrepancy Report (EDR) form, 
were received, processed, a.nd directed to the proper authorities. 'the 
hf'nelit derived from this voluntary and personal effort of Bell Aircraft 
em,>loyees is shown below: 

Number oC ideas for improvement resulting 
in a change incorporated in the Rascal 
weapon system 587 ( 65.6%) 

Number or ideas for lmprovement resulting 
in 'a change BlJggestedbut not incorpor­
ated because o[ termination of the 
Rascal program 35 ( 3.9%) 

I 
I 

~ 

t· Number of ideas for itnprovemenl 
answered but not considered adequate 

r for a change 266 ( 29.7%) 

Number 01 Ideas for improvement not 
answered because of termination of 
the Rascal program 'T ( 0.8%) 

Total - 895 (100.0%) 

D. ANALYSIS .OF OBSERVED RE:LIABILITIES AND ESTABLISHED RELIABILITY 
GOALS OF SYSTEMS, SUBSYSTEMS, AND COMPONENTS 

Ef!ective with the initiation of the expandl.'d reliabiHty program In 
October 1955, a comparison of tne observed reliability was made to the 
establlshed reliability goal for each system, subsystem, and component 
on a continuing basis. 

8 
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between-component-failures, In hours, is graphlcallYPt'esented in Figure r 
1. The tellt8 shown in Figure 1 consleted oC: L 

d} 	 Factory Te8tll: 

{a> 	 All component.ievel testing, including limited-environ­

mental tests on all components. 


(b) 	 Precomposite (subsystem) tests and c,ompoBite eystem I 
tests on missiles. 

(2) 	 Field Teste: 

(a) 	 Ground and airborne tests at AFMDC (Holloman) on 

components in GAM Nos. 75 to 101, less GAM NOB. 78, 

86, 92 and 95. 


(b) 	 Ground and airborne tests at Eglin Alr Force Base on 

components in GAM Nos. 102 to 117. 


The 1011owing conclusions have been made from the test results 
shown in Figure 1. 

{l) 	 The observed meanAlme..,between-component-failures was 

inversely proportional to the respective complexity or each 

gt'OUp of components. 


(2) 	 The severity o( the indlvidual physical environments durll1g 

tile limited-environmental tests an components was relatl'lely 

greater than the actual physical environments experienced by 

components durIng mlllslle-level tests. 


(J) 	 The limlted-enviromnental tests acted as a debugging opera­ 1 
tion as eVidenced by a more than ten-to-one decrease of 
failure rate during the .final 24-hour bench test as cQmpaJ;'ed 
to the Initial bench test. 

(4.) 	 The reliability I'alculated for the missile electronic com­

ponents during the lactory composite system. teats has given 

a very close estimate of the reliability which could be anti ­

cipated during act~l airborne flight operationB in the Held. 


(5) 	 The four-ta-one increase In failul."e rate .of electronic com­

ponent~ between the Hnal bench check and the compo$'ite 

system teat of the missile is due almost entirely to inter­

actio~ e1fects and the effect of placing the Z4 electronic. 

components in the confined and ·restricted-acceBs areas in 

the missile. " 

An analysis or thedatdrom the various blocks of mlsal.Ies (groups 
of ten missllel!l} used to compile Figure 1 revealed tlut.t the sante gen­
eral trend shown for all misslles, GAM NOB". 75-221, appel-red in the 
analysts or each blOCk 01 missiles. 

I 
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1-' SECT! ON II RHIABfLlTY CONTROL ACTIVITI ES 
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A. 	 ANALYSIS OF FAILURE RATES OF ELECTRONIC COMPONENTS UNDER 
VARIOUS ENVlRONMENTS 

In February of. 1958, an aualysis was made o( the relIability 
performance of 144 electronic components under various levels of 
envir_onmental .etrells and when used under varlous complexity en­
vironments (operated as individual components or operated In -systems 
or missiles). This analysis was published in Bell Aircraft Corporation 
Report No. 56-9a9~1l7. 

The original analysis of the effects of environment on the 
!:::.i1ure rate of electronic Ccl:npo:n~nts was extended to include all 
missiles from GAM No, 75 to GAM No. 221. The analysis includes 
only component failures caused by parts or circuits. Fallures attri ­
buted to human errors or causes and dependent fallures were e'l:cluded 
from the analysis in order to show mor-e accurately the direct effect of 
the various environments t.pon the operation of the physical hardware. 

The scope of the analysis and the aiatlallcal '\>'alidUy of the 
results of the analysis are best shown by noting that the entire study 
was based on: 

(I) 	 Number of individual components analyzed ~ Ovel' 2,080 

(2) 	 Observed number 01 component failures 3,217 

(3) 	 Number of component~hours 01 testing 

The three groups of 1l1ectronic components, totaling 24 components 
per missile, represented 52.2%" of the complexity of the entire missile 
as shown below: 

Percent of 'I"otal 
Number of Components Missile 

Group of Components Per Missile Complexity 

SerVo 	 14 16.3% 

Non-Emanating 5 4.6% 
Guidance (Inertial 
Range Computing 
System) 

Emanating Guidance 5 	 31.3% 

Total 24 	 52.2% 

The effect of test environments on electronic components utilized 
in GAM Nos. '75 to 221, with the failure rate exprezs(;!d In mean-t!me~ 

,­
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maintenance Icchl1iquBs, IncreaBl1d evaluation of defective parts, and the 
use 01 more effectlve quality cont!'ol and procurement techltiques. 

Lile testa were conducted On all components of the weapon I.svstem except telemutering equipment. Approximately 85 composite 
system tests were conducted on the life-test missile, GAM No. 78, 
under various ambient and environmenta.l conditions. 

The Bell Aircraft reliability reporting system orlglnatlld in 1953 
and was made fully effective thrQughout the COl'poration in February of 
1956. During the period February 19f16 through December 1958, the 
following reUability reports Were accllmulated: 

Equipment Disc~epancy Reports 25J8~0 

Reliability Report Cards - 107,935 

Teat Operating Time Reports 30,000 

The above reports coV'er faliut'es, successes, and operating 
times of Rascal e,\ulpment. 

The more than L63,OOO reliability data reports CQllected on the 
Rascal reliabilIty program were used as a basia for Identtfying and 
deUnlng a:d.equacies and inadequacieB In the weapon system and served 

r'to provide Ii: mea6ure 01 the effectivenl!ss at taking corrective action 

on the various problems encountered on the program. ! 
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I 
(2) Analysis or rel1ablllty data. Recommendatlons were made to 

management concernIng problem areaa where corrective ac­
tions would p~ovide the m05t rewarding reliability returna 
for a given expenditure of dollars: and manpower. 

(3) Reportlng to management the effectiveness of corrective 
a,ctlon t2ken, to insure "closing the loop' -. 

(4) Providing reliability data. and analyses to varloull operating 
organizations .within the Corporatlon and to various Air 
Force agencies. 

(5) Preparation, for management, of evaluation reports covering 
the success of the entire Rascal reliabUlty program. 
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C. THE RASCAL RELIABILITY PRQGRAM 

Formal rellabillty effor~s at Bell Aircra1t Corporation date from. 

- i 	 1951, when a small engineering group wal!! established to study relia­

bility problems from botb design and tellt . points of view. A group of 
six-people surveyed the i.rid\J"try and documented techniques which would 
-be applicable- to a complex weapon system. Rellabll1ty analyses were 
performed on data pthered from various test centers. J;ly the end of 
1953, t.he rellabillty effort resulted in a. contractual requirement for 
this qmnterly reliability report for the RaBeal weapon system. 

The original reUability effort WIlS expanded, in October 1955, 
Into a tllll-Bcale rellability program (rom the Rascal weapon system. 

The first missile of the reliability progra.m, GAM No. '75, Incor­
porated the Bell rocket engine (LR-67BA-9) and numerous other lm­
provements over earlier mjssiles. 

In the GAM NOll. 75-R5 block of mil!lsiles, tubes were aged, com­
ponerks were rewurked and reinspected, and limited-env~ronment::;l 
tests were Initiated on all components. BeginnIng with GAM No. 87, 
most electronic parts were 100% tested priOJ; to use In components, 
componenta were built in accordance with in'proved lItandards, and 
el!iensivB composite system testa and s.upplementary teBts were con­
du.cted on mlssUes In factory testlng. Similar rellabillty enorts were 
conducted on production director aircraft guidance systems beginning 
with AN/APW-17 system No. 107, after all systems were rewol'l~ed to 
incorporate outstanding modiUcations. The prototype ~/APW-17 
sys~em8, used at Holloman to launch R&D missiles, were modified and 
then retested under environmental conditions. 

Further rellabiUty efforts included the establlshmentof Itumerous 
addItional COntrol drawings) the use of hi-gh-reliabiHcy design techniques, 
part application reViews, deSign reviews, more effective preventive 

lit 
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p~riod to accelerate the missile to supersonic velocity. At the end of 
the thrust phaSE, the rocket engina enter'xia Lypa.J8 phase, continuing to 
supply power for the g;eneraUon of electrical energy and hydraulic 
power, whUe the missile nlght became a controlled gl1de. 

I~ 
Ouring the gyro-stabilized midcourBe porUon of the Illght, an 

inertial rangt'--computing system computed the range-to-go and caused ,­
the missile to enter the termina.l dive automatically. During the termi­	

j. 
I 
I 

nal portion of the flight, a radar relay arLd coml3land system enabled 
the guidance operator in the director aircraft to send c.ourse correction 1 
signals to the missile, The guidance operator also had the capability •Ito initiate ' terminal dive, and could operate the missile's unattended 

I 
t 

E'Jilrch radar and transmit azimuth correction signal,sduringmidcourse 
flight. 

I 
In a typical migeion the director aircr3..ft, using a s tand;:.rd 

bombing-navigational system, proceeded to Cl predetermined launch I 
area. Immediately prior to launch, U::formaUon regarding aircraft : ~ i 
ground velocity, heading, ~nd range-lo-target was imparted to the I 

! 
mis5ile to serve as initial condiUon datafor its non-emanating guidance 
system. After launch, the mis~Ue was under control of this gravtty­
referenced system during the midcourse phase of the flight. Missile - 1 
altitude was controlled by an aneroid altimeter until termtna-I dive. At 
a predetermined r;u'lge from the launch -point, the missile's inertial ,range-computing system caused it to enter a nominal terminal dive. , ­
During the dive, an unattended search radar in the nose of the mtsslle 
illuminated the target area, and the radar return :!rom the target was 
relayed CrocI the missile to the d~.ector ail'craft, where the radar 
display was viewed on the uimuth and elevation indieator wh~. -howed 
the position of the missUe relative to the target. By sending guidance 
commands via the microwave link, the gUidance opera.tor made correc­
tions to the dh'e ;!.nd azimuth attitudes of the missile t(1 assure a detona­ [ 
tion within the requ1l'.ed accuracy. 

I 
B. RELIABILITY ORGAN!ZATION 

·.il.~ Director of Reliabnity directed, coordinated, and controlled 
Rascal reliabllity efforts withIn the operating divisions. An operational 

-group, the RellabiHty Control Section, supported the Director of Relia­
bility and the variouB organi~ation3 within the Corporation. 

The Reliability Control Section performed the follOWing functions 
on the Rascal reliability progra.m: 

(1) 	 Collection and processing of basic reliabilit1! data on suc­
cesses, failures, and operating times, To insure that re·· 
porting of data was complete, rapId, and accurate, relia­
bility representatives were 1J~(,\t1oned at Air Force Plant 40 
(System 112A LogistJCS Depot), EglIn AFB, AFMDC (He-lIo­
man), McCOY AFB, and in critical factory test areas. 

http:requ1l'.ed
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SECTION I INTROOUCTION 

This is the twentieth and last in a series of quarterly progress \ 
reports on the System 112A Rel1abillty Program. The Rascal program 
was terminated in December H158. Thequarterlyreports have provided 
a comprehensive view or the reliability programj depicting the types of 
testli which provide reUability data, ahowlng tha analysea employed in 
determining actual rellAbtUty factor. for Rascal eqUipment, and evalu­
ating rellabillty progress throughout the research and development 
~base as; wen as the m1lltary-use phase of the Rascal program, 

~ ,iii 
. ThK" I".-.th report presents (1) a summary of the major relia­

bility efforts and evaluation of the reliability results of testing at the 
component _rlli iiyatam leVelii hi the -factorY, (2) a fi~i report and 
analysia 01 the test results observed in the Logistics Depot, al Eglin 
AFB (EllST program), and at McCoy AFB, and (3) a description or the 
outstanding reliability Improvements incorporated 1n the Rascal Weapon 
System. 

A detalled summary of all airborne missions which have taken 
place a~ AFMDC (Holloman) and Eglin Air Farce Base since the 
beginning of the full-scale reHabUlty pr~ram, In October 1955, 18 also 
presented. Analyses of the airborne missions, with conclusions, are 
also contained In this report. 

\ 

A. THf: RASCAL WEAPON SYSTEM 

The Rascal (GAM M 63A) Wer..pon SYBtem wall an airborne instru­
ment of warfare deaigned to provide DB-4.7 bomber aircraft wlth an 
increased capabUity lor attacking and destroying hea.vily defended 
strategic targets, Principal elements were; (1) GAM-63A miasiles, 
(2) DB-47 director airt,lzo,,£t, (3) ground 8upportequlpment, and (i). tra.in­
Ing aids. 

The GAM-63A missile was a rocket-powered, super8onlc, alr-to­
surface miBlliie weighing approximately 18,200 pounds. It-could delLver 
a 2800-pound warhead 90 nautical miles with ffiv-..imU!!l speed In e3;cese 
of Mach 2.5. At a miSSile range of 75 nAutical miles, It W;lS capable of 
prov1r.Ilng an airburet of a special warhead with a. no. lz;ontal circular 
probable error of not more thlln 1500 feet and, eltc~uding errors In 
weather prediction and target IntelllgencilJ a. vertica.l standa.rd deviation 
of not more than ±oI05 teet, Principal d.l.m.en.iona of the GAM-63A 
were; length, 32 reet; maximum diameter, 4 feet; and maxhnum hori­
zontal spans 17 feet. 

. A ),6dcet propulsion ilYillem using inhibited fuming nitric acid 
and Jet rue) as propelIanbl supplied 12,000 poUnds of thrust :lllr a. ilhort 

~A' 
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GLOSSARY 

oe!lnltions 

1. 	System: Consists ot one or more components capable of periormlng 
one of the principal end-functions of the wertpon system. Examples: 
guidance system, propulsion SY8t~DlJ electrical system, fuzing 
system. 

2. Component: 	 Normally a combination of detail part.. , subassemblies, 
and aBscmbl1ea, ' and iii! a sell-contained element of a complete 
operating system which performs .a !~nction tleceallary to the opera.­
tion of the system. ElIt&mples; receiver, t.raJl.8mltter, power supply, 
turbine , 

3. 	Compollent Part 01' Detail Part: .An element or a component of auch 
construction that it is not practically or economically feasible to 
disassemble for maintenance purposes, Examples.: resistor , relay, 
coil, capacitor, o,:acuum tube . 

.: 
4. GAM-63A: 	 The otflcial USAF deSignation for the Rascal Missile; the 

letters GAM indicate Guided Aircraft Missile. 

5. 	Director Aircraft; The airplane, usually a modified B-4'7 borobe~ 
designated DB~47, which carried -the GAM-B3A, launched it, and 
directed it toward the target. 

6. 	Reliability: The probability that equipment operating in II specified 
range of environmental conditions wlll.demon.strate acceptable-per­
formance durlng a specified period 01 operation. 

7. 	Operational Reliability: For a military weapon system, a function of 
thE:' Use ReliabiHty multiplied by the Inherent Reliability. I 

a. Inherent Equipment Rp.liability: The built-tn reliability of equipment 
which exists at the end of the productiQnprocess, l.e. , at the point of 
dellvery fro'tl the !acto...y to th4;1 using agency. 

9. 	Use Reliability: A function of the eff.ect of various maintenance and 
application factors on the rei Iability of eqUipment in the hands of the 
using agency, i.e., after delivery from the l actory. 

Abbrevla.tlon·s 

1. Er.ST: Employml!nt :md Suitability Testing 
2. RRC: Reliability Report Cud 
3. TOTR: Teat Operat1ni Time Report 
4. EDR: EqUipment Discrepancy Report 
5. 	MTBF: ~e~-TUne-Belween-FaUure. r 
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